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This consensus study report was commissioned by the Of�ce of 
Minority Health at the Of�ce of the Assistant Secretary for Health at the 
U.S. Department of Health and Human Services to provide a comprehen-
sive approach to the management and potential interventions for sickle cell 
disease (SCD), a genetic condition affecting approximately 100,000 people 
in the United States and 1 million worldwide. While the molecular basis for 
the symptoms and complications of SCD, and screening techniques to iden-
tify newborns with the disease have been known for decades, the develop-
ment of interventions to improve the quality of life for these individuals, as 
well as the organization of health care systems to deliver appropriate care, 
has lagged. There has been substantial success in increasing the survival 
of children with SCD, but this success had not been translated to similar 
care as they now become adults. As will be argued in the report, a factor 
contributing to the slow progress is the fact that SCD is largely a disease of 
African Americans, and as such exists in a context of racial discrimination, 
mistrust of the health care system, and the effects of poverty. In addition, 
there is substantial evidence that those with SCD may receive poorer qual-
ity of care. Finally, it should be noted that for a condition for which the 
presenting symptom may be acute and chronic care, receipt of appropriate 
treatment is also in�uenced by the opioid crisis.

The report sets forth a substantial agenda beginning with the impor-
tant need for information across the life span to characterize the trajectory 
of SCD and the antecedents of later complications. In parallel is the need 
to organize health care delivery and other services at the local, state and 
global levels with a knowledgeable workforce to address the multiple needs 

Preface

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

xii 	 PREFACE

PREPUBLICATION COPY—Uncorrected Proofs

of those with SCD, including engaging with the educational system and 
community-based groups. Although there is evidence of several important 
therapies in the pipeline, greater investment in research is needed into both 
more of these therapies and the dissemination of effective care into the af-
fected population, especially in view of historical mistrust. This is not an 
impossible agenda; examples from other inborn conditions indicates that it 
can be done. The resilience of individuals living with SCD and the dedica-
tion of their families and communities that support them should also be 
harnessed as part of the solution.

I wish to express my gratitude for the excellent and demanding work 
done by the committee and staff members. However, special thanks are due 
to the individuals and organizations who shared often searing accounts of 
living with SCD, underscoring the urgency of the recommendations in the 
report.

Marie Clare McCormick, Chair
Committee on Addressing Sickle Cell Disease:  

A Strategic Plan and Blueprint for Action
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BRFSS	 Behavioral Risk Factor Surveillance System

CAHPS	 Consumer Assessment of Healthcare Providers and Systems
CAM	 complementary and alternative medicine
CBO	 community-based organization
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CBT	 cognitive behavioral therapy
CC	 consultative- or co-management-centered
CDC	 Centers for Disease Control and Prevention
CDU	 clinical decision unit
CF	 cystic �brosis
CFF	 Cystic Fibrosis Foundation
CHS	 Carolinas HealthCare System
CHW	 community health worker
CIBD	 Centers for Inherited Blood Disorders
CIRM	 California Institute for Regenerative Medicine
CKD	 chronic kidney disease
CMC	 children with medical complexity
CMMI	 Center for Medicare & Medicaid Innovation
CMS	 Centers for Medicare & Medicaid Services
CS	 central sensitization
CSHCN	 children with special health care needs
CVS	 chorionic villus sampling
CYSHCN	 children and youth with special health care needs

DBDR	 Division of Blood Diseases and Resources
DHTR	 delayed hemolytic transfusion reaction
DVT	 deep vein thrombosis

EACT	 Ensuring Access to Clinical Trials Act
EB	 episode-based
ECHO	 Extension for Community Healthcare Outcomes
ED	 emergency department
EDH	 epidural hematoma
EDSC3	 Emergency Department of SCD Care Coalition
EHI	 exertional heat illness
EPSDT	 Early Periodic Screening, Diagnosis and Treatment
ESRD	 end-stage renal disease

FDA	 U.S. Food and Drug Administration
FES	 fat embolism syndrome

GBD	 global burden of disease
GBT	 Global Blood Therapeutics
GERD	 gastroesophageal re�ux disease
GVHD	 graft-versus-host-disease

HCV	 hepatitis C virus
HDN	 hemolytic disease of the newborn
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HLA	 human leukocyte antigen
HOPE	� Hematology-Oncology Psycho-Educational Needs 

Assessment
HPLC	 high-performance liquid chromatography
HRQOL	 health-related quality of life
HRSA	 Health Resources and Services Administration
HSCT	 hematopoietic stem cell transplantation
HTC	 hemophilia treatment center
HU	 hydroxyurea
HUMLO	 Hemoglobinopathy Uniform Medical Language Ontology

ICD	 International Classi�cation of Diseases
ICER	 Institute for Clinical and Economic Review
IDEA	 Individuals with Disability Education Act
IEF	 isoelectric focusing
IEP	 individualized education plan
iHOMES	� Improving Health Outcomes and Medical Education for 

Sickle Cell Disease Network
IOM	 Institute of Medicine
IOP	 intraocular pressure
IUGR	 intrauterine growth restriction
IVF	 in vitro fertilization

MCHB	 Maternal and Child Health Bureau
MSBR	 mindfulness-based stress reduction
MVA	 motor vehicle accident

NBS	 newborn screening
NCAA	 National Collegiate Athletic Association
NCBDDD	� National Center on Birth Defects and Developmental 

Disabilities
NCDHHS	 North Carolina Department of Health and Human Services
NHF	 National Hemophilia Foundation
NHLBI	 National Heart, Lung, and Blood Institute
NICE	 National Institute for Health and Care Excellence
NICHQ	 National Institute for Children’s Health Quality
NIDDK	� National Institute of Diabetes and Digestive and 

Kidney Diseases
NIH	 National Institutes of Health
NQF	 National Quality Forum
NQMF	 National Minority Quality Forum
NSAID	 non-steroidal anti-in�ammatory drug
NSCH	 National Survey of Children’s Health
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OASH	 Of�ce of the Assistant Secretary for Health
OIH	 opioid-induced hyperalgesia
OSA	 obstructive sleep apnea
OUD	 opioid use disorder
OWS	 opioid withdrawal syndrome

PATA	 Patients’ Access to Treatments Act
PBRS	 performance-based risk-sharing agreement
PCC	 primary care-centered
PCMH	 patient-centered medical home
PCORI	 Patient-Centered Outcomes Research Institute
PCP	 primary care provider
PECARN	 Pediatric Emergency Care Applied Research Network
PFT	 pulmonary function test
PGD	 pre-implantation genetic diagnosis
PHRESH	� Public Health Research and Surveillance for 

Hemoglobinopathies
PiSCES	 Pain in Sickle Cell Epidemiology Study
PKU	 phenylketonuria
PLWSCD	 people living with sickle cell disease
PRES	 posterior reversible encephalopathy syndrome
PRO	 patient-reported outcome

QI	 quality indicator
QMETRIC	� Quality Measurement, Evaluation, Testing, Review, and 

Implementation Consortium
QOL	 quality of life

ROS	 reactive oxygen species
RUSH	 Registry and Surveillance System for Hemoglobinopathies

SCA	 sickle cell anemia
SCAPN	 Sickle Cell Adult Provider Network
SCCC	 Sickle Cell Community Consortium
SCD	 sickle cell disease
SCDAA	 Sickle Cell Disease Association of America
SCDAAMI	� Sickle Cell Disease Association of American, 

Michigan Chapter, Inc.
SCDAI	 Sickle Cell Disease Association of Illinois
SCDC	 Sickle Cell Data Collection (Program)
SCDTDP	 Sickle Cell Disease Treatment Demonstration Program
SCHIP	 State Children’s Health Insurance Program
SCT	 sickle cell trait
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SGA	 small for gestational age
SSA	 Social Security Administration
SSDI	 Social Security Disability Insurance
SSI	 Supplemental Security Income
SUD	 substance use disorder
SVT	 supraventricular tachycardia

TAMMV	 time-averaged mean of the maximum velocity
TCD	 transcranial doppler
TS	 transition service
TWiTCH	 Transfusions Changing to Hydroxyurea

VAS	 visual analogue scale
VOC	 vaso-occlusive crisis
VOE	 vaso-occlusive episode
VTE	 venous thromboembolism
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Summary1

There are approximately 100,000 people living with sickle cell disease 
(SCD) in the United States and millions more globally. Sickle cell trait (SCT) 
is even more prevalent and occurs in 1–3 million Americans and 8–10 per-
cent of African Americans in the United States. Current estimates indicate 
that about 300,000 people are born with SCD each year worldwide and that 
more than 100 million people across the globe live with SCT. The sickle gene 
is found in every ethnic group, not just among those of African descent.

Since its discovery in 1910 by James Herrick, SCD has received rela-
tively little attention and few resources from the scienti�c, clinical, and pub-
lic health communities compared with other genetic disorders, such as cystic 
�brosis. Until December 2018 there was only one drug approved by the U.S. 
Food and Drug Administration (FDA) for the condition. A contributing fac -
tor to this lack of awareness and resources is that the affected population, 
which is primarily composed of racial and ethnic minorities, contends with 
persistent discrimination in the health care system and racism in society at 
large. As described by Keith Wailoo, a medical historian who has exten-
sively studied the history of SCD, “Sickle cell disease is a microcosm of how 
issues of race, ethnicity, and identity come into con�ict with issues of health 
care.” Thus, individuals with SCD have suffered from a lag in the develop-
ment of treatments and cures as well as an often strained relationship with 
health care providers and limited resources for advocacy efforts.

1  Citations and references for all facts and �gures mentioned in the summary are included 
in the subsequent chapters of this report.
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To accelerate progress for those living with SCD, the Of�ce of Minority 
Health at the Of�ce of the Assistant Secretary for Health at the U.S. Depart-
ment of Health and Human Services (HHS) asked the Health and Medicine 
Division of the National Academies of Sciences, Engineering, and Medicine 
(the National Academies) to develop a strategic plan and blueprint to ad-
dress SCD in the United States (the full charge to the committee [Statement 
of Task] is provided in Box S-1). This report is the answer to that request.

BOX S-1 
Committee’s Statement of Task

	 An ad hoc committee will be convened to develop a strategic plan and 
blueprint for addressing sickle cell disease (SCD) in the United States. In 
conducting its work, the committee will examine:

	 • 	� the epidemiology, health outcomes, genetic implications, and soci-
etal factors associated with SCD and sickle cell trait (SCT), includ-
ing serious complications of SCD such as stroke, kidney and heart 
problems, acute chest syndrome, and debilitating pain crises;

	 • 	� current guidelines and best practices for the care of patients 
with SCD;

	 • 	� to the extent possible, the economic burden associated with 
SCD; and

	 •	� current federal, state, and local programs related to SCD and SCT, 
including screening, monitoring and surveillance, treatment and 
care programs, research, and others.

	 The committee will provide guidance on priorities for programs, poli-
cies, and research and make recommendations as appropriate regarding:

	 •	� limitations and opportunities for developing national SCD patient 
registries and/or surveillance systems;

	 •	� barriers in the health care sector associated with SCD and SCT, in-
cluding access to care and quality of care, workforce development, 
pain management, and transitions from pediatric to adult care;

	 • 	� needed innovations in research, particularly for curative treatments, 
such as gene replacement/gene editing, and increasing awareness 
and enrollment of SCD patients in clinical trials; and

	 •	� the expanded and optimal role of patient advocacy and commu-
nity engagement groups.

	 Committee guidance should be formulated around strategic objec-
tives (strategic plan) and action steps (blueprint). Throughout all the 
deliberations, the committee will give consideration to ethical issues 
related to SCD and SCT.
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SCD and SCT status are currently identi�ed at birth through universal 
newborn screening in all 50 states, the District of Columbia, and U.S. ter-
ritories. Newborn screening has been highly successful at ensuring early 
access to much needed care, such as prophylactic penicillin for young 
children to avoid sepsis, which has saved countless children’s lives. De-
spite the effectiveness of newborn screening, there are wide variations in 
states’ short- and long-term follow-up practices regarding screening results 
(see Chapter 3). Most states also track individuals only if they remain 
within the same state, thus missing those who move out of the state. Addi-
tionally, while newborn screening identi�es newborns who have SCT, there 
are currently no standardized practices for short- and long-term follow-up 
for carriers. This has important implications because of emerging evidence 
that SCT status might be a risk factor for certain clinical complications and 
because it is important for reproductive decision making. Newborn screen-
ing also misses a large proportion of the SCD and SCT population who was 
born outside of the United States or before universal newborn screening was 
implemented in the country.

The genetic mutation responsible for SCD causes an individual’s red 
blood cells to distort into a C or sickle shape, reducing their ability to 
transport oxygen throughout the body. These sickled red blood cells break 
down rapidly, become very sticky, and develop a propensity to clump to-
gether, which causes them to become stuck and cause damage within blood 
vessels. The result is reduced blood �ow to distal organs, which leads to 
physical symptoms of incapacitating pain, tissue and organ damage, and 
early death.

Pain is the hallmark of SCD, and individuals with SCD experience both 
acute and chronic pain. SCD pain is complex because it can be in�uenced 
by the disease pathophysiology as well as by psychological and social 
factors. The disease can also affect every organ in the body, as discussed 
in Chapter 4. While death rarely occurs among children with SCD in the 
United States, with 98 percent surviving to 18 years of age, SCD has a 
persistently high mortality rate in adults, and end-organ damage is the 
major driver of this mortality. Fatigue and emotional distress, such as 
anxiety and depression, become more prevalent with age and, along with 
chronic pain, pose a high burden and cause signi�cant disability, which is 
under-recognized. In addition, childhood mortality for SCD remains very 
high in resource-poor countries.

Care delivery for SCD is inadequate. This stems in part from the fact 
that for most of the 20th century SCD was considered primarily a child-
hood disease because most affected individuals did not survive into adult-
hood. High childhood mortality rates for SCD led to an increased emphasis 
on improving the infrastructure for pediatric care in the United States and 
conducting research to prevent early death from infections.

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

4	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

The emphasis on early interventions for SCD led to seminal studies 
that provided the evidence base for clinical guidelines for the prevention 
and management of pediatric complications, such as the implementation 
of guidelines for prophylaxis against pneumococcal sepsis and stroke. Un-
fortunately, over the years there has not been a parallel development of 
guidelines and infrastructure for care delivery to adults living with SCD. 
Persistent gaps in the understanding of the natural history of SCD, predic-
tors and biomarkers of morbidity and mortality, and the pattern of emer-
gence of organ damage and other sources of disability persist, thus limiting 
optimal care delivery, particularly for adults (see Chapter 4).

Individuals who are transitioning from pediatric to adult SCD care 
are at a particularly high risk for morbidity and mortality because the ro-
bust care delivery systems available to pediatric patients are not replaced 
by matching or adequate resources for the adult patients (see Chapters 5 
and 6). The lack of dedicated facilities and personnel caring for adult pa-
tients is compounded by the rising complexity of the disease, the emergence 
of comorbidities, and the vulnerability of individuals through the challeng-
ing period of adolescence and young adulthood. Young adults with SCD 
report being unprepared to engage optimally with and navigate the adult 
health care system independently after years of support in the pediatric 
care system. Areas of particular unmet need center on the domains of inde-
pendence, self-care, vocation, and insurance coverage. When these factors 
are coupled with the aforementioned stigma, racism, and discrimination 
within the health care setting and society more broadly, individuals living 
with SCD often �nd themselves facing a solitary battle. This battle includes 
having to advocate for themselves in the health care and public sector, at 
work, in schools, and sometimes even in their families.

Finally, even when interventions are well established, the delivery of 
appropriate and comprehensive care is uneven (see Chapter 6). Some of 
this may re�ect payment mechanisms that do not support coordinated care. 
The majority of those with SCD are publicly insured, and covered services 
may vary across states. Furthermore, health care providers may not be 
well versed in accessing appropriate and available enabling services,1 or 
such enabling services may not exist. There is a lack of awareness among 
providers, especially those who do not regularly encounter patients with 
SCD, of the available clinical practice guidelines for evidence-based SCD 
care, which leads to inconsistent or substandard care. Members of a health 
care team may also be unaware of the implicit biases that in�uence their 

1  Enabling services are de�ned as patient services that are intended to improve access to 
health care and create better health outcomes. Some examples include health education, case 
management, and transportation.
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interactions with and medical decision making for those individuals living 
with SCD (see Chapters 2 and 6).

Improving the organization of care delivery can help ensure that indi-
viduals have access to appropriate services and can also enhance the quality 
of the care that is delivered, in turn improving the overall quality of life for 
individuals living with SCD while increasing their access to new therapies. 
Two therapeutic products have been recently approved by FDA (voxelotor, 
crizanlizumab), and researchers are actively pursuing improved curative 
options by broadening access to stem cell transplant and developing gene 
therapy protocols (see Chapter 7). In addition to increasing access to new 
interventions, service delivery should be restructured by creating multidisci-
plinary that can support delivery of whole-person care necessary to improve 
physical and social functioning and quality of life for individuals with SCD.

The restructuring of care delivery would also provide a platform for 
patient advocacy groups and community-based organizations (CBOs) that 
have played an integral role in driving policy and much needed program-
ming for the SCD population. These groups provide education about SCD 
and SCT, genetic support, psychosocial support, camps, care coordination, 
case referral, and transition assistance, among other services. However, 
it should be noted that patient advocacy groups and CBOs are under-
resourced and are thereby limited in their ability to serve their constituents. 
Furthermore, there are no guidelines or uni�ed infrastructure for the opera-
tion of these organizations and advocacy groups. Despite their key role for 
the SCD population, they also have traditionally not been recognized as 
part of the SCD care delivery system (see Chapter 8).

One challenge that has sti�ed progress in SCD is the lack of funding. To 
successfully garner attention and resources for those affected by SCD and 
SCT, there is a need for public education and awareness about the disease 
and the burden it places on individuals and the health care system. The 
contribution of racism, discrimination, mistrust of the health care system, 
socioeconomic disadvantage, and inadequate services across many sectors 
experienced by ethnic minorities in the United States cannot be overempha-
sized. However, the problems of access to high-quality health and social ser-
vices are not exclusive to SCD, and the strategies developed to address them 
in other conditions can serve as a guide. Cystic �brosis and hemophilia, for 
instance, which are both rare and inheritable diseases, have well-organized 
and well-funded health care delivery systems despite there being smaller 
numbers of affected individuals (approximately 30,000 and 20,000, respec-
tively, in the United States). Amyotrophic lateral sclerosis attracted wide-
spread public attention and efforts fueled by social media, which resulted 
in dramatically increased funding. Other rare diseases have also bene�ted 
from an infusion of federal and private funding. These diseases set valuable 
precedents for addressing the needs of the SCD population.
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SCOPE OF WORK

Charge to the Committee

The Of�ce of Minority Health at the Of�ce of the Assistant Secretary 
for Health at HHS commissioned the National Academies’ Health and 
Medicine Division to develop a strategic plan and blueprint to address SCD 
in the United States. A committee was formed to direct the study titled Ad-
dressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action. The 
charge to the committee (Statement of Task) is shown in Box S-1.

The Committee’s Approach

To accomplish its task, the committee focused the report to address the 
most salient issues surrounding SCD and SCT in the United States. Thus, 
most of the literature reviewed for the report originates from the United 
States. However, because the majority of the SCD population resides outside 
of the United States, seminal evidence and developments from other countries 
were included in the report where necessary. The bulk of the report focuses 
on the needs of the SCD population because this is the area of greatest need.

Conceptual Framework

Life-span approach In its assessment, the committee considered the needs 
and speci�c challenges at different stages in life. While most SCD complica-
tions are common to both children and adults, speci�c ones may be more 
prevalent at different ages. For example, dactylitis (painful swelling of the 
hands and feet), stroke, and enlarged spleen are all common in children, 
whereas retinopathy, pulmonary hypertension, heart failure, chronic leg ul-
cers, and cognitive burdens are more prevalent in the adult population.

The non-health-related needs of younger and older individuals with 
SCD may also vary. For instance, children who experience overt or silent 
strokes as a result of SCD develop cognitive impairment that may warrant 
additional educational support in order to increase the chances for academic 
success. With age, these cognitive challenges coupled with the additional 
burden of chronic organ damage may necessitate vocational rehabilita-
tion support, speci�c workplace accommodations, or support to facilitate 
changes in vocation. Finally, the life-span approach is appropriate because 
existing resources for children and adults with SCD vary. High-quality 
care is currently better established for children, although there is room for 
improvement; quality indicators for adults with SCD are signi�cantly under-
developed and clinical guidelines for high-quality care lack a strong evidence 
base. As individuals with SCD survive into adulthood, information is needed 
about the appropriate service needs, and this need may require longitudinal 
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data systems that will inform evolving care and service needs over time. The 
committee conceptualized the life-span approach in Figure S-1 in order to 
represent the need for targeted interventions at different life stages.

It is also critical to include a focus on quality-of-life factors and on 
understanding how quality of life may change over a lifetime; this is a com-
mon approach in the study of other chronic conditions, such as cancer and 
cardiovascular diseases.

Person-centric SCD care SCD is a genetic lifelong condition; as the survival 
rate continues to improve for children, it must be managed as a chronic disease, 
which requires an ongoing person-centric, collaborative approach to care man-
agement. Building on previous National Academies work on epilepsy, another 
debilitating medical condition diagnosed in childhood, the SCD committee 
based its recommendations at least in part on the epilepsy model of care (see 
Figure S-2), which is built on Wagner’s chronic care model. Wagner’s model 
emphasizes the foundational partnership between the care team and an acti-
vated and empowered patient as being crucial for care delivery. The model also 
underscores the importance of family members and community service provid-
ers in the care delivery system. This is especially relevant for the SCD popula-
tion, which relies heavily on services provided by advocacy groups and CBOs.

The main focus for any model of care should be the individuals with 
SCD and their families, rather than the health care system. Bearing in mind 

FIGURE S-1  A life-span approach to understanding and addressing the needs of the 
SCD population.
NOTE: SCD = sickle cell disease.
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FIGURE S-2 Model of person-centric care for SCD.
NOTE: SCD = sickle cell disease.
SOURCES: IOM, 2012; originally adapted from Wagner, 1998. Republished with 
permission of American College of Physicians - Journals from Chronic Disease Man-
agement: What Will It Take to Improve Care for Chronic Illness?, E. H. Wagner, 
volume 1, 1998; permission conveyed through Copyright Clearance Center, Inc.
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the individual’s preferences, needs, and values, systemic efforts are required 
to facilitate access to comprehensive care and empower individuals to self-
manage and remove barriers to treatment. Health care and social services 
are designed to bene�t patients and improve their health outcomes, quality 
of life, and ability to be productive. The engaged, supported, and empow-
ered patients are then able to work collaboratively with the care delivery 
team and community resources to effectively manage their care.

There is also a need to establish acceptable minimum standards for 
the delivery of the complex care that individuals living with SCD require 
across the life span. Several centers of excellence in SCD have made efforts 
to establish learning collaboratives that de�ne these care delivery standards, 
leveraging quality improvement measures to ensure that every patient has 
access to standardized care at all times, with ongoing data monitoring to 
track the processes’ effectiveness. For example, the SCD Emergency De-
partment Learning Collaborative recently supported quality improvement 
interventions across three sites to improve time to �rst analgesia for acute 
SCD pain, and the Hemoglobinopathy Learning Collaborative has focused 
on strategies that result in more coordinated and appropriate care in order 
to achieve fewer complications, acute care visits, and hospitalizations; en-
hanced quality of life; and more compassionate and respectful treatment 
from the health care system. Expanding the reach of such collaboratives will 
help spread nationally agreed-upon standards of care to other sites, with 
ongoing efforts to improve the consistency and ultimately the quality of 
care for individuals living with SCD. (See Chapter 6 for more information.)

RECOMMENDATIONS

Against the contextual backdrop described in the preceding sections, 
the committee developed a strategic plan and blueprint for SCD action 
and identi�ed strategies and speci�c actions (or recommendations) for 
improving care and outcomes. The vision for the strategic plan is to en-
sure “long, healthy, productive lives for those living with SCD and those 
with SCT.” The committee found that the core message of the Institute of 
Medicine (IOM) report Crossing the Quality Chasm: A New Health System 
for the 21st Century still holds true today for the SCD population, which 
has not bene�ted from medical science advances as much as the general 
population or even at the same rate as those living with other rare and 
heritable diseases, such as cystic �brosis and hemophilia. There is insuf-
�cient up-to-date information about the SCD population to appropriately 
inform programming and policies that address the population’s speci�c 
needs. Finally, evidence-based interventions (preventative, acute, post-acute 
services) that apply to the general population are not always available to 
individuals living with SCD.
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The committee determined that, at minimum, the strategic plan and 
blueprint should ensure that the SCD population receives the same high-
quality care that every American is entitled to. The committee based the 
foundational principles for action on the six aims for the health care system 
identi�ed in the Crossing the Quality Chasm report, namely that health care 
be safe, effective, patient-centered, timely, ef�cient, and equitable. Accord-
ing to the authors of the report, “a health care system that achieves major 
gains in these six areas would be far better at meeting patient needs.” The 
committee felt that, due to the history of marginalization and racism expe-
rienced by the majority of the affected population, it was important to add 
a seventh principle: that health care be ethical.

The strategic plan (see Figure S-3) is made up of a strategic vision, eight 
overarching strategies or “pillars” that support the vision, and foundational 

FIGURE S-3 Strategic plan for improving SCD care and outcomes in the United States.
NOTE: SCD = sickle cell disease; SCT = sickle cell trait.
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principles, which undergird the strategic plan. The strategies take into 
account the multifaceted needs of the SCD and SCT population and the 
equally multidimensional interventions required to meet these needs. The 
strategies are equally important and need to be approached with the same 
amount of urgency.

The committee has also proposed a blueprint for implementing the 
strategic plan. The blueprint offers recommended actions for each of the 
strategies in the strategic plan. These action steps are the recommendations 
identi�ed in the report’s various chapters after a thoughtful review of the 
available evidence. The action steps or recommendations are enumerated 
with the chapter that contains the supporting evidence and listed in order 
of implementation timeframe. The committee offers timeframes for accom-
plishing each of the recommendations. The timeframes take into account 
the complexity of the activity, the level of resources needed to accomplish 
the task, and the existence of current programs that can serve as vehicles 
for advancing action. Activities are also prioritized by actions that need to 
occur sequentially.

In order to make meaningful and sustained progress on the strategic 
plan, the Of�ce of the Assistant Secretary for Health at HHS should ap-
point an oversight body with members from across HHS agencies to oversee 
the rollout of the strategic plan and blueprint. The appointment of the over-
sight body should be immediate, and the current HHS Sickle Cell Disease 
Workgroup, which has representation from 11 HHS agencies, would be one 
option for such an interagency group.

Finally, to ensure continued progress, the oversight body should con-
duct regular assessments of the implementation of the strategic plan, with 
the �rst evaluation occurring no more than 5 years after the release of 
this report.

Chapter 9 includes a complete description of the components of the 
strategic plan and blueprint.

Strategy A: Establish a national system to collect and link data to 
characterize the burden of disease, outcomes, and the needs of those 
with SCD across the life span. This can be accomplished by building on 
current and previous data collection efforts by the Centers for Disease 
Control and Prevention, developing a clinical registry for SCD, and 
linking existing datasets on the SCD population as described below.

Recommendation 3-1: The Centers for Disease Control and Prevention 
should work with all states to develop state public health surveillance 
systems to support a national longitudinal registry of all persons with 
sickle cell disease.
Timeframe: 1–2 years
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Recommendation 3-2: The Health Resources and Services Administra-
tion, the National Institutes of Health, and the Agency for Healthcare 
Research and Quality should develop a clinical data registry for sickle 
cell disease. The registry would allow for identifying best practices for 
care delivery and outcomes.
Timeframe: 1–2 years

Recommendation 3-3: The Of�ce of the Assistant Secretary for Health 
should establish a working group to identify existing and disparate 
sources of data that can be immediately linked and mined. These data 
can be used to provide needed information on sickle cell disease health 
care services usage and costs in the short term.
Timeframe: 1–2 years

Strategy B: Establish organized systems of care that ensure both clinical 
and nonclinical supportive services to all persons living with SCD. Such 
systems would ensure access to high-quality, evidence-based, compre-
hensive primary and specialty (acute and chronic) care delivered by a 
multidisciplinary team; supplemental enabling services; and behavioral 
health and social services. The following action steps are recommended 
to achieve this strategy.

Recommendation 2-1: The Social Security Administration should re-
view disability insurance quali�cations to ensure that the quali�cation 
criteria re�ect the burden of the disease borne by individuals living with 
sickle cell disease.
Timeframe: 1–2 years

Recommendation 2-2: States should expand and enhance vocational 
rehabilitation programs for individuals living with sickle cell disease 
who need additional training in order to actively participate in the 
workforce.
Timeframe: 2–3 years

Recommendation 5-1: The Of�ce of the Assistant Secretary for Health, 
through the Of�ce of Minority Health, should convene a panel of 
relevant stakeholders to delineate the elements of a comprehensive 
system of sickle cell disease (SCD) care, including community sup-
ports to improve health outcomes, quality of life, and health inequali-
ties. Relevant stakeholders may include the National Minority Quality 
Forum, National Medical Association, American Society of Pediatric 
Hematology/Oncology, American Academy of Pediatrics, American 
Board of Pediatrics, American College of Physicians, American Society 
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of Hematology, Sickle Cell Disease Association of America Inc., Sickle 
Cell Adult Provider Network, and other key clinical disciplines and 
stakeholders engaged in SCD care; health systems; and individuals liv-
ing with SCD and their families.
Timeframe: 2–3 years

Recommendation 5-2: The Centers for Medicare & Medicaid Services 
should work with state Medicaid programs to develop and pilot re-
imbursement models for the delivery of coordinated sickle cell disease 
health care and support services.
Timeframe: 3–4 years

Recommendation 5-3: The U.S. Department of Education should col-
laborate with state departments of health and education and local 
school boards to develop educational materials to provide guidance 
for teachers, school nurses, school administrators, and primary care 
providers to support the medical and academic needs of students with 
sickle cell disease.
Timeframe: 1–2 years

Strategy C: Strengthen the evidence base for interventions and disease 
management and implement widespread efforts to monitor the quality 
of SCD care. Existing evidence to support the care and management of 
SCD needs to be updated to re�ect the current evolution of the SCD 
population, where individuals are living into adulthood and contend-
ing with complications that arise later in life. Excess mortality can be 
attributed to not receiving appropriate care. There also needs to be 
widespread efforts to track and improve the quality of care that accred-
ited comprehensive SCD centers (as described in Strategic Objective B) 
provide. This strategy can be accomplished through the following rec-
ommended action steps.

Recommendation 4-1: Private and public funders and health profes-
sional associations should fund and conduct research to close the gaps 
in the existing evidence base for sickle cell disease care to inform the 
development of clinical practice guidelines and indicators of high-
quality care.
Timeframe: 3–5 years

Recommendation 5-4: The National Heart, Lung, and Blood Institute; 
Health Resources and Services Administration; Centers for Disease 
Control and Prevention; and U.S. Food and Drug Administra-
tion should collaborate with the American Society for Hematology, 
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Pediatric Emergency Care Applied Research Network, Patient-Centered 
Outcomes Research Institute, and private funders of quality improve-
ment initiatives to foster the development of quality improvement 
collaboratives.
Timeframe: 3–5 years

Recommendation 6-1: Federal agencies including the Agency for 
Healthcare Research and Quality; National Heart, Lung, and Blood 
Institute; Health Resources and Services Administration; Centers for 
Disease Control and Prevention; and U.S. Food and Drug Administra-
tion should work together with and fund researchers and professional 
associations to develop and track a series of indicators to assess the 
quality of sickle cell disease care including the patient experience, the 
prevention of disease complications, and health outcomes.
Timeframe: 1–2 years (to identify and develop list of quality indicators); 
3–5 years (to implement monitoring program to track performance of 
those indicators)

Recommendation 6-2: The Centers for Medicare & Medicaid Services 
and private payers should require the reporting of expert consensus-
driven sickle cell disease (SCD) quality measures and other metrics of 
high-quality health care for persons with SCD.
Timeframe: 3–5 years

Recommendation 6-3: The U.S. Department of Health and Human 
Services should fund efforts to identify and mitigate potentially modi�-
able disparities in mortality and health outcomes. Speci�c subgroups 
to consider include young adults in transition from pediatric to adult 
care, pregnant women, and older adults.
Timeframe: 1–2 years

Strategy D: Increase the number of quali�ed health professionals pro-
viding SCD care by enhancing existing health professional training and 
accreditation programs and incentivizing providers to provide compas-
sionate and high-quality care. This strategy can be achieved through 
the following recommended action steps.

Recommendation 6-4: The National Institutes of Health should dis-
seminate information on loan repayment opportunities to incentivize 
health care professionals interested in conducting research on sickle 
cell disease (SCD). The Health Resources and Services Administration 
should add populations with SCD as a designated population health 
professional shortage area under the National Health Service Corps 
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program and create a loan repayment program for health care profes-
sionals working with SCD populations.
Timeframe: 1–2 years (disseminate information about existing 
programs); 3–5 years (develop criteria for loan repayment and similar 
programs for health professionals working speci�cally with the SCD 
population)

Recommendation 6-5: Health professional associations (American So-
ciety of Hematology, American College of Obstetricians and Gynecolo-
gists, American College of Emergency Physicians, American Association 
of Family Practitioners, American Academy of Pediatrics, National 
Medical Association, American College of Physicians) and organiza-
tions for other relevant health professionals such as advanced practice 
providers, nurses, and community health workers should convene an 
Academy of Sickle Cell Disease Medicine to support sickle cell disease 
providers through education, credentialing, networking, and advocacy.
Timeframe: 2–3 years

Recommendation 6-6: Health professional associations and graduate 
and professional schools should develop early and effective mentoring 
programs to link early career health professionals with seasoned pro-
viders to generate interest in sickle cell disease care.
Timeframe: 3–5 years

Strategy E: Improve SCD awareness and strengthen advocacy efforts 
through targeted education and strategic partnerships among HHS, 
health care providers, advocacy groups and community-based organiza-
tions, professional associations, and other key stakeholders (e.g., media 
and state health departments). Strategic partnerships with advocacy 
groups and CBOs will enhance their capacity to provide supportive 
services and acknowledge their value as partners in promoting patient-
centered policies and programs. The following recommended action 
steps will be necessary to achieve this strategy.

Recommendation 2-3: The U.S. Department of Health and Human 
Services should engage with media to improve awareness about the dis-
ease and address misconceptions about the disease and those affected.
Timeframe: 1–2 years

Recommendation 8-1: The U.S. Department of Health and Human Ser-
vices, in collaboration with health professional associations, health care 
providers, and other key stakeholders, should partner with community-
based organizations and patient advocates to translate and disseminate 
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emerging clinical research information to people living with sickle 
cell disease and their families in order to improve health literacy and 
empower them to engage in the care and treatment decision-making 
process.
Timeframe: 2–3 years

Recommendation 8-2: The U.S. Department of Health and Human 
Services, in collaboration with state health departments and health care 
providers, should partner with community-based organizations and 
community health workers to engage the sickle cell disease (SCD) popu-
lation in designing educational and advocacy programs and policies 
and in disseminating information on health and community services to 
individuals living with SCD and their caregivers.
Timeframe: 1–2 years

Strategy F: Address barriers to accessing current and pipeline thera-
pies for SCD, with the goal of ensuring widespread patient access to 
bene�cial therapies. The following recommended action steps will be 
necessary to achieve this strategy.

Recommendation 7-1: The Centers for Medicare & Medicaid Services 
in collaboration with private payers should identify approaches to 
�nancing the up-front costs of curative therapies.
Timeframe: 2–3 years

Recommendation 7-2: The U.S. Department of Health and Human 
Services should encourage and reimburse the practice of shared deci-
sion making and the development of decision aids for novel, high-risk, 
potentially highly effective therapies for individuals living with sickle 
cell disease.
Timeframe: 1–2 years (to identify and synthesize criteria for the use of 
new medications); 3–5 years (to develop guidance for shared decision 
making and tools for implementation)

Recommendation 7-3: The National Institutes of Health, U.S. Food 
and Drug Administration, pharmaceutical industry, and research com-
munity should establish an organized, systematic approach to encour-
age participation in clinical trials by including affected individuals in 
the design of trials, working with community-based organizations to 
disseminate information and recruit participants, and conducting other 
targeted activities.
The Patient-Centered Outcomes Research Institute, American Soci-
ety of Hematology, FDA, and National Institutes of Health all have 
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existing activities to foster patient-centric clinical trials design. Lessons 
and best practices from these disparate efforts need to be standard-
ized, scaled, and adopted for inclusion in every clinical trial involving 
individuals living with SCD.
Timeframe: 2–3 years

Strategy G: Implement efforts to advance understanding of the full 
impact of SCT on individuals and society. The committee recommends 
the following action steps but cautions that all activities pertaining to 
collecting and using data to raise awareness and improve interventions 
should be performed so as not to stigmatize those living with SCT in 
any way.

Recommendation 3-4: The Health Resources and Services Administra-
tion should work with states to standardize the communication of and 
use of newborn screening positive results in genetic counseling and 
should create a mechanism for communicating this information across 
the life span and ensuring access to needed support and services.
Timeframe: 2–3 years

Recommendation 4-2: The National Institutes of Health should fund 
research to elucidate the pathophysiology of sickle cell trait.
Timeframe: 2–3 years

Recommendation 4-3: The Of�ce of the Assistant Secretary for Health 
should partner with community-based organizations, the media, and 
other relevant stakeholders to disseminate information to promote 
awareness and education about the potential risks associated with 
sickle cell trait.
Timeframe: 1–2 years

Strategy H: Establish and fund a research agenda to inform effective 
programs and policies across the life span. Federal and private funders 
should collaborate to provide funding to clinician scientists and 
scholars with expertise in SCD, race, and stigma to advance research 
on pressing topics. The oversight body established by the Of�ce of the 
Assistant Secretary for Health at HHS should collaborate with health 
professional associations, researchers, individuals living with SCD, and 
funders to develop a robust research agenda with priority topics that 
need to be studied.
Timeframe: Ongoing
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Every single day that you get up out of bed, you’re �ghting a 
battle, and when you take that �rst breath … it’s a breath of 
pain. You assess mentally. Okay, where are all the places that 
are hurting right now … and you actually have to take several 

deep breaths to push the circulation through your body.

—Tosin O. (Open Session Panelist)

Sickle cell disease (SCD) refers to a group of inherited red blood cell 
disorders resulting from a mutation in hemoglobin, which impedes regular 
blood �ow and leads to painful vaso-occlusive episodes and other severe 
complications (CDC, 2017b). Present at birth, SCD causes lifelong acute 
and chronic complications throughout the whole body. This debilitating, 
multisystem condition affects approximately 100,000 people in the United 
States and three times that number globally (ASH, 2016). Childhood mor-
tality due to SCD has declined in the United States due to medical advances 
and preventive services, but despite this progress life expectancy and quality 
of life for people living with SCD are lower than for those without the dis-
ease (Lubeck et al., 2019; Piel et al., 2017), necessitating action to improve 
health and outcomes and reduce this disparity.

1

Introduction
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SCOPE OF WORK

Charge to the Committee

The Of�ce of Minority Health at the Of�ce of the Assistant Secretary 
for Health at the U.S. Department of Health and Human Services (HHS) 
requested that the National Academies for Sciences, Engineering, and Medi-
cine (the National Academies) convene a committee to develop a strategic 
plan and blueprint to address SCD in the United States. The Committee on 
Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action 
was established in response to this request. As part of its work, the com-
mittee was asked to develop a framework that provides guidance on the 
best approaches to addressing pertinent issues in SCD such as health care 
disparities, stigma, race and biases, access to care, workforce development, 
transitions in care, innovations needed, curative treatments, and the role 
of patient advocacy and community engagement. Box 1-1 shows the com-
mittee’s Statement of Task. In addressing the Statement of Task, the com-
mittee de�ned their scope as addressing challenges of SCD and sickle cell 
trait (SCT)1 in the United States and creating an action plan for prolonging 
healthy lives through the delivery of high quality and equitable care to in-
dividuals with SCD. The committee found it necessary to acknowledge the 
global burden of the disease in low- and middle-income countries in order 
to display the full context of its impact; this was especially important for 
areas where research and �ndings from other countries were essential to �ll 
in knowledge gaps in the United States. The committee also addressed ethi-
cal concerns pertaining to areas such as screening, treatment, and research.

STUDY PROCESS AND INFORMATION GATHERING

This section presents the process that the committee used to identify 
and evaluate the scienti�c literature related to SCD and the Statement of 
Task, committee areas of expertise, how the literature search was con-
ducted, and the evaluation criteria used to screen and categorize literature 
for the chapters.

Committee Expertise and Meetings

The National Academies appointed a team of 14 multidisciplinary 
experts to the Committee on Addressing Sickle Cell Disease: A Strate-
gic Plan and Blueprint for Action; their expertise spanned epidemiology, 

1  SCT is not a disease, but refers to when an individual inherits one sickle gene from one 
parent and a normal gene from another parent. SCT carriers live normal lives and do not 
experience symptoms associated with SCD.
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hemoglobinopathies, pediatrics, hematology, oncology, emergency medi-
cine, psychology, care management and delivery, pain management, health 
disparities, health economics, health policy, ethics, treatment of diseases 
associated with SCD, research, and workforce development.

The committee convened �ve times, and held public information-
gathering sessions at each of those meetings and invited panelists to pres-
ent on speci�c topics of interest to the committee. Full descriptions of the 
open session panels are included in Appendix A. The �rst meeting included 

BOX 1-1 
Committee’s Statement of Task

	 An ad hoc committee will be convened to develop a strategic plan and 
blueprint for addressing sickle cell disease (SCD) in the United States. In 
conducting its work, the committee will examine:

	 • 	� the epidemiology, health outcomes, genetic implications, and soci-
etal factors associated with SCD and sickle cell trait (SCT), includ-
ing serious complications of SCD such as stroke, kidney and heart 
problems, acute chest syndrome, and debilitating pain crises;

	 • 	� current guidelines and best practices for the care of patients 
with SCD;

	 • 	� to the extent possible, the economic burden associated with SCD; and
	 •	� current federal, state, and local programs related to SCD and SCT, 

including screening, monitoring and surveillance, treatment and 
care programs, research, and others.

	 The committee will provide guidance on priorities for programs, poli-
cies, and research and make recommendations, as appropriate, regarding:

	 •	� limitations and opportunities for developing national SCD patient 
registries and/or surveillance systems;

	 •	� barriers in the health care sector associated with SCD and SCT, in-
cluding access to care and quality of care, workforce development, 
pain management, and transitions from pediatric to adult care;

	 • 	� needed innovations in research, particularly for curative treatments 
such as gene replacement/gene editing and increasing awareness 
and enrollment of SCD patients in clinical trials; and

	 •	� the expanded and optimal role of patient advocacy and commu-
nity engagement groups.

	 Committee guidance should be formulated around strategic objec-
tives (strategic plan) and action steps (blueprint). Throughout all the 
deliberations, the committee will give consideration to ethical issues 
related to SCD and SCT.
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the presentation of the charge to the committee by the Assistant Secretary 
for Health and Of�ce of Minority Health. Between the in-person meetings, 
committee members held deliberative sessions to review the literature, dis-
cuss the evidence base, and write the report.

Literature Search

The committee conducted a comprehensive literature search through 
the National Academies library. The search encompassed a wide array of 
terms related to SCD and its complications, as detailed in Appendix B. 
The search was restricted to 1990–2019 except for the search terms: bias, 
stigma, discrimination, and racism, which had no date bounds to capture 
the experiences of minority populations in the health care system. The com-
mittee performed additional targeted searches, as needed, to supplement 
the landscape literature review and expanded their search to related patient 
populations when information on certain topics could not be found for 
SCD. Since there have been relatively few large, rigorous studies conducted 
on SCD and SCT, the committee decided not to employ speci�c criteria 
for including/excluding literature that was evaluated as part of this report, 
thus allowing for smaller, observational, and qualitative studies to be in-
cluded in the committee’s analysis. The committee also examined abstracts 
of conference presentations to allow for inclusion of emerging research on 
SCD and SCT.

Conceptual Approaches for Information Gathering

Life-Span Approach

SCD causes various challenges at different stages in life, so the com-
mittee conceptualized the tasks for this report by assessing the needs of 
people living with SCD over the life span. For example, dactylitis occurs 
mainly in children, whereas heart failure and chronic leg ulcers typically 
affect adults. Age compounds the complications and impact of SCD on the 
affected individual’s body (Oyedeji et al., 2019; Quinn et al., 2010; Sandhu 
and Cohen, 2015; Swanson et al., 2011). Children may also experience 
strokes, which can negatively affect cognitive function, impede their per-
formance in school, and explain long-term cognitive function limitations 
in adulthood, which can manifest as poor pain coping or nonadherence to 
prescribed treatments (Crosby et al., 2015; Gold et al., 2008; Greenham 
et al., 2016; Swanson et al., 2011). These long-term cognitive limitations 
could be a contributing factor to the high rate of unemployment in the SCD 
population (Swanson et al., 2011). Taking a life-span approach provides the 
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opportunity to identify speci�c areas for continued research and policy to 
improve care for individuals as they transition from pediatric to adult care 
and into old age. Figure 1-1 provides a graphical representation of some 
of the categories of interventions that the committee identi�ed as crucial at 
different stages of life.

Person-Centric SCD Care Approach

Considering that more people with SCD are living into adulthood, it 
is important to understand how to manage this chronic disease across the 
life span, with collaborative input from physicians, those living with SCD 
and their families, and relevant community stakeholders. The committee 
decided that effective management of SCD needs to happen in the context 
of a team-based comprehensive care model that places the patient and his 
or her needs at the center. Consequently, the committee referred to a previ-
ous National Academies report titled Epilepsy Across the Spectrum (IOM, 
2012) that provides a detailed description of a model used to provide care 
for epilepsy, which in turn was based on the so-called Chronic Care Model 
(see Figure 1-2). Developed by Edward Wagner and his colleagues, this 
model emphasizes the need for transformation in the health care delivery 
system to proactively keep individuals with chronic diseases healthy. Both 

FIGURE 1-1  A life-span approach to understanding and addressing the needs of 
the SCD population.
NOTE: SCD = sickle cell disease.
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FIGURE 1-2  Model of person-centric care for SCD.
NOTE: SCD = sickle cell disease.
SOURCES: IOM, 2012; originally adapted from Wagner, 1998. Republished with 
permission of American College of Physicians - Journals from Chronic Disease Man-
agement: What Will It Take to Improve Care for Chronic Illness?, E. H. Wagner, 
volume 1, 1998; permission conveyed through Copyright Clearance Center, Inc.
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the health system and the community have key roles to play in equipping 
individuals with chronic conditions such as SCD to self-manage their condi-
tions in pursuit of optimal outcomes (IOM, 2012; Wagner, 1998; Wagner 
et al., 2001, 2005). Similar care models for a variety of chronic diseases 
have been implemented, such as for cystic �brosis, which is discussed in 
Chapter 5, while others are being piloted by the Centers for Medicare & 
Medicaid Services and can be adapted for the SCD population.

OVERVIEW OF SCD AND SCT

SCD is a group of genetic blood disorders. A point mutation in the gene 
that codes for beta globin, one of the two types of amino acid chains that 
compose the adult hemoglobin, leads to an abnormal hemoglobin named 
hemoglobin S (HbS). HbS polymerizes under low oxygen states, forming 
elongated structures within the red blood cells (RBCs) that deform their 
shape from a biconcave, donut-shaped disc to a sickle or crescent shape, 
from which the name of the disease derives (Booth et al., 2010; CDC, 
2017b; Malowany and Butany, 2012; Mentzer and Wang, 1980; NHLBI, 
n.d.; Telen et al., 2019). James Herrick �rst discovered and named SCD 
in Chicago in 1910; he described the sickle RBCs he was examining as 
“peculiar, elongated and sickle-shaped red blood corpuscles” (ASH, 2008; 
Herrick, 1910, p. 517). In 1949 Linus Pauling postulated that SCD was 
caused by the presence of an abnormal hemoglobin molecule (ASH, 2008), 
representing the �rst identi�cation of a molecular disease (Eaton, 2003).

The inheritance of a single copy of the mutation leads to SCT (het-
erozygous carrier), a mostly benign condition, while the inheritance of 
two copies of the mutation (HbSS), or one copy of the HbS mutation in 
combination with a copy of certain other hemoglobin mutations leads to 
SCD (see Figure 1-3). Thus, SCD is an autosomal recessive disease, because 
only the individual that inherits two mutated beta globin chains is affected. 
Table 1-1 describes SCT and the common SCD genotypes and provides the 
appropriate nomenclature.

SCD collectively denotes a set of syndromes that, if untreated, can be 
highly morbid and deadly (Dampier, 2019; Habara and Steinberg, 2016; 
NIH, 2019; Quinn, 2016; Williams and Weatherall, 2012).

The homozygous inheritance of HbS, also known as sickle cell anemia 
(SCA), is the most prevalent and severe form of the disease and also the 
most researched (Dampier, 2019; Habara and Steinberg, 2016). SCD also 
occurs as compound heterozygotes for HbS and other hemoglobin variants, 
including HbC, HbE, HbD, and HbO/Arab or beta thalassemia mutations 
(Habara and Steinberg, 2016; Serjeant, 2013; Williams and Weatherall, 
2012). Hemoglobin S�E0 –thalassemia (HbS�E0) is clinically similar to HbSS 
and sometimes jointly referred to as SCA (NHLBI, 2014). HbSC has 
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moderate clinical severity, and HbS�E+ is generally a milder genotype, al-
though all individuals with SCD, regardless of the genotype, are at risk of 
severe complications (NIH, 2019; Quinn, 2016).

If both parents have SCT, each child will have a 50 percent chance of 
inheriting SCT and a 25 percent chance of inheriting SCD, while there is a 
25 percent chance that the child will inherit neither SCT nor SCD and have 
non-mutated hemoglobin.

The origins of the sickle gene have been traced to sub-Saharan Africa 
(with earlier theories hypothesizing an independent, additional origin of 
the gene elsewhere). HbS confers partial protection from Plasmodium fal-
ciparum malaria, a major infectious killer in the tropics; hence, the muta-
tion provides a survival advantage to individuals with SCT and has been 
conserved throughout evolution (Luzzatto, 2012; Williams and Weatherall, 
2012). The trans-Atlantic slave trade and, later, global migration patterns 

FIGURE 1-3  How sickle cell trait and sickle cell disease are inherited.
SOURCE: CDC, 2017b.
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contributed to the spread of the disease across the world (Dampier, 2019; 
Piel et al., 2010; Schroeder et al., 1990; Solovieff et al., 2011; Williams and 
Weatherall, 2012).

The HbS gene can now be found among every ethnic group, with the 
highest prevalence seen in individuals from sub-Saharan Africa and India 
and their descendants across the world; other areas of relatively high preva-
lence are the Middle East and Mediterranean basin (CDC, 2017a; Williams 
and Weatherall, 2012).

Epidemiology of SCD and SCT in the United States

An estimated 100,000 Americans are affected by SCD, and approxi-
mately 1 million to 3 million individuals in the country are carriers of 
SCT, including approximately 8 to 10 percent of African Americans (ASH, 
n.d.; Hassell, 2010). Each year, 1,800 to 2,000 infants are born with SCD, 
including every 1 out of 365 African American births and 1 out of 16,300 
Hispanic American births (CDC, 2018). An analysis of 2010 data from 
state newborn screening programs found that the incidence of SCT in 
participating states was 15.5 cases per 1,000 newborns overall, including 

TABLE 1-1�Common Sickle Cell Disease Genotypes, Mutational Products, and 
Nomenclature

Genotype
Common Diagnostic 
Term

Types of Beta Globin Gene 
Mutation Product

Homozygous SS Hemoglobin SS 
disease; sickle cell 
anemia

Two hemoglobin S genes (HbSS)

Compound 
Heterozygous SC

Hemoglobin SC disease One hemoglobin S gene and one 
hemoglobin C gene (HbSC)

Compound 
Heterozygous SD

Hemoglobin SD disease One hemoglobin S gene and one 
hemoglobin D gene (HbSD)

Compound 
Heterozygous SE

Hemoglobin SE disease One hemoglobin S gene and one 
hemoglobin E gene (HbSE)

Compound 
Heterozygous SO

Hemoglobin SO 
disease

One hemoglobin S gene and one 
hemoglobin O gene (HbSO)

Compound 
Heterozygous S Beta 
Thalassemia Zero

S/B 0  thalassemia
Hemoglobin S/B 0  
thalassemia

One hemoglobin S gene and one 
hemoglobin beta thalassemia 
zero gene (HbS�E 0-thalassemia)

Compound 
Heterozygous S Beta 
Thalassemia Plus

S/B plus thalassemia
Hemoglobin S/B + 
thalassemia

One hemoglobin S gene and one 
hemoglobin beta thalassemia 
plus gene (HbS�E +-thalassemia)

Sickle Cell Trait  
(Not a form of SCD)

Sickle Trait
Hemoglobin AS

One hemoglobin A gene and 
one hemoglobin S gene (HbAS)
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73.1 cases per 1,000 African American newborns, 6.9 cases per 1,000 
Hispanic newborns, 3.0 cases per 1,000 Caucasian American newborns; 
and 2.2 cases per 1,000 Asian, Native Hawaiian, or other Paci�c Islander 
newborns (Ojodu et al., 2014). The total number of babies born with SCT 
in 2010 was estimated to be greater than 60,000 (CDC, 2018). Although 
SCD is relatively rare in the United States, there are millions of affected 
individuals across the globe.

The population living with SCD is concentrated along Southern and 
Eastern states in the United States (see Figure 1-4). This distribution has 
implications for access to care and state programming and policies. The 
map in Figure 1-4, which is based on a publication from almost 10 years 
ago, uses data estimated from newborn screening and therefore does not 
account for individuals with SCD born outside of those states or before 
universal newborn screening was implemented.

The mortality rate from SCD has historically been high, with most 
people not living past childhood due to a lack of access to proper care and a 
lack of treatment. However, in recent decades the mortality rate for children 
with SCD has been steadily decreasing, which can be attributed to preven-
tative services, such as pneumococcal vaccines and the use of prophylactic 
penicillin to prevent sepsis. The Centers for Disease Control and Prevention 

FIGURE 1-4  Geographic distribution of SCD by state using data derived from the 
National Newborn Screening Information System.
SOURCE: Reprinted from the American Journal of Preventive Medicine, 38 (4 Suppl), 
K. L. Hassell, Population Estimates of Sickle Cell Disease in the U.S., S512–S521, 
Copyright (2010), with permission from Elsevier.
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reported that SCD-related deaths for African American children aged 4 and 
younger decreased by 42 percent between 1999 and 2002 (CDC, 2017a). 
Despite medical advances, however, individuals living with SCD continue to 
experience barriers to access care and knowledgeable providers, and their 
average life expectancy remains 20–30 years lower than that of the aver-
age American (Lubeck et al., 2019; Piel et al., 2017). A recent simulation 
modeling study showed that projected quality-adjusted life expectancy for 
individuals with SCD was 33 years, compared with 67 years for the non-
SCD cohort (Lubeck et al., 2019).

Diagnosis of SCD

SCD can be easily diagnosed by blood testing. The classical blood test 
is hemoglobin electrophoresis, which identi�es and measures different types 
of hemoglobin, including HbS, in the blood (Mentzer and Wang, 1980). 
However, there are numerous other tests that are more suitable in speci�c 
situations or in determined subpopulations. For instance, most newborn 
screening programs employ high-performance liquid chromatography or 
isoelectric focusing to identify children with SCD (Naik and Haywood, 
2015). Typically, a positive result by newborn screening is followed by a 
con�rmatory test by the same or different method.

Prenatal diagnosis through chorionic villus sampling of fetal DNA 
and amniocentesis are also available (Mentzer and Wang, 1980; Yenilmez 
and Tuli, 2016). These tests may pose some risks and raise ethical and 
social concerns, as discussed in Chapter 3. Point-of-care diagnostic strate-
gies for SCD and SCT are being developed and may be particularly ad-
vantageous in settings with limited resources (McGann and Hoppe, 2017; 
Steele et al., 2019).

Clinical Complications and Comorbidities

RBCs harboring high levels of HbS have a shorter life span (approxi-
mately 20 days versus approxinately 120 days for normal RBCs), which 
results in hemolysis, the premature destruction of RBCs. Hemolysis in turn 
results in anemia when the production of RBCs cannot compensate for their 
premature destruction (NHLBI, n.d.). In recent decades, thanks to in vitro 
studies and mouse models of SCD, multiple mechanisms of disease have 
been elucidated. Because of hemolysis and other changes to the integrity 
of RBCs, SCD results in a chronic in�ammatory state that affects multiple 
other cell types. RBCs, white clood cells, platelets, and endothelial cells 
become hyperadhesive, causing them to stick to each other and to the walls 
of the blood vessels, thereby impeding blood �ow to the organs and caus-
ing ischemia (lack of oxygen) and infarction (death of tissues). Chronic and 
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acute ischemia and the rapid restoration of blood �ow lead to a cascade 
of downstream effects that predispose individuals with SCD to numerous 
complications (Sundd et al., 2019; Telen et al., 2019).

The severe, acute pain episodes that result from the sickling of RBCs 
and vaso-occlusion are known are the most common complication of SCD; 
however, SCD is also a complex multisystem disease, characterized by other 
acute and chronic clinical complications, which are discussed in Chapter 4.

Causes of Death for SCD Patients

Individuals in the United States with SCD have a life expectancy that 
is 30 years less than their same-ethnicity peers (Platt et al., 1994). While 
childhood mortality rates have declined to the point that 98 percent of chil-
dren now survive to at least age 18, one study found that adult (> 19 years) 
mortality rates increased at a rate of 1 percent per year during the study 
period (1979–2005) (Lanzkron et al., 2013). Early death occurs in all SCD 
genotypes, including the compound heterozygous sickle cell syndromes, 
particularly during the delicate transition period from pediatric to adult 
care (Blinder et al., 2013).

Advances in the science, treatment, and management of SCD have led 
to improvements in survival, with most children living to at least 18 years 
of age (Hulihan et al., 2017). Despite this progress, morbidity and mor-
tality remain high, especially among adults. A proportion of SCD deaths 
can be attributed to acute chest syndrome, stroke, pulmonary hyperten-
sion, and infection (Fitzhugh et al., 2005). However, a large proportion 
of deaths are sudden and unde�ned. A study of 306 autopsies conducted 
on patients with SCD found that almost 41 percent had experienced sud-
den and unexpected deaths (Manci et al., 2003). This incidence is slightly 
higher than that recorded in another study of 141 adults treated by a single 
physician at one institution. That study, which also used autopsy reports to 
determine the cause of death, classi�ed approximately 24 percent of those 
deaths as sudden. The leading causes of death were determined to be pul-
monary hypertension, renal failure, sepsis, thromboembolism, and cirrhosis 
(Darbari et al., 2015). In a recent study of 486 individuals identi�ed from 
the California SCD Data Collection Program who died at a median age of 
45 years, most were in the hospital (63 percent) and emergency department 
(15 percent), signaling that they may have been receiving care for an acute 
event that became life threatening (Johnston et al., 2020).

Health-Related Burden

Data from the Global Burden of Disease (GBD) project suggest that 
sickle cell disorders in the United States alone are annually responsible for 
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744 deaths, 29,284 years of life lost, and 3,984 disability-adjusted life-years 
(DALYs) lost (Coles and Mensah, 2017). In terms of DALYs, the burden 
of SCD on individual patients exceeds that of numerous other severe ill-
nesses, including Alzheimer’s disease, breast cancer, colorectal cancer, type 1 
diabetes mellitus, HIV/AIDS, leukemia,2 and stroke (Global Health Data 
Exchange—GBD Results Tool, 2019) (see Figure 1-5). DALYs measure the 
potential years of life lost due to premature death and the years of healthy 
life lost due to disease or disability (WHO, 2006a). Another way of think-
ing of DALYs is as the additional expected years of life and healthy years of 
life that a patient would have enjoyed if he or she had never been diagnosed 
with the disease in question.

Available data suggest that SCD imposes a signi�cant mortality and 
morbidity burden, but the quality and completeness of these data could be 
improved. Paulukonis et al. (2016) report SCD deaths using SCD surveil-
lance data and �nd that about half of them are not captured by government 
mortality databases. It is unclear whether SCD patients who are invisible 
to government statistics die at higher or lower rates than their peers. This 
uncertainty suggests the value of expanding existing SCD surveillance and 

2  This category includes acute lymphoid leukemia, acute myeloid leukemia, chronic lym-
phoid leukemia, and chronic myeloid leukemia.

FIGURE 1-5  Mean disease burden in the United States among individuals with 
certain diseases.
NOTE: DALY = disability-adjusted life-year.
SOURCE: Global Health Data Exchange, 2019.
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patient registries to capture more complete data on health-related burden 
and other key metrics of patient well-being.

United States Versus Global Burden

In 2006 the World Health Organization (WHO) declared SCD a global 
health issue and challenged countries to identify solutions to aid individu-
als living with the disease (WHO, 2006b). As mentioned before, available 
estimates indicate that 100,000 Americans currently have SCD. Globally, 
about 300,000 people are born with SCD each year (ASH, 2016; Thien 
and Thien, 2016). There are approximately 100,000,000 people worldwide 
who carry the SCT gene (ASH, n.d.). In some African countries, approxi-
mately 10–40 percent of the population carry the gene (ASH, 2016).

In developing countries, the burden of SCD is high; 90 percent of 
children do not live into adulthood (Sickle Cell Disease Coalition, n.d.). 
A systematic review conducted by Wastnedge et al. (2018) identi�ed 
67 studies (from literature published from 1980–2017) on incidence and 
mortality data in children under age 5. Africa experiences the highest SCD 
birth prevalence and mortality rate. The birth prevalence in Africa was 
1,125 per 100,000 live births, compared with 43 per 100,000 live births 
in Europe (Wastnedge et al., 2018). Mortality data for SCD in children 
are limited; only 15 of the identi�ed studies in the systematic review con-
tained mortality data. Wastnedge et al. (2018) reported a pooled estimate 
of mortality per 100 years of child observation of 7.30 for Africa, 0.11 for 
Europe, and 1.06 for the United States (Wastnedge et al., 2018). The 
burden of SCD has been decreasing in the United States, especially in chil-
dren; from 1999 through 2002 the mortality rate decreased by 68 percent 
for 0- to 3-year-olds, 39 percent for 4- to 9-year-olds, and 24 percent for 
10- to 14-year-olds (CDC, 2017a). The child survival rate has increased to 
94 percent in the United States. Even with this progress, the U.S. survival 
rate still lags behind the rate in Britain, which has a 99 percent survival rate 
for SCD, with an estimated median age of survival of 67 years (DeBaun 
et al., 2019; Gardner et al., 2016).

The economic costs associated with SCD also present a signi�cant 
burden. In the United States, from 1989 through 1993 the 75,000 hospital-
izations per year among people with SCD were estimated to cost $475 mil-
lion annually (Ashley-Koch et al., 2000). SCD-related costs in the United 
States have now risen to $2 billion per year (CDC Foundation, 2019). 
In developing countries, information on the economic burden is limited. 
Proper care management for SCD in the United States and internationally 
needs to be addressed in an effort to decrease mortality rates and medical 
expenditures.

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

INTRODUCTION	 33

PREPUBLICATION COPY—Uncorrected Proofs

THE SICKLE CELL PATIENT AND THE HEALTH CARE SYSTEM

SCD has long been considered a childhood disease because survival to 
adulthood was uncommon due to the high rates of fatal infections in early 
childhood. Efforts to understand and address the disease have thus been 
focused on the pediatric population, which has resulted in an improved sur-
vival into young adulthood; for example, between 1999 and 2002 mortality 
rates decreased by 42 percent among African American children under the 
age of 4, thanks in part to the introduction of a vaccine against invasive 
pneumococcal disease (CDC, 2017a). However, mortality and morbidity 
rates increase dramatically as individuals transition into young adulthood 
and adulthood, likely because there is no standardized system to appropri-
ately transition children into adult care. Other likely factors contributing 
to this increase are individuals’ lack of necessary knowledge and skills to 
make effective decisions about their care as they get older and their anxiety 
over receiving care from an unfamiliar provider (described in Chapter 6). 
Finally, health care personnel issues and resources play a role, as SCD-
expert-led, multidisciplinary health care teams focusing on comprehensive 
care appear to be more prevalent and accessible in pediatrics than in adult 
care (Treadwell et al., 2011).

The health care needs of individuals living with SCD have been ne-
glected by the U.S. and global health care systems, causing them and their 
families to suffer (Bahr and Song, 2015). Many of the complications that 
af�ict individuals with SCD, particularly pain, are invisible. Pain is only di-
agnosed by self-reports, and in SCD there are few to no external indicators 
of the pain experience. Nevertheless, the pain can be excruciatingly severe 
and requires treatment with strong analgesics. Individuals with SCD often 
face discrimination by health care providers who do not see visible signs to 
corroborate the reports of pain and, with the frequent recurrence of crisis, 
tend to characterize the repeat acute care visits by individuals with SCD, 
a majority of whom are African American, as “drug-seeking” behavior 
(Jenerette and Brewer, 2010).

The SCD community has developed a signi�cant lack of trust in the 
health care system due to the nearly universal stigma and lack of belief in 
their reports of pain, a lack of trust that has been further reinforced by 
historical events, such as the Tuskegee experiment, where researchers delib-
erately withheld treatment from African Americans with syphilis in order 
to track the progression of the disease (CDC, 2015). This pervasive disen-
gagement of an entire disease population from health care and research is 
partly responsible for the absence of new treatments to help improve care 
(Braveman and Gottlieb, 2014).

The neglect of SCD by the health care system extends to research into the 
natural history of the condition and the utility of different interventions as well 
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as to a lack of investigation into new treatments. There have been signi�cant 
disparities in research funding for SCD compared with similar rare genetic 
disorders of childhood, as discussed for cystic �brosis later in this chapter.

The decrease in survival rates for SCD following transition into adult 
care is fueled by the lack of evidence-based clinical practice guidelines 
across the life span, particularly for aging adults who continue to experi-
ence accelerated mortality. This has led to the current situation in which 
there is a pressing need to address treatment options for SCD, to improve 
the delivery of care and ensure optimal access to high-quality care with 
treatments to prevent subsequent morbidity and mortality, and to develop 
curative therapies. There is also an imperative to establish an informed 
workforce to apply these interventions.

POLICY MAKING AND FUNDING FOR SCD

Legislative Activity

Since the discovery of SCD, relatively few federal legislations with 
direct or indirect impact on SCD care, research, and funding have been 
enacted (see Figure 1-6).

The �rst landmark legislation for SCD was the National Sickle Cell 
Anemia Control Act of 1972 (Public Law 92-294), which authorized fund-
ing for screening and counseling programs, research programs for health 
care professionals, and medical training on SCD treatment and prevention. 
It also authorized the creation of comprehensive sickle cell research and 
treatment centers (Manley, 1984) and education clinics under the National 
Institutes of Health (NIH).

The Rare Diseases Act of 2002 (Public Law 107-280) was created to 
amend the Public Health Service Act; it authorized the creation of an Of-
�ce of Rare Diseases under NIH. The purpose of this act was to provide a 
national research agenda, to offer educational opportunities for researchers, 
and to increase the development of diagnostics and treatments for those 
with rare diseases such as SCD (Public Law 107-280).

In 2004 the American Jobs Creation Act of 2004 (Public Law 108-357) 
was signed into law, amending Title XIX (Medicaid) of the Social Security Act 
(SSA). Section 712 of the act authorized primary and secondary medical ser-
vices and treatment for individuals with SCD as medical assistance under the 
Medicaid program. It also directed the administrator of the Health Resources 
and Services Administration to conduct a demonstration program to develop 
and establish systemic mechanisms, including a national coordinating center, 
to improve the prevention and treatment of SCD. This act established the 
Sickle Cell Disease Treatment Demonstration Program, with the purpose of 
funding regional coordinating centers that would work to form networks that 
would support processes to improve and treat SCD (Public Law 108-357).
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In 2013 the Orphan Drug Act of 1983 (Public Law 97-414) was 
amended to address and encourage the development of drugs for people 
with rare diseases. This amendment provided clarity concerning the regula-
tory language used and suggested improvements for the drug designation 
process; drugs such as hydroxyurea that were previously only available to 
adults were made available to children. The amendment also paved the way 
for the development of Endari, the second drug approved for SCD by the 
U.S. Food and Drug Administration (FDA). In late 2019 FDA approved two 
additional drugs for SCD: Adakveo (crizanlizumab) and Oxbryta (voxelo-
tor) (Global Blood Therapeutics, 2019; Novartis, 2019). Figure 1-7 pro-
vides a timeline of all FDA approvals of drugs for treating SCD.

The most recent legislative action for SCD took place on December 18, 
2018, with the signing into law of the Sickle Cell Disease and Other Heritable 
Blood Disorders Research, Surveillance, Prevention, and Treatment Act of 
2018 (Public Law 115-327). That act amended part A of Title XI of the Pub-
lic Health Service Act to reauthorize HHS to support data collection on SCD 
and promote public health activities on heritable blood disorders. The legisla-
tion seeks to improve SCD treatment, research, monitoring, and prevention. 

Funding

Funding for SCD has historically been low and has decreased over the 
years. For example, appropriations for the National Sickle Cell Anemia Control 
Act of 1972 (Public Law 92-294) authorized $85 million, and the American 
Jobs Creation Act of 2004 (Public Law 108-357) authorized $50 million over 
5 years, for medical services and treatment for individuals with SCD.

It is also well documented that SCD receives less federal and private 
funding than other conditions. Some attribute this difference to the history 
of discrimination against the racial and ethnic minority population most 
affected by SCD (Haywood et al., 2014). Figure 1-8 compares NIH funding 
between 2008 and 2016 for SCD with its funding for cystic �brosis, which 
mostly affects white Americans and affects fewer people (approximately 
30,000). NIH funding for cystic �brosis was almost four times more than 
funding for SCD during the period under review ($2,847 for cystic �brosis 
versus $769 for SCD) (Farooq and Strouse, 2018). The funding difference 
was even more stark for funds from private foundations ($342 million 
for cystic �brosis compared with $6.4 million for SCD between 2008 and 
2012) (Farooq and Strouse, 2018) (see Figure 1-9).

KEY SCD ACTORS

There are several actors actively engaged in SCD research, treatment, 
and advocacy. This section provides a brief description of such actors, 
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including the federal and state governments, health care providers, payers, 
health professional associations, and industry as well as other stakeholders 
from the scienti�c community, advocacy groups, and patients and families 
(see Table 1-2).

ORGANIZATION OF THE REPORT

This report contains 9 chapters and 14 appendixes. Chapter 2 presents 
background information on the societal, individual, and environmental 

FIGURE 1-8  NIH funding for SCD versus CF.
NOTE: CF = cystic �brosis; SCD = sickle cell disease
SOURCE: Adapted from Farooq and Strouse, 2018.
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FIGURE 1-9  Foundation funding for SCD versus CF.
NOTE: CF = cystic �brosis; SCD = sickle cell disease.
SOURCE: Adapted from Farooq and Strouse, 2018.
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TABLE 1-2�Description of Sickle Cell Disease Key Actors

Stakeholder Description

Federal Government Federal agencies’ work in sickle cell disease (SCD) includes
�•�� The Centers for Disease Control and Prevention’s 

programs focus on collecting and tracking SCD statistics 
(see Chapter 3);

�•�� The Health Resources and Services Administration 
currently funds programs for children with inheritable 
disorders, such as SCD, including the Sickle Cell Disease 
Treatment Demonstration Program and the Newborn 
Screening Follow-up Program (see Chapter 3);

�•�� The National Institutes of Health (NIH), through the 
National Heart, Lung, and Blood Institute, conducts 
clinical trials and research and also funds extramural 
research on SCD and launched the Cure Sickle Cell 
Initiative in 2018 with the goal of accelerating the 
development of genetic therapies for SCD;

�•�� The U.S. Food and Drug Administration (FDA) is 
working with multiple stakeholders to accelerate the 
development of SCD treatments through a fast-track 
designation. FDA also gives certain drugs orphan status 
which designates them to be used for individuals with 
rare diseases (see Chapter 7); and

�•�� The Social Security Administration lists SCD as a 
condition eligible for Social Security Disability Insurance 
(SSDI) or Supplemental Security Income (SSI) and 
determines eligibility requirements for quali�cation (see 
Chapter 2).

Health Care Providers Health care systems, including multi-hospital systems and 
stand-alone community clinics, have programs that provide 
services to individuals with SCD. Large academic health 
systems, which are located primarily in urban areas, may 
run specialized sickle cell centers or clinics. A wide variety 
of health care providers, including doctors, nurses, and 
allied health professionals are also key to care delivery (see 
Chapters 5 and 6).

Payers Public and private payers, together with individuals 
with SCD and their families, bear the substantial costs 
associated with SCD care (see Chapter 2).

Health Professional 
Associations

Professional associations and organizations, speci�cally 
for medical specialties that often treat SCD patients such 
as the American Society of Hematology and the American 
College of Emergency Physicians, have e�orts to promote 
awareness of SCD and to provide ongoing education 
of members and other activities to improve care for 
individuals with SCD (see Chapter 6).

Industry Several pharmaceutical and biopharmaceutical companies 
are actively developing therapeutic products for SCD (see 
Figure 1-6 for approved SCD therapies and Chapter 7 and 
Appendix I for therapeutic products in development). 
Some of these companies also partner with stakeholders 
for advocacy and fund services for individuals with SCD 
and their families.
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TABLE 1-2�Continued

Stakeholder Description

Research Community Beyond federal agencies, other entities fund or conduct 
SCD research. A couple of examples are the Patient-
Centered Outcomes Research Institute, which has funded 
a robust portfolio of SCD projects (PCORI, n.d.) and the 
California Institute for Regenerative Medicine, which was 
created by the state of California to fund research on stem 
cell–based therapies for multiple diseases, including SCD 
(CIRM, n.d.). Researchers at several large academic medical 
centers are also actively conducting research and enrolling 
patients in clinical trials.

State Agencies Multiple state agencies, including departments of health, 
education, and social work, among others, run programs 
that bene�t individuals with SCD. The availability and 
types of such programs vary by state. Some states also 
have detailed state-level SCD action plans even though the 
status of the implementation of these programs is unclear, 
per publicly available information.

Patient Advocacy 
Groups and 
Community-Based 
Organizations

Patient advocacy groups and community-based 
organizations may function at the federal, state, local, or 
even community level and may take on various structures, 
such as virtual organizations or being based at a health 
care institution. The roles of these organizations also vary 
and are discussed in Chapter 8.

Patients and Families Individuals living with SCD and their families are integral 
to improving SCD care because of their lived experience 
with the disease. They have a role to play in SCD research, 
health care, and advocacy.

factors that affect SCD patients; the impact of SCD on mental health; the 
economic burden on people living with SCD and their families; and the 
distribution of both private and public insurance for patients. Chapter 3 
provides a detailed description of screening, registries, and surveillance. 
This chapter examines the importance of communication for screening 
results, the use of that data, the ethical implications of screening, and the 
limitations and strengths of using surveillance, screening, or registries. 
Chapter 4 summarizes management approaches for SCD care as it pertains 
to disease-modifying agents, therapies, the treatment of complications, 
mental health, non-pharmacologic therapies, psychosocial support, and 
disease self-management education. This chapter describes evidence-based 
strategies, the effectiveness of current therapeutics approaches, and the 
opportunities for maximizing the use of current resources and also summa-
rizes the available evidence on SCT. Chapter 5 reviews the organization and 
delivery of SCD care. This chapter delves into how and where people with 
SCD should receive care and what types of care they should receive, the 
issues with the transition from pediatric to adult care, what comprehensive 
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SCD care encompasses, and the geographic, �nancial, and socioeconomic 
barriers to care. Chapter 6 addresses the current state of quality of SCD 
care and the workforce needs to deliver high-quality care. This chapter 
provides details on the transition of care, the indicators for high-quality 
care, how to engage health care professionals, the attitudes of health care 
providers, and the opportunities for training programs for health pro-
fessionals. Chapter 7 centers on innovative and curative therapies. This 
chapter highlights the perspectives of those with SCD, current therapies, 
the process for clinical trials, reimbursement policies and lifetime costs, 
and the reform of health care delivery. Chapter 8 focuses on the landscape 
of patient organizations advocating for and providing services to the SCD 
population, community engagement, and the importance of education and 
awareness for people with SCD and the public. Chapter 9 presents the 
strategic plan and blueprint for action created by the committee to address 
SCD. The recommended actions detailed in the blueprint are linked to the 
�ndings and recommendations in the chapters.

The committee’s �ndings and recommendations are presented at the 
end of each chapter. The references used follow each chapter. Appendix A 
contains the agendas of the open meetings and a list of presentation topics. 
Appendix B describes the literature review strategy with the terms used 
by the National Academies library. Appendix C provides the committee 
and staff biographies. Appendix D details the results of a brief survey that 
the Association of Public Health Laboratories conducted on behalf of the 
committee. Appendixes E, F, and G give brief descriptions of the California 
SCD Data Collection Program, the 24-hour sickle cell program at Grady 
Memorial Hospital, and the Emory Adult Cystic Fibrosis Program Protocol, 
respectively. Appendix H provides information on SCD programs funded 
by the Health Resources and Services Administration. Appendix I lists select 
treatments that are currently under development. Appendix J provides in-
formation on other models for training hematologists. Appendix K provides 
a list of some of the community-based organizations and patient advocacy 
groups in the United States. Appendix L is a summary of the committee’s 
strategic plan and blueprint for action. Appendix M is a guide of the chap-
ters in this report that discuss SCT. Finally, Appendix N is a glossary of key 
terms used in the �eld of SCD and research and referenced in this report.
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2

Societal and Structural 
Contributors to Disease Impact

I grew up in West Africa, where having sickle cell disease is not 
something that is shared. You don’t go around telling people that you 
have sickle cell disease, even though it is not my fault that I have the 
disease. But it is a stigma attached to having that disease. You don’t 

go around telling people.

—Jenn N. (Open Session Panelist)

Chapter Summary

•	� In addition to disease-related factors, there are numerous sociocultural, 
environmental, individual, and economic factors that in�uence outcomes 
across the life span for those living with sickle cell disease (SCD).

• 	� Historically, the population a�ected by SCD has contended with 
racism and implicit bias within and outside the health care system; 
socially, they are stigmatized because of cultural beliefs and the lack 
of general understanding of the disease.

•	� Individuals living with SCD rely on certain coping mechanisms, includ-
ing religion and spirituality, which have been shown to have some 
positive e�ects. These personal strategies, combined with meaning-
ful policy and programmatic interventions, could help counter the 
sociocultural and economic burden of the disease.

• 	� While health needs take precedence, individuals living with SCD 
have non-health needs that should be addressed to improve overall 
outcomes for the population.
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INTRODUCTION

Chapter 1 highlighted the fact that the needs of those affected by sickle 
cell disease (SCD) have been overlooked by the health care system. How-
ever, these needs extend beyond the health care system itself. It is impossible 
to view SCD as simply a medical condition without an understanding of 
the sociopolitical and cultural context. In the United States, SCD dispro-
portionately affects African Americans, which has implications for health 
care access, delivery, and outcomes.

The experience of SCD is shaped by sociocultural factors, environmen-
tal factors, and socioeconomic factors, which can exacerbate the disease’s 
impact for people from racial and ethnic minority groups living with the 
disease. Because of systemic racism, unconscious bias, and the stigma asso-
ciated with the diagnosis, the disease brings with it a much broader burden. 
Socioeconomically, African American children living with SCD are more 
likely to be in a household below the federal poverty level (Boulet et al., 
2010). The additive effects of adverse health outcomes and the associated 
costs magnify the economic burden.

Complications associated with the disease may also affect the mental 
health of individuals living with SCD by increasing the risk of depression 
and overwhelming their coping reserves. For adolescents and children these 
effects may extend to educational achievement, and for adults they may 
extend to employment, thus affecting opportunities across the life span.

Environmental factors also affect the experience of people living with 
SCD. For example, children exposed to environmental hazards are more at 
risk for low cognitive functioning (Liu and Lewis, 2014). These exposures 
also contribute to comorbid conditions, such as asthma.

Despite the disproportionate burdens of living with SCD, many indi-
viduals are highly resilient. They develop strong coping skills and often 
have a strong spiritual or faith-based foundation. Individuals from cohesive 
families also have demonstrated resilience.

This chapter will discuss a variety of non-medical risk factors, describe 
how they affect individuals living with SCD, and explain the importance 
of and strategies for mitigating these risks as part of a comprehensive ap-
proach to addressing whole-person needs.

SOCIETAL FACTORS

A variety of societal factors tend to add to the burden of SCD. Those 
factors include the stigma associated with SCD, implicit bias, and rac-
ism. Given that most SCD and sickle cell trait (SCT) studies in the United 
States have focused on African Americans, the available evidence on the 
impact of these societal factors on other populations in the United States 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

SOCIETAL AND STRUCTURAL CONTRIBUTORS TO DISEASE IMPACT	 49

PREPUBLICATION COPY—Uncorrected Proofs

(the so-called “emerging populations”) is very limited. The discussion in 
this section therefore focuses primarily on the African American popula-
tion. As the body of literature on SCD in global populations increases, so 
should research with the emerging populations in the United States.

Stigma and Bias

Stigma is one of the burdens borne by individuals with SCD. Health-
related stigma refers to “a social process or related personal experience 
characterized by exclusion, rejection, blame, or devaluation that results 
from experience or reasonable anticipation of an adverse social judgment 
about a person or group identi�ed with a particular health problem” (Weiss 
and Ramakrishna, 2006, p. 536). Stigma may also have health-related im-
pacts if it results in individuals having limited access to bene�cial services 
because they are socially judged or excluded because of their identity, 
such as race and ethnicity, socioeconomic status, and sexual orientation 
(Weiss et al., 2006). Stigma can create serious barriers to care, intensify 
existing physiological symptoms, and impose a severe psychological bur-
den. Research has found that stigmatized individuals with SCD have de-
creased quality of life (QOL) and face numerous mental health challenges 
(Bediako et al., 2016; Wake�eld et al., 2017).

The stigma associated with SCD can be traced to various sources, 
including racism, disease status, socioeconomic status, and pain episodes 
that require treatment with opioids (Bediako and Mof�tt, 2011; Bulgin 
et al., 2018; Jenerette and Brewer, 2010; Wake�eld et al., 2018), and it can 
be expressed by family, friends, and medical professionals (Bulgin et al., 
2018; Wesley et al., 2016). In the United States, health care providers may 
ascribe negative characteristics to individuals living with SCD, such as la-
beling them as drug seekers (patients who use manipulative and demanding 
tactics to obtain prescription medication [Copeland, 2020]), which re�ects 
and exacerbates the stigma and compromises health care use and quality of 
care (Bediako and Mof�tt, 2011; Bediako et al., 2016; Bulgin et al., 2018; 
Jenerette and Brewer, 2010; Wake�eld et al., 2018). Many patients report 
experiencing social isolation and a fear of disclosing their disease status 
because of the stigma associated with the disease (Leger et al., 2018).

Internalized stigma can heighten individuals’ concerns about their em-
ployability and, if their disease status is known, affect their ability to in-
teract regularly with others. Stigma can also affect an individual’s use of 
health care and provider–patient interaction. SCD patients report fearing 
being viewed by providers as drug seekers and as seeking “unnecessary” 
pain treatment (Anderson and Asnani, 2013; Glassberg et al., 2013).

SCD-related stigma is a global problem. A study in Nigeria found 
that individuals with SCD who reported depressive or suicidal symptoms 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

50	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

often reported also having experienced stigma or discriminatory remarks 
(Ola et al., 2016). The psychosocial impact of stigma also includes the fear 
of being devalued or viewed as less worthy by others, including close friends 
and relatives. In Saudi Arabia, SCD patients reported having experienced 
stigma from health care providers, with some stating that they were called 
addicts for seeking treatment for their acute vaso-occlusive pain (Asiri et al., 
2017). Such experiences prompted some patients to seek consultations on-
line from international clinicians.

Stigma can also affect intimate relationships because of the fear of being 
viewed differently; the various physiological complications of SCD, such as 
pain episodes and delayed pubertal development, can magnify the effects of 
stigma on a relationship (Cobo et al., 2013). In India, a study of 52 adolescents 
(25 with sickle cell anemia, a speci�c form of SCD; 12 with SCT; and 11 with 
neither) found that stigma had tremendous impact on the QOL of the chil-
dren with SCD (Patel and Pathan, 2005). The children included in the study 
reported experiencing stigma and perceiving themselves to be a burden on 
their family. Furthermore, children with SCD—and, to a lesser extent, SCT—
were found to have a lower QOL across all domains: physical, cognitive, 
and psychosocial. Stigma was postulated as being a central factor causing the 
perceived lack of support and disinterest from teachers for students with SCD.

SCD stigma also affects non-black individuals with the disease. Ac-
cording to a study in New York, health outreach workers at a community-
based organization reported a perceived stigma associated with having an 
“African” disease among Dominicans and that family members requested 
that knowledge of their SCT status be kept within the family (Siddiqui 
et al., 2012). Perceptions of SCD as a “black disease” can cause Latinx 
people and other ethnicities to avoid accessing health care appropriately 
(Gallo et al., 2010; Siddiqui et al., 2012).

Implicit Bias

Unconscious bias, also known as “implicit bias,” refers to attitudes 
or stereotypes that are outside one’s awareness but that affect understand-
ing, interactions, and decisions (Staats et al., 2016). Individuals’ ability to 
quickly and automatically categorize people is a fundamental quality of 
the human mind. “Categories give order to life, and people group other 
people into categories based on social and other characteristics daily. This 
is the foundation of stereotypes, prejudice, and, ultimately, discrimination” 
(Teaching Tolerance, n.d.).

Researchers have found that all people harbor unconscious associations—
both positive and negative—about other people based on characteristics 
such as race, ethnicity, gender, age, social class, and appearance (Kirwan 
Institute, 2017). These associations may in�uence people’s feelings and 
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attitudes and result in involuntary discriminatory practices, especially under 
demanding circumstances (Kirwan Institute, 2017). Studies show that people 
can be consciously committed to promoting equal rights and opportuni-
ties for all while still harboring hidden negative prejudices or stereotypes 
(The Joint Commission, 2016).

Despite progress made against overt bias in medicine, unconscious 
biases still pose barriers to achieving a diverse and equitable health care 
system (White, 2011). Considerable research has con�rmed that uncon-
scious bias in health care delivery has detrimental effects on patient health 
outcomes (IOM, 2003).

The medical literature shows that a patient’s race can in�uence clinical 
decision making, including decisions to offer joint replacement, cardiovas-
cular interventions, and chronic and acute pain management (Katz, 2016; 
Mody et al., 2012; Wyatt, 2013; Zhang et al., 2016). Nelson and Hackman 
(2013) used a survey adapted from Centers for Disease Control and Preven-
tion’s 2008 Behavioral Risk Factor Surveillance System (BRFSS) and the 
Sickle Cell Transfer Questionnaire with speci�c questions regarding race, 
racism, and health care delivery in order to investigate the experience of 
perceived bias among patients, their families, and health care staff at the 
Sickle Cell Center at Children’s Hospital and Clinics of Minnesota. Half 
of the patients and their families responding to the survey (a majority of 
whom identi�ed as black) reported that they saw race as affecting health 
care, whereas less than one-third of staff (the majority of whom identi-
�ed as white) felt the same. Based on these �ndings, the authors suggested 
that providers’ unconscious attitudes contribute to continued health care 
disparities (Nelson and Hackman, 2013). A variety of efforts are under 
way to help reduce provider bias in health care, including the use of social–
cognitive psychology and outreach to minority communities (Burgess et al., 
2007; Joseph, 2018), but there is a need for studies that evaluate implicit 
bias against the SCD population.

Racism

Those affected by SCD often also face racism, which is related to but 
distinct from stigma and implicit bias. Racism is an overarching bias that 
is responsible for many barriers to SCD care and a social factor that must 
be addressed as part of a strategic plan for SCD. Because SCD is found 
mostly among black individuals globally, it is inevitably linked to racism 
and health inequity.

At the system level, racism manifests in the form of unequal levels of 
funding and national attention for SCD. One perceived impact of racism 
is lower funding support for SCD—and the resulting lessened research 
output—compared with diseases that affect predominantly white individuals, 
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such as cystic �brosis (Strouse et al., 2013). Bahr and Song (2015) argue 
that SCD should be considered a “neglected disease” based on WHO de�-
nitions, as structural violence imposed by racial and economic factors has 
led to stagnation in treatment advancements. Despite patient interest in 
participating in clinical trials, more attention is given to cystic �brosis and 
other diseases with a lower prevalence (Bahr and Song, 2015). A module 
embedded in the 2011 Cooperative Congressional Electoral Study to assess 
perceptions about SCD among participants and how these perceptions were 
associated with support for government spending on SCD found that white 
participants supported signi�cantly less funding for SCD than non-white 
participants did (Bediako and King-Meadows, 2016). This situation affects 
SCD treatment downstream in the form of stagnant research and develop-
ment and limited resources for treatment.

At the individual level, some providers express racial biases that result 
in offering a signi�cantly lower quality of care to African Americans and, 
by default, individuals living with SCD. There are both similarities and 
differences among countries with the unique burden imposed by racism. 
For example, in the United States it is nearly impossible to separate the ef-
fects of stigma from racism, as much of the literature does not distinguish 
between the two. Racism poses an additional burden on the individual 
and compounds the barriers to treatment and care. In countries with pre-
dominantly black populations, racism may still affect treatment, along with 
related factors, such as colorism or discrimination related to skin color or 
shade (Bulgin et al., 2018).

Racism and the Treatment of SCD Pain

Acute and chronic pain treatment is affected by racism at an individual 
level because of provider biases (discussed further in Chapters 5 and 7). 
The literature shows that many in the medical community hold false beliefs 
regarding biological differences in perceptions of pain between black and 
white patients. This perception dates back to the era of slavery (Savitt, 2002). 
Racist medical knowledge produced during the early 19th century about the 
black body in pain was used to reinforce existing racialized power structures 
and justify the U.S. slave system. Clinicians claimed that blacks were built 
to endure harsh labor conditions due to their limited emotional response 
capacity. This belief was part of a divisive racial biology that included claims 
that blacks possess a relative immunity to certain diseases and that they are 
less sensitive to physical suffering than whites (Hoberman, 2012).

These racist ideas about biological differences between black and white 
people still persist to a certain degree and affect modern medical prac-
tice. In a study of 121 participants with no medical training, the white 
participants (92 participants) rated the pain that black people would feel 
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across 18 scenarios (e.g., slamming a hand in a car door, hitting the head, 
or getting a paper cut) lower than what a white person would experience 
(Hoffman et al., 2016). Even white medical students and residents are not 
immune to these misconceptions and may harbor false beliefs about biologi-
cal differences between white and black bodies, some of which may relate 
to racial bias in pain perception (Hoffman et al., 2016).

As a result of these racist beliefs about pain, African Americans are more 
likely to receive a lower quality of pain management than white patients 
and may be perceived as having drug-seeking behavior. African American 
patients are signi�cantly less likely to receive pain relief than white patients, 
even with the same reported levels of pain (Burgess et al., 2006; Tait and 
Chibnall, 2014), and they may be prescribed fewer pain medications than 
whites (Green and Hart-Johnson, 2010; Hoffman et al., 2016). People living 
with SCD may have their pain exacerbated by the emotional distress of not 
being believed, excessive wait times to get pain relief, insuf�cient medica-
tion, and stigma related to health care use (Haywood et al., 2013).

The racism experienced by individuals with SCD coupled with the 
longstanding racism in health care and the historical medical exploita-
tion experienced by the African American population has contributed to 
a mistrust of providers among individuals and families affected by SCD 
(Stevens et al., 2016; Zempsky, 2010).

The few studies available allude to an association between the experi-
ences of racism and bias and the overall well-being of individuals with SCD. 
In a 2007 qualitative study, researchers questioned 10 women affected by 
SCD about their disease-related experiences of stress, perceived racism, and 
unfair treatment in the health care system and the workplace (Cole, 2007). 
These underlying risk factors are known to affect African American women 
to a greater degree, particularly when coping strategies or tools are limited 
(Cole, 2007). In a very small, nonrandom sample, eight women reported 
experiencing stress in the health care system, especially relating to their 
experience of pain. The women reported that experiences in the emergency 
department were a particular trigger for these feelings. As the author stated, 
“In order to help patients with SCD deal with depression and anxiety, we 
need to know the source of stress: Is it the disease, the living conditions of 
the patient, or both?” (Cole, 2007, p. 36).

Lack of Public Awareness

Although public awareness of SCD has increased in recent years, studies 
indicate that globally there are still signi�cant gaps in knowledge and that 
individuals living with the disease continue to face stigma. A cross-sectional 
study conducted in Uganda found that a majority of study participants had 
heard of SCD but did not know the causes or whether they had the disease 
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or trait. Close to 70 percent of study respondents stated that they would 
never marry a person with SCD, indicating high levels of stigma (Tusuubira 
et al., 2018). Another study of 20- to 32-year-old graduates from Nigerian 
tertiary educational institutions found a de�cit in knowledge about SCD 
transmission and their carrier status (Adewuyi, 2000).

In the United States, public awareness and misinformation follow simi-
lar trends. Individuals with SCD typically lack information about how it 
is inherited and their carrier status, although they are more likely to be 
informed if a family member also has the disease (Harrison et al., 2017; 
Siddiqui et al., 2012). Women are likely to be more knowledgeable than 
men. This may be because women are provided with genetic counseling 
during prenatal care (Adewuyi, 2000; Al Arrayed and Al Hajeri, 2010; 
Harrison et al., 2017; Siddiqui et al., 2012). There are efforts to improve 
national and international awareness of SCD such as the adoption of June 
19 as World Sickle Cell Day by the United Nations General Assembly and 
the designation of September as National Sickle Cell Month by the U.S. 
Congress. Despite these milestones, there is a need for activities and public 
education to promote widespread awareness of SCD and SCT.

INDIVIDUAL FACTORS

The effects of SCD vary based on its severity and a number of individual 
factors that affect how—and how effectively—an individual deals with 
SCD. These factors include health literacy, demographic variables, cognitive 
de�cits, mental health challenges (e.g., depression), and coping mechanisms.

Health Literacy Issues

Health literacy is the “degree to which an individual has the capacity 
to obtain, communicate, process, and understand basic health information 
and services to make appropriate health decisions” (IOM, 2004, p. 32). 
Factors such as language barriers, communication challenges, and cultural 
differences can in�uence health literacy within and across groups. Health 
literacy skills include recognizing critical symptoms, managing medications, 
and making decisions about treatments, as well as other important needs. 
One study found that most of the caretakers of individuals with SCT who 
received in-person education as part of the study interventions improved 
their SCT knowledge over a 6-month period. The caregivers who did not 
achieve high SCT knowledge after education were those who had lower 
health literacy at baseline (Creary et al., 2017). In a study of adolescents 
living with SCD, Perry et al. (2017) found that their health literacy scores 
were lower than expected for their respective average grades. Examples of 
poor health literacy range from misunderstanding providers’ instructions to 
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not understanding the biological bases of SCD or the importance of medica-
tion adherence. Although the �ndings do not suggest that SCD is the cause 
for poor health literacy, they could be indicative of a need to increase SCD 
health literacy in the affected population so as to increase adherence to treat-
ment, the likelihood of keeping appointments, and the ability to improve 
QOL and health outcomes (Adediran et al., 2016; Khemani et al., 2018).

The educational tools that are developed to improve health literacy 
should include information on not only SCD, managing medications, and 
making decisions about treatments, but also curative therapies, such as he-
matopoietic stem cell transplantation (HSCT), gene transfer, and genome 
editing. They should be culturally appropriate and written with the appro-
priate attention to literacy levels for laypersons. In considering HSCT as a 
potential option, for example, patients must undertake a complex decision-
making process that requires knowledge about disease-related complications, 
the availability of donors, relationships with caregivers, and numerous other 
factors (Khemani et al., 2018). Globally, knowledge about HSCT for SCD is 
low, indicating a need for educational tools aimed at increasing literacy on 
this topic among caregivers and patients as well as the general population 
(Adediran et al., 2016; Bugarin-Estrada et al., 2019). Interestingly, adequately 
informed patients tend to overestimate the effectiveness of HSCT, whereas 
patients and caregivers who lack information have less acceptance and belief 
in its ef�cacy (Adediran et al., 2016; Bugarin-Estrada et al., 2019).

Impact of Cognitive De�cits from Stroke and Anemia in the Population

Individuals with SCD have been shown to be at a higher risk for 
cognitive impairments according to a meta-analysis on the topic (Prussien 
et al., 2019). These impairments include reductions in attention, memory, 
language, and general cognitive function and may result from not only the 
highly prevalent stroke and silent cerebral infarcts but also from the impact 
of chronic illness and chronic anemia that reduce overall oxygen delivery 
to vital organs, including the brain. Even in individuals without a history 
of stroke or silent infarcts, cognitive de�cits are visible early in childhood, 
possibly because of the disruption of cerebral blood �ow. In studies examin-
ing various levels of cognitive function, individuals with SCD who had no 
history of stroke still performed worse on tests of cognitive function than 
controls (Kawadler et al., 2016; Prussien et al., 2019; Sanger et al., 2016). 
Tailoring interventions to address cognitive function early in childhood may 
increase cognitive capacity following overt strokes and could be included 
in the vocational rehabilitation services provided for adults with SCD, who 
may continue to experience silent cerebral infarcts.

Neurocognitive de�cits may have a positive feedback effect (causing 
symptoms to worsen faster). One study found that cognitive impairment 
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was related to adult SCD patients’ inability to adhere to hydroxurea ther-
apy (Merkhofer et al., 2016), which could further worsen physiological 
and psychosocial symptoms. Some researchers have theorized that poor 
adherence to treatment in older adults may stem from neurocognitive de�-
cits from early childhood that went unrecognized, such as impairments in 
episodic memory (Kawadler et al., 2016; Merkhofer et al., 2016). These 
early cognitive de�cits and impairments to processing may also be associ-
ated with an increased risk for unemployment later in life (Sanger et al., 
2016). Thus, a model for chronic care designed to preserve and optimize 
cognitive function should be implemented starting in early in childhood, 
with continued support across the life span.

One such model involves the use of community health workers (CHWs) 
to successfully manage chronic disease treatment and aid in self-management 
and positive decision-making behaviors targeted to support medically iden-
ti�ed cognitive de�cits (Hsu et al., 2016). CHWs have been integrated 
into several SCD programs in the United States, and they aid in �nding 
adolescents and young adults who have been lost to follow-up. Additional 
CHW-speci�c services include reminding patients to adhere to medical 
appointments and hydroxyurea treatment and helping families overcome 
social barriers to care. Although long-term follow-up will be necessary 
to fully examine the ef�cacy of CHWs, this model can be used to ensure 
continuous chronic care support for individuals with SCD and to reduce 
the negative behavioral and social impact of neurocognitive impairments.

Mental Health Impacts

The family carries with it that guilt of the gene, and that heaviness, 
and that feeling from generation to generation of surrender to this thing 

that is constantly disrupting life: the feeling of helplessness.

—Adrienne S. (Open Session Panelist)

Research studies show that adults and children living with SCD experi-
ence mental health impacts from the condition, as discussed in Chapter 4. 
These studies have focused primarily on assessing such variables as anxi-
ety, depression, coping, neurological complications, and QOL. The rest of 
the discussion in this section focuses on the mental health impacts of SCD 
on caregivers.

Adults who are providing care for children, adolescents, or life part-
ners living with SCD also face impacts on their mental health. Parents and 
caregivers may have an overall negative perception of their child’s QOL. 
Palermo et al. (2002) compared health-related quality-of-life (HRQOL) 
scores for children living with SCD to a sample of demographically similar 
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healthy children without SCD using the Child Health Questionnaire–Parent 
Report Form. Caregivers of children living with SCD reported that their 
children had more limited psychological and social well-being than care-
givers of healthy children reported for their charges. Caregivers of children 
living with SCD also reported to be more affected emotionally by their 
child’s health. Panepinto et al. (2005) compared HRQOL scores for chil-
dren living with SCD as reported by the children with the scores reported 
by their parents. Parents were more negative in their perceptions of health, 
self-esteem, and behavior of their children living with SCD than were the 
children themselves.

Caregivers of children with SCD were also reported to worry more than 
caregivers of children without the disease and to be more likely to have 
poorer mental health outcomes. Noll et al. (1998) compared the responses 
of 48 caregivers of children living with SCD to questions about their child-
rearing practices with the responses of 48 caregivers of comparison peers. 
Only two items, both pertaining to parental concern or worry, were signi�-
cantly different between the two groups of caregivers: “I worry about the 
health of my child” and “I don’t want my child to be looked upon as differ -
ent from others” (Noll et al., 1998). In a 2006 interview study of maternal 
caregivers of children living with SCD, mothers caring for children with 
SCD had higher depressive mood scores than mothers caring for healthy 
children (Moskowitz et al., 2007). The authors stated that “additional 
attention is warranted to developing adequate resources for caregivers of 
children with SCD to mitigate the stress of unexpected crises” (p. 64).

In a recent investigation of caregivers of adolescents living with SCD, 
based on focus group data, caregivers reported the perception of stigma 
about SCD across a variety of settings, such as academic, athletic, and 
medical settings (Wesley et al., 2016). Caregivers also reported internalized 
stigma and other negative feelings about the disease. Caregivers suggested 
more education for all individuals who work with children living with SCD 
and increased public awareness to improve the situation for individuals 
with SCD and their families (Wesley et al., 2016).

The mental health challenges experienced by caregivers for children liv-
ing with SCD are understudied. Additionally, interventions designed to ensure 
that caregivers have an adequate understanding of SCD are needed. Support 
groups, information about �nancial assistance, and strong relationships with 
health care providers could all assist in meeting the needs of caretakers.

Coping Mechanisms

Because of the variability of the SCD phenotype, individuals have ad-
opted different strategies for coping with the related physical and psycho-
social complications. Many studies have attempted to identify and classify 
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these strategies, which range from cognitive and behavioral strategies to 
religion and spirituality (Anderson and Asnani, 2013; Clayton-Jones and 
Haglund, 2016; Cotton et al., 2009; Gomes et al., 2019; Harrison et al., 
2005; Hildenbrand et al., 2015). One study, for example, examined the 
utility of Roth and Cohen’s “approach” versus “avoidance” coping frame-
work, which has been used to categorize coping strategies for individuals 
with chronic diseases to SCD (Hildenbrand et al., 2015). The approach 
model refers to strategies that directly deal with or mitigate a stressor, 
whereas the avoidance model includes strategies that attempt to distance 
the individual from a stressor. The study found that children with SCD and 
their parents use both “approach” and “avoidance” strategies to manage 
disease-related stressors, including pain episodes.

Cognitive behavioral therapy (CBT) is one effective method that has 
been used to help the SCD population reduce health care usage for pain 
and minimize the disruptions in their daily activities caused by pain (Schatz 
et al., 2015). CBT interventions typically involve psychoeducation, distrac-
tion strategies, and coping mechanisms. Recent studies show that intro-
ducing a CBT intervention through smartphone technology could increase 
coping skills and reduce SCD-related complications in children (Palermo 
et al., 2018; Schatz et al., 2015). Because the majority of pain episodes in 
children are typically managed at home (Yang et al., 1997), an easily acces-
sible technology, such as mHealth, may be bene�cial for promoting positive 
coping strategies. Cognitive and behavioral coping strategies have also been 
used by individuals living with SCD in Jamaica to reestablish control over 
their response to SCD, others’ responses to SCD, and the physical manifes-
tations of SCD (Anderson and Asnani, 2013).

In addition, individuals with SCD may develop various coping strate-
gies and adaptive behaviors on their own to respond to their stressors. A 
study of adolescents found that building self-esteem, drawing on family 
support, and strengthening relationships with parents were key adaptations 
to SCD (Ziadni et al., 2011). Furthermore, as adolescents learned to self-
manage their symptoms, their perceived self-competence and self-reliance 
increased. Understanding how individuals with SCD naturally develop 
their own coping strategies could aid in tailoring interventions to work in 
conjunction with natural adaptive behaviors.

Spirituality and Religiosity

Spirituality has been found to be a powerful coping mechanism for 
individuals with SCD, and struggles with spirituality and faith have been 
associated with poor mental health and psychological outcomes (Adegbola, 
2011; Adzika et al., 2016; Bediako et al., 2011; Clayton-Jones and Haglund, 
2016; Clayton-Jones et al., 2016; Harrison et al., 2005). Spirituality may 
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allow individuals to decrease negative attitudes and mental states, such 
as fatalism and hopelessness, which are known to be key factors in pain 
perception, to be associated with poor self-ef�cacy, and to further com-
pound issues in chronic care management (Adegbola, 2011; Jenerette and 
Murdaugh, 2008; Jenerette et al., 2005). Because of the power of religion 
as a support and coping mechanism and its cultural importance in navigat-
ing community and identity, individuals with SCD may �nd it useful to 
explore its bene�ts.

Managing SCD requires a holistic approach aimed both at decreasing 
hospitalizations and symptoms and increasing the overall QOL (Adegbola, 
2011). Patients’ self-reported religious coping is associated with fewer 
hospital admissions and decreased pain perception (Bediako et al., 2011; 
Harrison et al., 2005). It has been theorized that religion works by in-
creasing access to social support, psychological resources, positive health 
behaviors, and a sense of coherence (Harrison et al., 2005). A study of 
adults living with SCD in Ghana revealed that strategies for coping with 
SCD included attending a place of worship and praying and that SCD pain 
was the main reason for using these strategies (Adzika et al., 2016). A 
2015 review of the literature on the roles of spirituality and religiosity in 
adolescents and adults living with SCD con�rmed that they are sources of 
coping associated with enhanced pain management and improved health 
care use and quality of life (Clayton-Jones and Haglund, 2016). Nonethe-
less, few studies have examined the effects of spirituality and religiosity on 
SCD outcomes. More work is needed to understand their in�uences on SCD 
experiences and outcomes in diverse populations. Efforts may need to be 
directed at engaging and educating religious leaders in order to understand 
their potential role in increasing the coping ability of individuals with SCD 
and other serious illnesses through spirituality.

Other Protective Factors

Researchers have found that a number of other factors can protect 
against various harms associated with SCD. For instance, Ladd et al. (2014) 
found that high family cohesion, as measured by the Family Environment 
Scale via interviews with parents, was positively correlated with a lower 
likelihood for grade retention and might protect children with SCD against 
poor academic achievement. Thus, a positive family environment can serve 
as a protective factor for these children.

As described earlier in this chapter, Ziadni et al. (2011) looked at 
self-report data from 44 adolescents to consider the links among stress-
processing variables (appraisals of hope and pain coping), QOL, adap-
tive behaviors, and coping strategies. Low QOL scores were signi�cantly 
associated with less adaptive behaviors, while appraisals of hope were 
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signi�cantly associated with more adaptive behaviors. The authors con-
cluded that “stress processing variables (coping and appraisals), essential 
to successful adaptation to the demands of sickle cell complications and 
disease course” (Ziadni et al., 2011, p. 341), are important elements of 
resilience for such adolescents.

ENVIRONMENTAL FACTORS

In addition to societal and individual factors, environmental factors 
also contribute to the variability in how SCD manifests clinically; how-
ever, the exact roles that such factors play in in�uencing symptoms and 
complications are not well understood. Environmental factors range from 
the physical, such as climate and temperature, to the socio-environmental, 
such as place of residence and discrimination. These factors are often inter-
related. For instance, residential area is correlated with factors such as air 
quality, socioeconomic status, school and work environments, and access 
to healthy foods.

Studies have found exposure to cold or wind to be correlated with 
higher incidences of pain crises and emergency admissions (Tewari et al., 
2014, 2015). Residential area also in�uences SCD symptoms. A study in 
Jamaica found that urban patients who lived closer to factories had more 
severe respiratory events and pain crises than rural patients (Asnani et al., 
2017). Severe outcomes were associated with higher poverty and living fur-
ther away from health care services. Place of residence not only in�uences 
access to care but also is related to such factors as socioeconomic status and 
exposure to pollutants that can initiate or exacerbate common comorbid 
conditions, such as asthma. Furthermore, socioeconomic stress, �nancial 
struggle, and poor parent and family functioning are associated with cogni-
tive de�cits in children (Bills et al., 2019; Yarboi et al., 2017). Additional 
studies are needed to explore modi�able socio-environmental factors and 
their association with cognitive function and long-term outcomes.

Leg ulcers are one of the most debilitating SCD complications; these 
are recurrent wounds that appear near the ankles and are challenging to 
manage for both patients and providers. A cyclical mechanism to explain 
ulcer formation, proposed by Minniti and Kato (2016), involves malnutri-
tion and underlying vascular damage leading to in�ammation and bac-
terial colonization. Environmental stress, discrimination, and depression 
can all contribute to heightened pain sensitization and increased in�am-
mation, leading to further ulcer growth and inhibiting healing processes 
(Minniti and Kato, 2016).

Efforts to improve quality of life and outcomes for individuals living 
with SCD must include attention to environmental contributors, which in 
general are more amenable to change than molecular and other biological 
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contributors. Harnessing public will and working with community-based 
organizations, urban/city planners, and government agencies (e.g., the U.S. 
Department of Housing and Urban Development) could be effective in ad-
dressing key environmental risk factors.

THE BURDEN OF SCD

Many individuals with SCD are twice burdened: �rst, by a debilitat-
ing health condition and, second, by socioeconomic disadvantage. African 
American children with SCD are about one-third more likely (47.8 percent 
versus 34.7 percent, p < 0.05) than other similarly aged African American 
children to reside in a household that lies below the federal poverty level 
(Boulet et al., 2010). While the study authors offer no explanation for this 
disparity, the �ndings suggest that socioeconomic status could have impor-
tant implications for access to care and use of treatment for children with 
SCD. Thus, even if the disease imposed no additional economic burdens, 
children with SCD would, on average, be disadvantaged by their poorer 
socioeconomic status. The disease itself results in a range of adverse health 
outcomes that affect daily functioning and potential early mortality. This re-
sults in a constellation of disparate problems that contribute to the burden 
of the illness, which implies that an equally wide range of policy instru-
ments must be deployed in response. Health insurance, disability insurance, 
employment accommodation, school-based interventions, and medical in-
novation all must play a role in addressing the SCD burden.

Health Care Cost Burden

One major part of the economic burden of SCD is the additional health 
care costs imposed on individuals and families, which are so high that they 
represent a major �nancial burden on most families. Some families are not 
able to pay for it all, which results in leaving some aspects of the disease 
untreated.

The Magnitude of the Health Care Cost Burden

Individuals living with SCD often have considerable unmet health 
needs, even compared with patients with other serious illnesses. They and 
their insurers also face substantial �nancial costs for the health care that 
they can access. Using data from individuals enrolled in the Florida Medic-
aid program during 2001–2005, researchers estimated that the lifetime cost 
per SCD patient with Medicaid coverage exceeds $460,000 for SCD-related 
and non-SCD-related health care use (Kauf et al., 2009). Given the in�a-
tion in medical prices since 2009, it seems probable that updating this 
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decade-old estimate would result in a current cost of more than $700,000.1 
The Florida Medicaid data suggest that the total annual health care costs 
ranged from $10,704 for the youngest patients (under age 10) to nearly 
$31,000 for those aged 50–64 (Kauf et al., 2009). Even this is likely an 
underestimate, considering that Medicaid spending per patient is typically 
less than that for commercial payers, and Medicaid covers patients for only 
a portion of their lives (i.e., the low-income, elderly, and individuals with 
disabilities are covered) (Clemans-Cope et al., 2016; Rudowitz et al., 2019). 
For both of these reasons, Medicaid data will typically fail to re�ect the full 
lifetime cost burden borne by a cohort of SCD patients.

According to an analysis using SCD epidemiological and claims date, 
third-party commercial insurers paid approximately $3 billion for SCD-
related charges in 2015; more than half was attributable to inpatient costs 
(more than $15,000 per patient), and more than one-third to outpatient 
costs (more than $10,000 per patient) (Huo et al., 2018).

Another study estimates that lifetime cost per SCD patient, assuming 
a 50-year life expectancy could be as high as $8,747,908 (not accounting 
for in�ation) (Ballas, 2009). This amount was estimated from the true cost 
(charges) of care for SCD, as opposed to amount reimbursed by insur-
ers. The author also notes that this estimate does not include the costs of 
expensive procedures such as iron chelation therapy and blood exchange 
transfusion for stroke patient, which occur repeatedly over the lifetime of 
an individual with SCD.

Truven Health MarketScan® data on Medicaid and commercial health 
insurance plans suggest that children with SCD annually accrue more than 
$11,000 on Medicaid plans and nearly $15,000 on commercial health plans 
(Mvundura et al., 2009). These costs are estimated to be approximately 
6 and 11 times the costs incurred by children without SCD on Medicaid 
and commercial health plans, respectively (Amendah et al., 2010).

Health care costs are borne by patients and their health insurers. Among 
patients with commercial insurance, SCD is estimated to be associated with 
approximately $1,293 in additional annual out-of-pocket expenditures 
(Huo et al., 2018). The �nancial burden is expected to be even higher for 
uninsured patients and to worsen with age as chronic end organ damage 
accumulates. Young adults with SCD are a particularly vulnerable group; 
they face a high risk of being uninsured when transitioning from child to 
adult insurance arrangements. Constructing and implementing registries 
with long-term follow-up could provide more robust evidence of how SCD 
patients transition across health insurance status over the life-course and 
true lifetime costs of care.

1  Estimate based on SCD committee’s analysis.

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

SOCIETAL AND STRUCTURAL CONTRIBUTORS TO DISEASE IMPACT	 63

PREPUBLICATION COPY—Uncorrected Proofs

Mitigating Poor Health Outcomes and the Health Care Cost Burden

Even the best managed SCD patient populations will suffer worse 
health outcomes than their typical non-SCD counterparts. Thus, eliminat-
ing the health-related burden of SCD will require medical innovation, a 
topic addressed later in this report. However, the evidence suggests that 
gains can likely also be made by using today’s medical technologies more 
widely and appropriately.

SCD is a rare disease in the United States, affecting only about 100,000 
individuals (Hassell, 2010). The small size of this population—compared 
with the more common chronic conditions in health care—makes it dif�cult 
to conduct empirical analyses that indisputably measure the effects of real-
world policy interventions within this group. For example, it is impractical 
to demand natural experimental or randomized data on a range of plausible 
real-world interventions because there are too few patients to support such 
a body of evidence. Instead, policy makers will need to base their decisions 
on a body of suggestive studies rather than a handful of de�nitive ones.

A key question is whether expanding access to health insurance and the 
breadth of services covered can improve health outcomes. There is limited re-
search in the SCD population with which to answer this question; the broader 
health economics literature reports mixed evidence regarding the ability of 
health insurance to improve health outcomes. While there are indisputable 
bene�ts in the form of greater �nancial security, there is relatively little evi-
dence that health insurance coverage actually causes gains in health (Baicker 
and Finkelstein, 2011; Finkelstein et al., 2012; Levy and Meltzer, 2008). 
However, patients with chronic, severe diseases are an important exception. 
Research suggests that health insurance access can decrease the likelihood of 
death for patients with serious illnesses, such as HIV (Goldman et al., 2001). 
Thus, it is worth considering the idea that health insurance will improve 
health outcomes for those severely ill with SCD. Medicaid expansion, which 
has increased access to insurance for millions since the implementation of the 
Patient Protection and Affordable Care Act (ACA), is associated with greater 
access to care, more preventive care, and improved chronic disease manage-
ment (Gruber and Sommers, 2019). Researchers caution, however, that these 
are process measures that may not actually affect health state (Allen and 
Sommers, 2019; Gruber and Sommers, 2019). In reviewing evidence from 
multiple studies, researchers found that a few studies found evidence that 
Medicaid expansion has been associated with improved health in low-income 
U.S. residents as measured by self-reported health, acute and chronic disease 
outcomes, and mortality reductions (Allen and Sommers, 2019).

The available evidence speci�c to SCD patients demonstrates that 
health insurance status clearly affects access to care. Research using the Na-
tionwide Emergency Department Sample—a sample of emergency depart-
ment (ED) visits—found that insurance affected whether SCD patients were 
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admitted to the hospital when presenting at the ED (Krishnamurti et al., 
2010). Insured patients were about 50 percent more likely (42.3 percent 
versus 30.5 percent) to be admitted. Among the insured, the commercially 
insured were the most likely to be admitted, followed by those insured by 
Medicaid and those insured by Medicare (45.4 percent, 42.0 percent, and 
39.9 percent, respectively) (Krishnamurti et al., 2010).

While this evidence does not de�nitively prove a causal link between 
health insurance and health outcomes, there are at least two possible expla-
nations, both of which suggest a role for health insurance as a policy lever. 
First, uninsured patients may be denied access to clinically appropriate in-
patient care. This would be true if they either avoided presenting to the ED 
with acute exacerbations or, when they did arrive, they were similar in health 
status to the insured patients. If so, this would suggest that health insurance 
can expand access to appropriate care. On the other hand, uninsured pa-
tients may be using ED visits for less acute episodes, which would normally 
be handled by a routine source of care. If so, then the logical conclusion 
would be that insurance promotes access to routine care for SCD patients. 
This latter interpretation is indirectly supported by a study of California ED 
data (Wolfson et al., 2012), which found that patients living farther from a 
comprehensive SCD care provider ended up with more ED visits but a lower 
likelihood of inpatient admission in the wake of the ED visit.

There is also evidence for an underlying causal mechanism linking insur-
ance status with health outcomes in the SCD population. First, insurance af-
fects access to HSCT. Commercially insured patients were nearly three times 
as likely to receive HSCT as Medicaid and uninsured patients (Anand et al., 
2017). A review of state Medicaid websites reveals that these programs are 
more likely to restrict HSCT coverage in various ways, including limiting 
coverage of donor search and standard transplant indications and imposing 
ceilings on the number of inpatient days allowed (Preussler et al., 2014). 
Bone marrow transplantation exhibits qualitatively similar patterns. Among 
transplant centers, 45 percent and 30 percent faced considerable issues with 
Medicaid and Medicare reimbursement rates, respectively. Issues with com-
mercial payers were present but were less prevalent and severe (Silver, 2015).

This evidence suggests that access is best for commercial payers, next 
best for Medicare patients, and worst for Medicaid patients. While the lit-
erature contains no speci�c comparisons between patients with Medicaid 
and uninsured patients, this is likely due to low rates of uninsurance and 
the resulting small sample sizes—as discussed below, uninsurance rates 
are 1–7 percent, depending on the age group. Insurance status appears to 
covary with mortality rates in much the same way that it covaries with ac-
cess. In an inpatient sample, uninsured patients and Medicaid patients were 
more likely to develop complications and die than were Medicare patients 
(Perimbeti et al., 2018). For example, uninsured patients were 3.5–7 times 
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more likely to die from their complications than Medicare patients. This 
study controlled for demographic factors available in inpatient data, includ-
ing race, age, sex, income, and comorbidities. Confounding from unobserv-
able disease severity remains an issue, however.

Adverse outcomes for Medicaid patients are of particular concern, 
because Medicaid likely covers the majority of SCD patients. National 
estimates on health insurance coverage for SCD patients are not available 
in the literature (CDC, 2019). However, surveillance data from California 
shared by the CDC Foundation with the committee provides some relevant 
insight. Among the sample of SCD patients who visited EDs in 2016, 
56 percent had Medicaid, 21 percent had Medicare, 16 percent had com-
mercial insurance, 4 percent were uninsured, and the remaining 3 percent 
had other types of coverage.2 These data will be used to inform the below 
discussion of insurance status, with the caveat that the discussion is limited 
to the California ED population. This is another potential application of 
sickle cell registry data.

While the estimated 4 percent rate of uninsurance in the California 
ED population is below the national average, which was 10 percent for all 
Americans in 2016 (Tolbert et al., 2019), the fact that 1 out of every 25 
of SCD patients lacks health insurance is still a concern. In addition, the 
average �gure blurs differences across age groups. Wider access to Med-
icaid among children and to Medicare among older people often leaves 
other adults behind. The rates of uninsurance are 2 percent, 1 percent, and 
1 percent for people under 10, 10–19, and over 60, respectively. On the 
other hand, 7 percent of 40- to 49-year-olds are uninsured, as are 4 percent 
of 20- to 29-year-olds, despite the ACA provisions that make it easier for 
young adults to remain on their parents’ health insurance.

The rate of uninsurance for the SCD population is expected to vary 
nationwide. Using the California estimates, public insurance continues to 
be the highest source of insurance for this population, and most of the 
southern U.S. states, which have the highest estimated number of individu-
als with SCD, have not expanded Medicaid eligibility per provisions in the 
ACA (see Figure 2-1). It is worth noting that Medicaid insurance coverage 
is determined by the Social Security Disability Insurance and Supplemental 
Security Income criteria, which are structured to required “disability” as 
a prerequisite for coverage, as discussed later in this chapter. This causes 
various problems as it precludes an individual from participating in the 
employment sector and being covered by Medicaid at the same time, thus 
contributing to the economic burden borne by the individual.

2  Analysis derived from surveillance data for California for 2010–2016, shared with the 
committee by the CDC Foundation’s Sickle Cell Data Collection program.
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FIGURE 2-1  Estimated number of individuals with SCD across the United States 
and Medicaid non-expansion states.
NOTE: SCD = sickle cell disease.
SOURCE: Reprinted and modi�ed from Hassell, 2010, with permission from 
Elsevier. Medicaid expansion data from KFF, 2019.

Taken as a whole, the evidence suggests that health insurance affects 
access to particular therapies, correlates with access to health care facili-
ties, and correlates with mortality and outcomes in the same direction. It is 
not possible to rule out that poor health outcomes among, say, Medicaid 
and uninsured patients result from the patients’ greater disadvantage status 
rather than from their insurance status. However, because health insurance 
affects access to effective therapies, it seems plausible that health gains 
could be made by expanding coverage.

Alongside its effects on health outcomes, health insurance also pro-
vides �nancial protection against catastrophic medical spending. Ran-
domized evidence from the Oregon Medicaid experiment suggests that 
generous Medicaid coverage substantially reduced the likelihood of ben-
e�ciaries going into debt or skipping other bill payments in order to af-
ford their medical care (Baicker and Finkelstein, 2011). While the Oregon 
experiment was not speci�c to SCD, it is plausible to believe that the ben-
e�ts might be even larger for families facing SCD than for a representative 
sample of Oregonian families at or near Medicaid eligibility. Expanding 
the generosity of health insurance coverage (e.g., by reducing copayments, 
cost-sharing, and deductibles) would almost certainly improve �nancial 
security and ameliorate the social and psychological burden for families 
affected by SCD.
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Economic Burden Beyond Health Care Costs

Because SCD is a debilitating disease that impairs functional status, af-
fected individuals experience adverse effects on employment and education, 
which magnify the underlying health burden. The following discusses the 
magnitude of this burden and potential ways to mitigate it.

Disruptions in Employment

The committee could not �nd national estimates for unemployment 
rates in the SCD population. According to Sanger et al. (2016), various 
studies report that approximately 28–52 percent of individuals with SCD 
are unemployed. This proportion is substantially higher than the U.S. un-
employment rate of 3.6 percent as of January 2020 (BLS, 2020). Several 
studies have researched the impact of SCD on employment. Sanger et al. 
(2016) considered the hypothesis that unemployment is related to cognitive 
de�cits. The authors reviewed the charts of 50 individuals living with SCD 
for employment status and intelligence (as measured by the Wechsler Adult 
Intelligence Scale). The authors found an unemployment rate of nearly 
half (44 percent) and an association between lower educational attainment 
and higher odds of unemployment. It is unclear whether this link is due 
to cognitive impairment as a result of SCD, although the authors suggest 
that this may contribute to the risk of unemployment and argue for speci�c 
education and vocational services to be made available.

Idowu et al. (2013) compared 20 patients living with SCD to non-SCD 
siblings. Each patient completed a series of questionnaires about employment 
history and also answered questions concerning a sibling’s employment his-
tory. The authors found that 75 percent of the siblings were employed (15 out 
of 20) but that only 20 percent of the individuals living with SCD were em-
ployed (4 out of 20). Fourteen of the individuals living with SCD received 
disability bene�ts, and 14 out of the 16 individuals with SCD who were not 
employed expressed a desire to have a job. The authors concluded that SCD 
has a major negative impact on successful employment, and they argue for 
developing workplace assistance interventions.

The treatment of SCD can also affects employment status. Ballas et al. 
(2010) compared employment status and changes therein for individuals 
receiving and responding to hydroxyurea, individuals who did not respond 
to the treatment, and a placebo group, all participating in a multi-center 
study of hydroxyurea for treating SCD. Although there were no statisti-
cally signi�cant differences in employment among the groups, there was a 
general trend indicating more consistent employment in the hydroxyurea 
group. The authors postulate that the lack of a signi�cant difference be-
tween the treatment and placebo groups could also be attributed to the 
fact that most of the enrolled study participants had moderate to severe 
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disease with signi�cant complications. The authors conclude that “it would 
be attractive to hypothesize that future treatment of young patients with 
hydroxyurea could prevent or mitigate the incidence of complications of 
sickle cell anemia and, hence, improve the employment status of treated 
patients” (Ballas et al., 2010, p. 999).

The ability to successfully gain and maintain employment is an impor-
tant factor in adult mental health. The Of�ce of Disability Employment 
Policy in the U.S. Department of Labor offers guidelines for workplace 
accommodations for individuals living with SCD (JAN, 2019). These ac-
commodations may include a �exible schedule that allows the individual 
to receive necessary medical treatment, an adjustable workstation, and an 
aide, if needed.

Facilitating employment can be a positive factor in managing health 
care use. Williams et al. (2018) followed 95 individuals living with SCD 
prospectively and found that employment was signi�cantly associated with 
decreased health care interactions. Additional interventions to assist indi-
viduals in seeking employment are needed. Educational interventions for 
potential employers could also make a difference. This is an area for more 
public investments in research.

An additional factor to consider is that the mortality burden of SCD 
reduces lifetime income. A recent study estimates that premature mortality 
alone decreases lifetime earnings by about 40 percent; lifetime income is cal-
culated to be $1.2 million for individuals living with SCD but $1.9 million 
to $2 million for matched controls (Agodoa et al., 2018).

Family caregivers also experience de�cits in employment and income. 
They are burdened by the time they spend on diagnostic procedures, medi-
cation administration, care for in-dwelling tubes, and skin care (Moskowitz 
et al., 2007). Comprehensive estimates of time costs are not available for the 
SCD population speci�cally, but a study on children with special health care 
needs found that family caregivers for such children spend an average of 
260 hours per year3 on caregiving (Romley et al., 2017). This time commit-
ment is estimated to be worth $3,200 per child per year (in 2015 dollars). 
Improving health insurance access and generosity might address out-of-
pocket spending burdens, but there are few �nancial instruments available 
for insuring patients against this considerable time cost of caregiving.

Educational Attainment

Perhaps due to the combined effects of socioeconomic status and the 
disease itself, children with SCD have poorer educational outcomes than 

3  Approximately 5.6 million U.S. children with special health care needs received 1.5 billion 
hours annually of family-provided health care.
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those without it. Depending on the severity and location of ischemic in-
jury from strokes in SCD, overall intellectual capacity may be adversely 
affected as well as subdomains of attention and executive function, lan-
guage, memory, and visuomotor skills (Berkelhammer et al., 2007; Boulet 
et al., 2010). Ladd et al. (2014) studied the neurocognitive effects due 
to strokes from SCD on poor academic performance using a nationally 
representative sample of 370 children and adolescents with SCD. The 
researchers assessed academic achievement via the Woodcock-Johnson 
tests of cognitive abilities and grade retention history. Parental reports 
indicated that 19 percent of the youth had been held back for at least 
one grade. Low math achievement and low reading achievement were 
both related to a higher likelihood of grade retention. Children with SCD 
may also experience higher rates of school problems because they dispro-
portionately come from low-income, minority families; both factors that 
have been shown to confer independent risk for poor outcomes (NRC and 
IOM, 2000). This increased risk for academic dif�culties may make chil-
dren with SCD eligible for special educational assistance. Nearly one-third 
of children with SCD must repeat a grade or require special education 
services; this is more than double the corresponding rates for their non-
SCD peers (Schatz, 2004). Herron et al. (2003) reported that in a sample 
of 26 high schoolers living with SCD in the St. Louis area, only 4 were on 
target to graduate on time. The authors surmised that these students were 
receiving inadequate educational support. A brief description of a second 
study of 39 students (Herron et al., 2003) reported that 28 percent had 
been held back for at least one grade. However, research on the ef�cacy 
of grade retention indicates that it is not an effective educational strategy 
(Peixoto et al., 2016). Additional resources may be needed to improve 
educational outcomes (Epping et al., 2013). A recently settled lawsuit 
was �led against Boston Public Schools to force the schools to provide 
more services for students with SCD, especially tutoring to keep up with 
classes (Irons, 2018).

Children with SCD are often ill and miss school. A number of studies 
have examined relationships between attendance and school performance 
among children living with SCD. Schwartz et al. (2009) assessed medical 
and school records and had 40 12- to 18-year-olds complete a series of 
self-reported measures of psychosocial functioning. They found that more 
than one-third (35 percent) had missed at least 1 month of school. Overall, 
these youth missed an average of 12 percent of the school year. Absentee-
ism was signi�cantly associated with the health variables and psychosocial 
measures. The authors conclude that school absenteeism remains a signi�-
cant problem and that there needs to be collaboration between schools, 
medical providers, and parents to better manage the academic achievement 
of students living with SCD. The �nding was reinforced by a study by 
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Peterson et al. (2005), which gave a brief needs assessment to 72 parents. 
One-third of the parents indicated that their child experienced “frequent 
school absences” of more than 20 days per year.

Tools exist to assess the educational support needs of children with 
SCD; however, they appear to be underused, meaning that strategies to 
effectively address these needs are not appropriately deployed. In the afore-
mentioned study by Peterson et al. (2005) the authors surveyed 72 parents 
of children (ages 5 to 17 years) living with SCD using the Hematology-
Oncology Psycho-Educational Needs Assessment (HOPE) tool, which they 
developed. According to the HOPE survey results, more than half of all 
parents expressed concerns about their children’s education and reported 
teacher concerns about the children’s academic performance. Other data in-
dicated that more than one-third of the children repeated at least one grade 
(36 percent) and that almost half failed to pass a statewide pro�ciency 
exam (47 percent). More than one-third had missed at least 20 days of 
school (35 percent); the authors also reported on behavioral issues noted by 
teachers (32 percent) and disciplinary consequences associated with these 
behavioral issues (38 percent). Less than two-thirds of these children had 
undergone testing for learning disabilities (64 percent), and even fewer had 
an individualized education plan in place (28 percent). This suggests that 
elementary and secondary schools need to better address the academic and 
functional needs of children living with SCD.

These childhood effects of SCD appear to result in long-term educa-
tional costs. Based on retrospective reports, one study found that 85 percent 
of adults with SCD reported missing school once per week (Idowu et al., 
2014). This is 6.5 times the corresponding rate of their counterparts with-
out SCD (p < 0.001). Perhaps not surprisingly, SCD adults’ college gradu-
ation rates are less than half that of their siblings without SCD (15 percent 
versus 35 percent, p < 0.001).

Individuals living with SCD and their families also suffer employment 
costs as a result of the disease. Those who do secure gainful employment 
often suffer from poor educational attainment, which would depress their 
earnings.

Mitigating the Economic Burden

Early childhood development To ease the educational and economic impact 
of SCD, it is necessary to offer early-intervention programs, with ongoing tar-
geted support across the life span to mitigate the long-term consequences of 
complications that occurred early in childhood. There are various programs 
and policies designed to support early childhood development for children 
with special needs, but their comprehensiveness and participation are highly 
variable. For example, all children living with SCD (because they have special 
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health care needs) are eligible for services under the Individuals with Disabili-
ties Education Act, Part C, which covers young children with a recognized 
disability or at risk for developmental delay (discussed further in Chapter 5). 
However, there are sizable state-to-state differences in participation rates, and 
McManus and colleagues (McManus et al., 2009, 2011, 2019) found that 
most children who access these services come from low-income households 
and that there is often a delay from diagnosis to receipt of services. There is 
a need to expand eligibility and shorten the time between application for and 
receipt of bene�ts to help mitigate some of these adverse outcomes.

Richardson et al. (2019) presented data indicating that children eligible 
for early-intervention services are not using these services as intensely as 
might be expected. Using an administrative database from a large early-
intervention program, the authors reported that children appear to be 
receiving less substantive services than had previously been the case, and 
they hypothesized that this may be due to an overall decline in federal per 
child appropriations for early-intervention services.

Access to early-intervention services appears to be spotty at best and 
in�uenced by child and family characteristics, such as the primary language 
spoken in the home, race, and ethnicity. There are few large-scale studies 
of early-intervention services at a national level, primarily due to a lack of 
common data collection elements.

Young adulthood and beyond To optimize functional outcomes for adults 
living with SCD, it will be important to develop an understanding of how 
to improve the structure of existing programs and to remove obstacles so 
as to make the programs more accessible to these adults and their families. 
Health insurance does not cover the adverse employment and economic 
consequences of SCD. Instead, that lies within the traditional scope of 
disability insurance programs, such as Social Security Disability Insurance 
and Supplemental Security Income (SSI). The goal of such programs is to 
provide partial income replacement to people suffering from disabilities that 
impair their ability to work.

The design of disability programs must account for the well-known 
trade-off between insurance and incentives for work. Very generous pro-
grams provide better insurance, but they also create incentives for moder-
ately or mildly ill workers to opt out of the labor force and receive disability 
bene�ts instead, particularly for groups of workers facing bleaker wage 
prospects (Autor and Duggan, 2003). In contrast, strict programs provide 
worse insurance but fewer incentives for borderline workers to leave the 
labor force. Thus, such programs are, in principle, designed to screen out 
less severe illnesses that do not compromise the ability to work.

Unfortunately, the eligibility rules for SCD create a number of unintended 
consequences in their effort to screen out less severe cases. Section 7.05 of 
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the U.S. Social Security Administration’s “Blue Book” lists the four ways to 
qualify for SSI (SSA, n.d.):

1.	 Six pain crises in a 12-month period that required “narcotic medi-
cation” and were spaced at least 30 days apart;

2.	 Three or more hospitalizations of 48 hours or more for hemolytic 
anemia in a 12-month period;

3.	 Three episodes of hemoglobin below 7.0 grams per deciliter in a 
12-month period, spaced at least 30 days apart; and

4.	 Beta thalassemia major that requires “life-long [red blood cell] 
transfusions at least once every 6 weeks to maintain life.”

Notably, the �rst three criteria reward patients and their providers 
for poorly managing complications. Diligently managing anemia and pain 
crises could disqualify the patient for public assistance, including the in-
surance bene�t that helped get the disease under control in the �rst place. 
The fourth does not suffer from the same drawback because it identi�es a 
biomarker that cannot be altered by the patient or provider and that results 
in dif�culty maintaining employment.

More generally, recent research in the economics literature on disability 
insurance programs—not speci�c to SCD—recommends expanding access 
to these programs and reducing the number of eligibility reassessments 
needed (Low and Pistaferri, 2018). The crux of the argument is that the 
existing disability insurance program involves a very high rate of rejecting 
worthy applicants and a correspondingly low rate of accepting unworthy 
applicants. In such an environment, moving toward more generosity can 
improve well-being because it admits more worthy applicants than unwor-
thy ones.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion 2-1: Stigma and racism have been shown to negatively 
affect access to care, treatment, psychological health, and disease 
outcomes of individuals with SCD in the United States and globally. 
However, their impacts are often con�ated in the literature, and 
their mechanisms of action are poorly understood. Further studies 
are needed to understand the separate and combined in�uences of 
stigma and racism on individuals with SCD and to develop and 
implement strategies to address them.

Conclusion 2-2: Public awareness of SCD is still suboptimal, which 
further perpetuates stigma and bias against individuals with the 
disease and trait. There is a need for the development of multimedia 
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(print, text, video, games, apps, etc.) educational materials for the 
general public and also for individuals with SCD.

Conclusion 2-3: The SCD disability insurance criteria are restrictive, 
especially for young adults as they transition from childhood into 
adulthood. Loss of SSI has implications for transitioning youth, 
as it affects their eligibility for Medicaid insurance. The disability 
insurance eligibility criteria are dependent on the individual 
remaining disabled and unable to hold a job and underscores 
the need for better biomarkers of SCD severity that are objective 
and not easily modi�able by providers, patients, or payers. Such 
biomarkers would be more appropriate mechanisms for judging 
disability program eligibility.

Conclusion 2-4: Neurocognitive de�cits are both a result and 
cause of chronic symptoms in SCD. Neurocognitive de�cits 
early in childhood may affect patients’ abilities to manage their 
disease in the long term and result in missed appointments, poor 
treatment adherence, and suboptimal outcomes both clinically and 
throughout the life span.

Conclusion 2-5: SCD imposes psychological, social, and �nancial 
burdens on the individual, caregivers, and family.

Recommendation 2-1: The Social Security Administration should re-
view disability insurance quali�cations to ensure that the quali�cation 
criteria re�ect the burden of the disease borne by individuals with sickle 
cell disease.

Recommendation 2-2: States should expand and enhance vocational re-
habilitation programs for individuals with sickle cell disease who need 
additional training in order to actively participate in the workforce.

Recommendation 2-3: The U.S. Department of Health and Human 
Services should engage with media to improve awareness about the dis-
ease and address misconceptions about the disease and those affected.
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Screening, Registries, and Surveillance

The reason for collecting, analyzing, and disseminating information 
on a disease is to control that disease. (Foege, 1976)

—Mary H. (Open Session Panelist)

Chapter Summary

•	� While newborn screening is mandated in all 50 states, the District of 
Columbia, Puerto Rico, Guam, and the U.S. Virgin Islands, it is ine�ec-
tive in capturing individuals living with sickle cell disease (SCD) who 
were born prior to universal screening or outside of the United States 
and its territories.

•	� Follow up for positive sickle cell trait and SCD screens varies greatly 
by state; there is a need for standardization in follow-up (including 
who receives and communicates positive results) to ensure that all 
individuals with SCD across the United States are getting needed care 
as early as possible.

•	� Registries and public health surveillance systems hold great promise 
to provide valuable information about the SCD population—who they 
are and what their care and research needs are. Current e�orts to col-
lect this data need to be standardized and scaled at the national level.

• 	� Attempts to gather data about the SCD population must be governed 
by strict patient privacy and con�dentiality rules to ensure that the 
data are not used to discriminate against minority patients, who have 
a long history of mistreatment in the medical system.
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Throughout this report, there are descriptions of gaps in information and 
understanding about sickle cell disease (SCD) and sickle cell trait (SCT), the 
populations living with the disease and carrier status, the treatments used, 
the impact of SCD on the health care system, access to health care and other 
services, health outcomes, and the overall impact of SCD and SCT. To ad-
dress what the committee perceives to be signi�cant problems for those living 
with SCD, it will be necessary to collect reliable information to de�ne the 
problems clearly, promote measurable changes to address them, and monitor 
the progress of these interventions and changes in the health system.

Data are often collected to gain insights into de�ned populations receiv-
ing clinical interventions or participating in local programs to understand 
outcomes across an entire health care system. Such analyses are of high 
value in generalizing to subpopulations with SCD who are similar to those 
studied, and these research efforts should be supported and promoted. 
This chapter focuses on efforts to ethically and ef�ciently collect reliable, 
high-utility data from whole populations or representative samples thereof 
and to use those data in improving health and health outcomes. Such data 
may have been originally gathered for other purposes (as with newborn 
screening [NBS] data or passive surveillance systems drawn from existing 
data sources), or efforts may be made to collect the most useful information 
from a wide variety of persons affected by SCD, as with a registry.

This chapter discusses these approaches and combined approaches and 
presents models of data gathering and use from other, similar diseases to 
provide context. All of the data gathering and investigations described here 
have the same goals: to better understand and thus be able to more effectively 
address the health, health outcomes, quality of life (QOL), and challenges to 
receiving quality care that face those with SCD and to better understand and 
advise those individuals on health and reproductive decision making.

The most successful example of the collection and use of population-wide 
data on SCD is NBS for SCD and SCT in the United States, which is now uni-
versal across all 50 states and the District of Columbia. NBS allows parents 
with SCD-positive newborns to gain quick access to knowledgeable hemato-
logic care providers and should ensure that children receive standard-of-care 
treatment, such as prophylactic penicillin to prevent sepsis, appropriate im-
munizations, SCD screening to assess the risk of stroke, and hydroxyurea to 
reduce complications. NBS for SCT should help ensure that those with carrier 
status receive appropriate information as they reach reproductive age, and 
it may help health care providers monitor for health conditions associated 
with SCT. The promise of NBS is not consistently ful�lled, however. There is 
more to be done in sharing and translating positive results to caregivers and 
health care providers, and gaps remain in follow-up care.

Registries and surveillance systems have been in development for SCD 
for some time, and they show great promise for capturing much needed 
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information about those living with the disease, their care, and their out-
comes. But there are challenges, merits, and de�cits in collecting data for 
these important purposes. Furthermore, all efforts to gather health infor-
mation face formidable ethical challenges and considerations; this chapter 
brie�y discusses those considerations and concludes with suggestions for 
improving the collection, capture, and use of data from the different types 
of systems discussed.

This chapter is concerned with three approaches to gathering and ana-
lyzing information on those living with SCD and SCT. All three are ways 
of understanding the problem of SCD or SCT, but they address the disease 
and trait through different lenses and methodologies. The chapter uses the 
following de�nitions:

�x	 Screening is the act of identifying the presence or absence of a dis-
ease or carrier state in a person. With respect to SCD in the United 
States, such screening typically takes place either at birth (NBS) or 
in the prenatal period. Screening may also be done for SCT at birth 
or any time throughout the life course. Symptomatic people who 
were not screened at birth may receive diagnostic testing for SCD.

�x	 A disease registry is a system of data collection and communica-
tions with individuals affected by a particular disease. Such systems 
may be sponsored by government, disease advocacy organizations, 
pharmaceutical or device companies, or other entities. Patients 
typically consent to participate and share identifying and health 
information with the sponsor. Sponsors may provide bene�ts, such 
as education and information, access to health records, or informa-
tion about clinical trials.

�x	 Public health surveillance has been de�ned as “the ongoing, system-
atic collection, analysis, and interpretation of health-related data 
needed for the planning, implementation, and evaluation of public 
health practice” (CDC, 1986, p. ii). In particular, surveillance is 
aimed at evaluating and improving health at the population level 
and supporting and improving research and the care provided at 
the individual and clinical levels. Public health surveillance of SCD 
in the United States is typically conducted by state governments.

SCREENING FOR SCD AND SCT

Screening has long been recognized as an important tool for early 
disease detection, and as technological advances have improved the ability 
to screen for an increasing number of diseases, screening rationales and 
criteria have also evolved. Even with these advances, however, it remains 
important to exercise caution and judgment beforehand and to make sure 
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that there are adequate resources for follow-up and treatment (NRC, 1975; 
Wilson and Jungner, 1968). During the early developmental stages of ge-
netic and other types of screening, the proposed criteria typically included 
the importance of the condition, acceptability of the treatment, availability 
of care facilities, cost effectiveness, and an agreement on the progression of 
the condition (Andermann et al., 2008; Wilson and Jungner, 1968).

Over the past 40 years, researchers and providers have adapted these 
original criteria to re�ect new knowledge of genetic diseases in order to 
increase the effectiveness of screening programs (Andermann et al., 2008; 
Grosse et al., 2010; Simopoulos and Committee for the Study of Inborn 
Errors of Metabolism, 2009). Newer criteria tend to emphasize equity, 
informed choice and autonomy, and evidence-based criteria (Andermann 
et al., 2008; Ross, 2012). More speci�cally, newer adaptations of the 
1960s era Wilson and Jungner criteria take into account the effects on 
family members and parents, the importance of screening for rare diseases 
despite unfavorable cost–bene�t analyses, the need for con�dentiality con-
cerning trait/disease status, and genetic counseling (Grosse et al., 2010). 
Although current programs vary in their methodologies and outputs, many 
describe their aim as providing results that can inform future reproductive 
choices, provide long-term care, and offer implications for family members 
(Andermann et al., 2008). The shift away from broad, blanket programs 
covering everyone to ensuring personalized, informed choice from all par-
ticipants has sparked ethical debate and will continue to shape future 
genetic screening criteria (Grosse et al., 2010; NRC, 1975).

Types of Screening for SCD and SCT

The most common methods of screening include hemoglobin elec-
trophoresis, isoelectric focusing (IEF), high-performance liquid chroma-
tography (HPLC), and sickle solubility tests (Naik and Haywood, 2015). 
These tests all involve dried blood spots or whole liquid blood from a heel 
prick and check for red blood cell (RBC) count or hemoglobin variants. 
Electrophoresis is a classic method for identifying hemoglobinopathies; 
it uses an electric �eld to separate hemoglobins based on their charge. 
Further separation is possible by changing the pH and support medium. 
This method is the cheapest, but it is time and labor intensive (McGann 
and Hoppe, 2017). IEF and HPLC both separate hemoglobin based on net 
charge on a gel medium at particular pH levels. IEF requires more labor 
and time, whereas HPLC has rapid output and can be automated to run 
thousands of samples in minutes. However, HPLC is also cost intensive 
and requires high levels of technical expertise (McGann and Hoppe, 2017; 
Naik and Haywood, 2015). Because of issues with false positives and false 
negatives, con�rmatory testing following the initial screening is generally 
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required (APHL and CDC, 2015). Sickle solubility tests may be unreliable 
and are known to yield false negatives in patients with severe anemia, in 
those with sickle hemoglobin (HbS) below a speci�c percentage, or in 
patients with high levels of HbF (such as newborns less than 6 months 
old) (CDC, n.d.; Tubman and Field, 2015). Due to the cost and resources 
required for IEF, electrophoresis, and HPLC, they are usually not feasible 
options in low-resource settings. Point-of-care testing methods are be-
ing developed and may be particularly advantageous in both the United 
States and in settings with limited resources (McGann and Hoppe, 2017; 
Steele et al., 2019).

Screening for SCT and SCD involve similar sample collections; how-
ever, certain techniques are required to differentiate between SCT and SCD 
by discriminating among hemoglobin variants (Naik and Haywood, 2015). 
Solubility testing only detects the presence or absence of sickled hemoglobin 
and thus cannot discriminate between SCT and SCD (Tubman and Field, 
2015). IEF, electrophoresis, and HPLC quantify hemoglobin and so can dis-
criminate, making them the primary methods for NBS programs and con�r-
matory testing. Because these methods are more costly, they are usually not 
the �rst choice in low-resource settings. A study in Uganda found that the 
sickling test followed by con�rmation with electrophoresis was a sensitive 
and cost-effective method for screening children (Okwi et al., 2009). Be-
cause of gaps in follow-up and the optimal communication of results both 
in the United States and globally, there is a pressing need for a point-of-care 
testing method to deliver results within minutes to hours, rather than days 
to weeks (McGann and Hoppe, 2017). Several point-of-care tests with high 
sensitivity and speci�city in SCT and SCD detection have been developed 
in recent years and used in various low-resource countries (Alvarez et al., 
2019; Nnodu et al., 2019; Segbena et al., 2018). Some continue to have the 
barrier of being unable to detect hemoglobins aside from HbS or normal 
hemoglobin, HbA (Mukherjee et al., 2019).

Prenatal Screening

Prenatal diagnoses and other means of determining whether a fetus has 
SCD are medical procedures designed to inform parents so that they may 
prepare for raising the child or decide whether to terminate a pregnancy. 
In the United States, prenatal screening for SCD is not universal, and its 
occurrence depends on individual desires, insurance coverage, and the 
family’s history of disease (Gallo et al., 2010). The procedures used as part 
of prenatal screening include amniocentesis and chorionic villus sampling 
(CVS), both of which are invasive and conducted early in the pregnancy, 
between the 10th and 12th week of the pregnancy for CVS and the 14th 
and 20th week for amniocentesis (Yenilmez and Tuli, 2016). These tests 
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pose minor risks of miscarriage or complications; researchers have piloted 
new methods of non-invasive prenatal diagnosis, such as cell-free fetal 
DNA tests where fetal DNA that is found in the mother’s blood is tested 
for genetic conditions for use in prenatal SCD diagnosis. Infants born with 
SCD after such screening are identi�ed and recorded as a part of routine 
NBS in the United States.

The results of prenatal screening and information about whether the 
pregnancy came to term may or may not be transferred to the state’s NBS 
program; practices differ by state. For example, California has a sickle cell 
surveillance program which compiles data from numerous sources, includ-
ing NBS programs, Medicaid, emergency department (ED) admissions, 
clinic care, and vital records (Feuchtbaum et al., 2013). While prenatal 
diagnosis can be an important part of early pregnancy care, it is not yet use-
ful as a data source for tracking SCD at a population level due to the small 
sample size and lack of integration with other medical records (Housten 
et al., 2016; Savage et al., 2015).

Newborn Screening

Because of the high morbidity and mortality associated with SCD, 
universal NBS offers substantial payoffs in addressing comorbidities and 
reducing mortality (Vichinsky et al., 1988). NBS followed by con�rmatory 
screening is recommended by 2 months of age so that, if necessary, it is pos-
sible to initiate treatment and follow-up care promptly. Early prophylactic 
treatment with penicillin is essential to combat what would otherwise be 
a high rate of mortality from infections (Lin, 2009). More generally, it is 
crucial to establish care early in life to manage complications and build a 
continuum of care.

Among U.S. territories NBS began in the U.S. Virgin Islands in 1987 
and in Puerto Rico in 1977 (Morales et al., 2009). By 2006 universal NBS 
screening was implemented in all 50 states and the District of Columbia 
(Benson and Therrell, 2010). Today, NBS has been highly successful in most 
states, providing critical information to parents, pediatricians, and pediatric 
hematology care providers that enables young children to avoid most of the 
severe complications, which are major contributors to infant and childhood 
mortality (AAP Newborn Screening Task Force, 2000). In particular, the 
high rate of uptake of prophylactic penicillin for young children has saved 
countless children; thus, universal NBS has proven to be a cost-effective, 
life-saving intervention in the United States (El-Haj and Hoppe, 2018). This 
screening can also provide valuable information on the incidence of SCD in 
that jurisdiction. On the other hand, screening is usually not intended to be 
longitudinal, nor does it capture information on treatments, complications, 
or other health outcomes for those diagnosed. NBS is also expensive, but 
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the cost is typically shared by state agencies and insurers, and it is seen to 
have a reasonable cost–bene�t ratio in lives saved and health care resources 
conserved by keeping children healthy.

In most states, NBS also identi�es newborns who are SCT carriers. 
Although it was initially thought that SCT status had virtually no clinical 
implications beyond reproductive decision making, recent studies have 
shown that some individuals with SCT are at risk for a variety of clini-
cal complications (Alvarez, 2017; Alvarez et al., 2015; Elliott and Bruner, 
2019; Naik and Haywood, 2015; Shetty and Matrana, 2014) (further 
addressed in Chapter 4). These complications include exertional rhabdo-
myolysis (muscle breakdown), cardiac dysfunction, sudden death, chronic 
renal disease, cancer, splenic infarction, and venous thromboembolism 
(Key et al., 2015; Naik and Haywood, 2015; Naik et al., 2018). Therefore, 
knowledge of carrier status is important to increase individuals’ awareness 
of these rare but serious potential complications and to help guide repro-
ductive decisions in adulthood. Unfortunately, the transfer of knowledge 
from a state NBS program, parents, or providers to the teens and young 
adults who ultimately need it to make informed life choices is not system-
atic. Promoting knowledge of SCT carrier status in young adults should be 
a high priority, but no states are currently known to track the health status 
or reproductive outcomes of those with SCT.

SCD-related legislation and programs and federal funding varies by 
state. Studies show that 18 states had no legislation and that states received 
funding from a variety of federal agencies such as the National Institutes of 
Health (NIH), Health Resources and Services Administration (HRSA), and 
Centers for Disease Control and Prevention (CDC) (Benson and Therrell, 
2010; Minkovitz et al., 2016).

According to information available from the Association of Public 
Health Laboratories’ website, roughly half of U.S. states conduct some long-
term follow-up care coordination when NBS identi�es SCD (NewSTEPs, 
2020). Practices vary widely, however, and persons with SCD are typically 
tracked up to 5 years—but only if they stay within the state of birth (APHL 
and CDC, 2015; NewSTEPs, 2020). Furthermore, there are no standard 
requirements for data storage for any speci�ed length of time. For example, 
the Maryland Department of Health is required by law to keep newborn 
samples for 25 years so that tests can be replicated, if needed (Maryland 
Department of Health, n.d.). By comparison, dried blood spots in Texas 
may be kept by law for 2 years unless a parent provides consent for longer 
storage (Texas Department of State Health Services, 2019). California’s sur-
veillance program was able to track individuals with SCD by location and 
report the prevalence of complications, health care use, and distribution 
of haplotypes from records between 2004 and 2008 (Feuchtbaum et al., 
2013). Challenges in synthesizing all of these data include variability in 
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data source, duplicate records, and limited access to data sources conducive 
to research. Similar long-term program development in different states may 
face these same challenges of fragmentation and variability.

These inadequacies can be tied to the structural racism surrounding 
SCD, which results in fewer funding sources and incentives to develop in-
terventions (Bediako and King-Meadows, 2016). Furthermore, there is high 
variability in state screening programs, although it is unclear whether this 
is in�uenced by differences in prevalence across states or speci�c structural 
factors (Minkovitz et al., 2016).

One study of postpartum women found a poor understanding of NBS, 
indicating a need to educate parents about NBS and its importance (Lang 
et al., 2009). In states with few state-led initiatives or policies, individuals, 
families, and the general public may not have a clear understanding of the 
necessity for screening and appropriate follow-up.

Subpopulation Screening for SCT

In light of the emerging knowledge of complications that may be associ-
ated with SCT, as discussed in Chapter 4, there are various subpopulations 
for whom screening for SCT makes particular sense.

A key subpopulation is pregnant women, given the current technolo-
gies that allow for genetic testing before birth. The discussion earlier in 
this chapter established the importance and opportunities to ensure that 
pregnant women are educated about SCD and SCT and know their status. 
Studies have found that pregnant women generally fall into three catego-
ries: those who wish to carry the child to term regardless of status, those 
who choose medical termination of a pregnancy with positive results, and 
those who do not wish to be screened at all (Gallo et al., 2010; Smith and 
Aguirre, 2012). The women who refuse screening may be basing this choice 
on the fear of being rejected by their partner, their religious beliefs, or the 
stigma surrounding discussing SCT status openly (Asgharian et al., 2003).1

Exertional sickling and exertional heat illnesses (EHIs) are also of great 
concern, particularly for members of the U.S. military. In the 1970s, the �rst 
military cases of exercise-induced death without a pre-existing condition 
were identi�ed and classi�ed as sudden death induced by sickling (Jones 
et al., 1970). Early studies of military recruits found that those with SCT 
had an increased risk of exercise-induced sudden death in basic training 
(Charache, 1988; Kark et al., 1987).

In recent years, as knowledge of the risks associated with SCT has 
grown, debates about how best to handle training for recruits with SCT 

1  Both studies collected data on women in the United Kingdom rather than the United States.
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have resumed (Mitchell, 2018). Case reports of the deaths of two soldiers 
with undetected SCT who collapsed as they attempted to �nish a 2-mile 
run demonstrated that rhabdomyolysis caused by intense exercise could be 
fatal (Ferster and Eichner, 2012). A study of active-duty soldiers with SCT 
found an increased risk for exertional rhabdomyolysis, similar in magnitude 
to the effect of tobacco use (Nelson et al., 2016).

Currently, the U.S. military has no standardized protocol for dealing 
with service members with SCT; Air Force and Navy recruits wear arm-
bands to indicate that they have SCT throughout training, for example, 
whereas Marine Corps recruits are not identi�ed (Webber and Witkop, 
2014). The U.S. Army currently uses SCT screening only for speci�c com-
bat deployments and specialties, such as high-altitude work (Nelson et al., 
2016). Furthermore, there are no protocols for handling physical activity 
or mitigating risk for identi�ed individuals. Instead, the Army uses broad 
precautions to reduce the risk of dehydration and EHIs in all military 
personnel.

Even though the risks to military members with SCT are well under-
stood, mandated screening is a highly contentious topic because of concerns 
about discrimination and stigmatization and because of doubts concerning 
the bene�ts of screening (Kark et al., 2010; Nelson et al., 2016; Singer et al., 
2018b; Webber and Witkop, 2014). The theorized bene�ts of universal SCT 
testing include a reduction in exercise-induced sickling deaths, increased 
knowledge of SCT complications, and decreases in risky behaviors that can 
lead to exercise-induced illness. Proponents of mandatory military screen-
ing argue that knowledge of SCT status could lead recruits to change their 
behavior; an aware trainee would be more likely to end a workout early 
rather than persisting through the pain (Jones et al., 1970; Webber and 
Witkop, 2014). It is however important to note that at least one study of 
48,000 soldiers, 3,500 of whom had SCT, found that while carrier status is 
associated with a higher risk of exertional rhabdomyolysis, it is not associ-
ated with a higher risk of death (Nelson et al., 2016).

National Collegiate Athletic Association (NCAA) student-athletes are 
another subpopulation targeted for SCT screening. In people with SCD, 
extreme exertion and heat and high altitudes can lead to sickling, which 
may present as normal exhaustion or heat-related illness (Anderson et al., 
2011; Baker et al., 2018) but can result in mortality if it is not detected 
and treated appropriately. As discussed above, intense exercise can also 
lead to exertional rhabdomyolysis (Nelson et al., 2016). Between 2000 
and 2011 there were 16 non-traumatic football deaths among NCAA 
athletes, of which 10 were attributed to exertional sickling (Anderson 
et al., 2011). Furthermore, in an examination of NCAA student-athletes, 
SCT was found to be associated with a 37-fold higher risk for exertional 
death (Harmon et al., 2012). Concerns over exertion-related deaths in 
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student-athletes led to an NCAA screening policy designed to identify SCT 
and prevent catastrophic consequences from acute sickling events associ-
ated with physical exertion.

A 2018 survey of NCAA staff and athletes found that staff members 
were more supportive of SCT screening than were student-athletes (Baker 
et al., 2018). The athletes’ concerns included relevance to their racial status, 
fear of being treated differently by coaches, and poor understanding of the 
necessity of screening. At least one student felt that athletes should know 
their trait status before college, rendering college screening unnecessary. 
In addition, many white athletes felt that they did not need to be screened 
because they believed SCT did not affect white individuals. The study also 
revealed various challenges to implementation, including the �nancial costs 
to institutions, variability in implementation and follow-up, and long wait 
times for the results (Baker et al., 2018). The coaches were most concerned 
that waiting for the test results would contribute to time lost for playing, 
conditioning, and practice. Several organizations have also raised concerns 
about athlete screening.

In 2012 the American Society of Hematology (ASH) issued a policy 
statement that opposed mandatory screening by the NCAA, citing concerns 
over stigmatizing individuals and recommending universal interventions to 
prevent exertion-related deaths instead, regardless of carrier status. Another 
frequently raised concern is genetic discrimination, especially because the 
NCAA is not covered under federal genetic anti-discrimination laws (Jordan 
et al., 2011). Invasions of genetic privacy are also possible, given that man-
datory testing of athletes reveals their genetic status and information on the 
carrier status of their parents and relatives (Jordan et al., 2011). A recent 
study found that mandated screening could identify only up to one-third 
of individuals with SCT who were at risk for EHIs (Singer et al., 2018a). 
Critics of universal screening point to potential inef�ciency, discrimination, 
and the lack of evidence-based research to support such a policy (Singer 
et al., 2018a; Webber and Witkop, 2014).

Missed Opportunities for Screening

There are speci�c groups that can be—and often are—missed within 
the spectrum of SCD care, especially screening. For instance, immigrants 
to the United States are not often screened in their respective countries, 
and the United States lacks a cohesive policy on screening immigrants for 
sickle cell status, so data are limited on the follow-up of immigrant adults 
and children (Faro et al., 2016). In some countries, such as Germany, rising 
immigration rates corresponding with increasing prevalence of SCD have 
prompted calls for increased screening of immigrants and general educa-
tion for providers (Kunz et al., 2017). The ethical and legal implications of 
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such policies are currently being debated, as the German Genetic Testing 
Act allows individuals the right to know—and to not know—their indi-
vidual genetic status for a particular disease. Furthermore, health care in 
Germany is not currently set up to handle SCD care, and thus a functioning 
infrastructure must be developed before adopting any SCD-speci�c screen-
ing policy (Frommel et al., 2014). In the Netherlands a study found that 
approximately 27 percent of new pediatric patients were immigrants, a ma-
jority of whom were diagnosed in the Netherlands for the �rst time (Peters 
et al., 2010). The lack of data on SCD and SCT in immigrant populations is 
a known information gap. Global immigration patterns should inform poli-
cies in the United States and other countries in order to effectively screen 
and treat immigrants in need of care and follow-up.

In addition, individuals born in the United States before the adoption 
of NBS protocols are at risk of falling through the cracks if they are not 
screened as adults. Research shows that most adults are not aware of their 
personal SCT status and that many do not wish to be screened, indicating 
that there is a need to reach out to older populations to assess their risk 
(Harrison et al., 2017). In the case of individuals unaware of their status, it 
may be effective to have them screened by ED providers when they present 
for any condition (Wright et al., 1994).

Adult screening for SCT can be problematic. For example, researchers 
found that in St. Louis “no coordinated agency exists to provide systematic 
trait testing or genetic counseling for individuals at risk for SCT” (Housten 
et al., 2016, p. 2). The same researchers also found that 10.5 percent of 
adults recruited at eight different community sites who were asked to 
participate in a screening test for SCT declined (Housten et al., 2016). 
Additionally, follow-up with genetic counseling did not routinely occur; 
in the sample only 56 percent of those tested chose to meet with a genetic 
counselor. Study participants under the age of 30 were least likely to follow 
up with genetic counseling (Housten et al., 2016).

COMMUNICATING SCREENING RESULTS

Despite the importance of effectively screening and following up on 
SCD and SCT screening results, there is a notable lack of guidelines and 
policies advising providers on how to effectively communicate disease or 
carrier status to affected people or their parents. Initially, NBS was not 
designed to communicate carrier status, and identifying SCT was solely a 
by-product of SCD testing (Pecker and Naik, 2018). Consequently, there 
was little direction given to clinicians about communicating SCT status 
discovered during NBS. Today, the communication of neonatal screening 
results on SCD (and on SCT where conducted) varies by state, with many 
states providing the results to providers but not to parents.
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Once a dried blood spot from NBS is sent to the laboratory, the tests 
are generally performed within 72 hours, followed, if necessary, by con-
�rmatory testing. The results are then sent to the primary care provider, 
who is left to decide the appropriate way to communicate with the family 
and specialists (El-Haj and Hoppe, 2018). One study of NBS programs 
found that only 40 percent and 37 percent of families were directly in-
formed of their child’s SCD or SCT status, respectively (Kavanagh et al., 
2008). However, most NBS programs shared results with primary care 
clinicians (100 percent and 88 percent for SCD and SCT, respectively) and 
with the hospitals of birth (73 percent and 63 percent for SCD and SCT, 
respectively) so that they could give the results to the families (Kavanagh 
et al., 2008). Family noti�cation rates varied widely from state to state, 
indicating greater issues with communicating screening results in some 
birth locations.

Effective communication of SCD and SCT testing results is extremely 
important because parents who discover that their child tested positive 
will often experience mental distress, ranging from anxiety to depression 
(Farrell and Christopher, 2013). Studies indicate that providers may use a 
great deal of scienti�c jargon, which hampers parental understanding and 
limits effective decision making (Farrell and Christopher, 2013). It has been 
suggested that communicating SCT status to parents could be more effec-
tive if primary care providers treated SCT as more than an incidental �nd-
ing and if an effort was made to connect providers with families through 
calls (Christopher et al., 2012). Following up on screening results has been 
found to require minimal effort if NBS programs have adequate funding to 
connect families with local providers.

In addition, a community-based screening program was found to be 
effective in increasing knowledge of SCT/SCD status and increasing the 
likelihood of follow-up genetic counseling, indicating that such interven-
tions may be bene�cial if tailored to speci�c communities (Housten et al., 
2016). State programs looking to build patient registries and increase their 
capacity for patient–data linkage have explored linking medical records 
(Abhyankar et al., 2010; Hinton et al., 2014; Posnack, 2015). Health 
care professionals are now focusing on standardizing an approach to 
care due to the current gaps in patient follow-up, the lack of information 
on the impact of screening and treatment, and the absence of a cohesive 
policy on communicating genetic screening results (Abhyankar et al., 
2010; Hinton et al., 2014, 2016; Hoots, 2010). This standardization will 
help to reduce miscommunications among labs, providers, and patients 
and improve care. One proposed method would be to link individuals’ 
screening results to their birth certi�cates (Hinton et al., 2016; Posnack, 
2015; Zuckerman, 2009). This could potentially decrease the loss to 
follow-up that occurs across state lines. It would also provide records of 
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population-level information and allow for potential access to data on us-
age and socioeconomic information. Although current screening commu-
nication is inadequate in terms of its outreach and quality, standardizing 
protocols for screening and collecting data could improve the ef�ciency 
of care and communication.

State-Level Approaches to Screening and  
Communicating Results

State-funded screening programs usually source money from third-party 
programs, such as Medicaid, Title V, or federal allocations (Blood-Siegfried 
et al., 2006). This results in great variability in screening and communi-
cation procedures (Blood-Siegfried et al., 2006; Hoff and Hoyt, 2006; 
Kavanagh et al., 2008). As Table 3-1 shows, this variation means that nu-
merous stakeholders are not informed about SCT and SCD results, includ-
ing hematologists, primary care providers, and families (Kavanagh et al., 
2008). Of those providers who do communicate results, a small percentage 
reports that they lack the competency to adequately do so.

The National Academies SCD committee contacted the Association of 
Public Health Laboratories (APHL) to obtain updated results on states’ fol-
low-up procedures for SCD- and SCT-positive screens. In response, APHL 
�elded a brief survey (see Appendix D) to members of their hemoglobin-
opathies workgroup and obtained responses from six state NBS programs 
(Colorado, Connecticut, Florida, New Jersey, Tennessee, and Washington). 
All of the programs that took part in the survey had standardized protocols 
(written/formal versus informal) for SCD screening, turnaround time for 
communicating results, and follow-up (see Appendix D). Although commu-
nication protocols varied, all programs had a turnaround time ranging from 
a day to a few weeks. Furthermore, 98–100 percent of babies who screened 
positive for SCD received follow-up within 1 year. All six NBS programs 
had a standardized protocol for informing parents of their children’s SCT 
status, and �ve programs had a required turnaround time (1–6 weeks).

The �ve NBS programs with follow-up protocols for SCT were not 
able to provide the percent of newborns who screen positive and receive 
follow-up in 1 year. These programs distribute letters to parents or PCPs 
or both, and the NBS program does not receive additional information af-
ter that. One program provides SCT results to requests from any properly 
authorized university or organization. These preliminary �ndings show 
possible improvements in screening procedures since 2008. Larger and 
more comprehensive studies are needed to con�rm this and to �ll the gaps 
in our knowledge about state NBS screening procedures. Further research 
will also help identify areas that still need to be addressed to optimize the 
quality and impact of NBS.

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

94	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

TABLE 3-1�Stakeholders Informed by Newborn Screening Programs

State Sickle Cell Disease Sickle Cell Trait

Alabama PCP, heme., hospital, sickle 
cell org.

PCP, public health nurse, 
sickle cell org.

Alaska PCPa, heme., a hospital b PCP,a hospital b

Arizona PCP, heme., family, sickle 
cell org.

PCP, family, sickle cell org.

Arkansas PCP, heme., hospital PCP, family, hospital

California PCP, heme., family, hospital PCP, family, hospital

Colorado PCP, heme., family PCP

Connecticut PCP, heme., family PCP, family, hospital, sickle 
cell org

Delaware PCP, heme., family, hospital, 
Child Development Watch 
(with permission)

PCP, family, hospital

District of Columbia PCP, heme., family, hospital, 
sickle cell org.

PCP, heme., family, hospital, 
sickle cell org.

Florida PCP, heme., family, hospital Family

Georgia (Grady) PCP, public health nurse

Georgia (MCG) PCP, public health nurse

Hawaii PCP,a heme., a public health 
RN,a family, a hospital, b Hawaii 
Community Genetics

PCP,a hospital b

Idaho PCP,a heme., a hospital b PCP,a hospital b

Illinois PCP, sickle cell org. PCP, sickle cell org.

Indiana PCP, heme., family, hospital, 
sickle cell org.

PCP, sickle cell org.

Iowa PCP, heme., hospital PCP, heme., hospital

Kansas PCP, family PCP

Louisiana PCP, heme., family, hospital, 
sickle cell org.

Family

Kentucky PCP, heme., hospital PCP, hospital

Maine PCP, heme., hospital PCP, heme., hospital

Maryland PCP, heme., family, hospital b PCP,b hospital b

Massachusetts PCP, heme., hospital PCP, family, hospital

Michigan PCP, heme., family, hospital, 
sickle cell org

PCP, family, hospital, sickle 
cell org.

Minnesota PCP, heme., hospital PCP, hospital

Mississippi PCP, heme., public health RN, 
family, hospital b

PCP, public health RN, family, 
hospital b

Missouri PCP, heme., family, hospital PCP, heme., family, hospital
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TABLE 3-1�Continued

State Sickle Cell Disease Sickle Cell Trait

Montana PCPb PCPb

Nebraska PCP, heme., hospital PCP, family, hospital

Nevada PCP,a heme., a hospital a PCPa

New Hampshire PCP PCP

New Jersey PCP, heme., family, hospital b family, hospital b

New Mexico PCP, heme., public health RN, 
family, hospital, sickle cell org.

PCP, public health RN, hospital, 
sickle cell org.

New York PCP, heme., public health RN, 
hospital

PCP, hospital

North Carolina PCP, sickle cell org., sickle 
cell educator

PCP,b sickle cell org., b sickle 
cell educator

North Dakota PCP,a heme. a PCP,a heme. a

Ohio PCP, heme., hospital PCP, hospital, sickle cell org

Oklahoma PCP, heme., hospital, sickle 
cell org.

PCP, family, sickle cell org

Oregon PCP, heme., hospital PCP, hospital

Pennsylvania PCP, heme., hospital PCPa, heme. a

Rhode Island PCP, heme. PCP

South Carolina PCP, hospital PCP, hospital, sickle cell org. b

South Dakota PCPa, heme., a hospital b PCP,a heme., a hospital b

Tennessee PCP, heme, family, hospital PCP, family, hospital

Texas PCP, public health RN, family, 
hospital

PCP,b hospital b

Utah PCP, hospital PCP, hospital

Vermont PCP, heme., family PCP, hospital

Virginia PCP, heme., hospital, b sickle 
cell org.

PCP, family

Washington PCP, heme., hospital, sickle 
cell org.

PCP, hospital, sickle cell org.

West Virginia PCP, heme. PCP, family

Wisconsin PCP, heme., public health RN, 
hospital

PCP, hospital

Wyoming PCP, heme., family PCP

NOTE: heme. = hematologist; org. = organization; PCP = primary care provider; RN = 
registered nurse.

a Contracts with outside laboratory/program.

b Information provided by state laboratory only.

SOURCE: Kavanagh et al., 2008.
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A lack of funds can also be a signi�cant barrier to screening; the patient 
can incur a cost ranging from relatively low (such as $10) to a high of $130, 
depending on the state (Blood-Siegfried et al., 2006). Budget cuts to health 
programs mean that state-level priorities for sickle cell are low compared 
with other public health investments and improving the quality of neonatal 
care for SCD may require greater advocacy (Minkovitz et al., 2016).

THE USE OF SCREENING DATA

NBS data can be used in a variety of ways to improve the lives of in-
dividuals with SCD and SCT. Doing so will require that the information 
is made available to all of those who should receive it, including family 
members and relevant clinicians, and that the people who do receive it 
understand what it means and are equipped to make effective decisions 
based on it.

Genetic Counseling

If parents are to understand the implications of SCD and SCT for their 
children and themselves, it is important that they receive screening for he-
moglobinopathy and genetic counseling (Chudleigh et al., 2016). As noted 
in the previous section, while providers, hospitals, or even families may be 
informed of a child’s status, there is little indication for how these individu-
als are referred to genetic counselors or for communicating information 
about their status from birth through adolescence and adulthood, especially 
for SCT (Taylor et al., 2014). A study conducted in Michigan to examine 
the prevalence of genetic counseling provided by primary care providers 
(PCPs) found that the physicians surveyed reported that they were more 
likely to provide some genetic counseling to parents of children who are 
cystic �brosis carriers (CFCs) than to parents of children with SCT (92 per-
cent versus 80 percent; p < 0.01) (Moseley et al., 2013). Parents of children 
with CFC were also more likely to be counseled by genetic counselors or 
specialty centers than parents of children with SCT (85 percent versus 
60 percent; p < 0.01) (Moseley et al., 2013). A lack of available counselors, 
parents declining counseling, and the physician not recommending counsel-
ing were all cited as reasons that contributed to the disparities.

Reproductive Decision Making

Because SCD is life threatening, it has important implications for re-
productive decisions. With the advent of prenatal genetic testing for SCD, 
parents with SCT can now learn relatively early in a pregnancy whether 
their child will have SCD, which offers them options, including medical 
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termination. Parents must carefully weigh this decision based on their as-
sessment of their potential child’s likely QOL and their personal values. 
Both prenatal and postnatal counseling must be provided appropriately, 
taking into account the child’s SCD and SCT status and speci�c follow-up 
and treatment needs. Whether or not parents choose to terminate an SCD-
positive fetus, they should receive appropriate counseling to deal with the 
impacts of their decision (Pecker and Naik, 2018).

There are various barriers to parents making informed decisions. One 
issue is the vast amount of misinformation and misunderstanding that 
surrounds the topic, some of which may be perpetuated by health care pro-
viders. A Hispanic participant in a qualitative interpretive meta-synthesis 
study reported that her health care provider had told her that SCD was an 
African American disease (Smith and Aguirre, 2012). Additionally, some 
men denied their SCT status and tried to convince women that they were 
not positive, perhaps because of the history of discrimination associated 
with the disease and a fear of stigma if their status was revealed (Smith and 
Aguirre, 2012). One study that examined health beliefs regarding counsel-
ing and testing found that African American women strongly believed in the 
severity of SCD and the bene�ts of counseling but did not believe that they 
were at risk of having a child with SCD (Gustafson et al., 2007). Genetic 
counseling offers a missed opportunity for educating individuals with SCT 
and their families and providers about the bene�ts of counseling and stan-
dardizing referrals to counselors.

Some parents avoid prenatal genetic testing because of the cost or be-
cause of a fear that the test might be painful (Gustafson et al., 2007). When 
designing interventions to increase genetic screening rates, fee waivers and 
effective reproductive counseling strategies may help eliminate concerns 
about �nancial burden or pain (Mayo-Gamble et al., 2018).

Additionally, it is important for all prospective parents to understand 
and be aware of the potential to use pre-implantation genetic diagnosis 
(PGD) in conjunction with in vitro fertilization (IVF). Hemoglobinopathies 
can be diagnosed very early with PGD via a cell biopsy from the embryo or 
zygote (Vrettou et al., 2018), making it possible to decide whether to im-
plant an embryo based on the results of the test. The �rst published case of 
a successful unaffected pregnancy using PGD in conjunction with IVF was 
in the late 1990s (Xu et al., 1999). Since then, this procedure has remained 
an option for informed pregnancies and also makes it possible for families 
that already have affected children to have another child who is a potential 
match as a donor for human stem cell transplantation (Vrettou et al., 2018).

Families are, however, confronted with a major �nancial hurdle with 
this option because public and private insurance coverage for PGD is 
variable and may be tied to coverage for infertility treatment, leaving some 
couples to cover the test out of pocket. Currently, only 16 states in the 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

98	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

United States have laws that require insurers to cover or offer coverage 
for infertility treatment (NCSL, 2019). A qualitative study with 18 genetic 
high-risk couples found that the study participants were concerned about 
the costs associated with PGD but ultimately prioritized the opportunity 
to not pass on a genetic disorder to their offspring (Drazba et al., 2014). 
Most families who have a child with SCD report an interest in learning 
about PGD and say that they would consider using it in a future pregnancy 
(Darbari et al., 2018).

Parents who oppose IVF with PGD often cite ethical or religious concerns 
(Schultz et al., 2014). Unfortunately, a small study of 19 parents with a child 
with SCD in the United States found that less than half (44 percent) of the 
parents surveyed knew about PGD as an option (Darbari et al., 2018). Thus, 
providing access to preconception counseling and education on both PGD 
and IVF may be an important future direction for parents with SCT.

Long-Term Follow-Up for SCT- and SCD-Positive Individuals

The long-term follow-up of individuals with SCT represents a signi�-
cant gap in the overall spectrum of care and also a public health problem, 
as these individuals have a lifelong risk of passing on the sickle cell variant 
to their children or having children affected by SCD. These individuals 
may be predisposed to the emerging risk of certain conditions (discussed 
in Chapter 4) (Grant et al., 2011). Children with SCD are sometimes 
followed as long as they remain within the state, but they are no longer 
tracked if they cross state lines. State-level tracking of individuals with SCT 
is extremely disjointed, and there is little communication between states 
(Kavanagh et al., 2008; Minkovitz et al., 2016).

The accessibility of SCT status results later in life varies across states 
as well, but the committee was unable to �nd documentation about speci�c 
state practices. The committee was also unable to �nd any known long-term 
follow-up of health conditions or outcomes for those with positive SCT 
status in the United States, despite growing evidence of an increased risk for 
certain chronic health conditions (Alvarez, 2017; Alvarez et al., 2015; Elliott 
and Bruner, 2019; Naik and Haywood, 2015; Naik et al., 2018; Shetty and 
Matrana, 2014). While a �rst priority should be population-based surveil-
lance for those living with SCD, given the severity of the disease, a focus 
on SCT as an emerging public health problem may be an important future 
policy initiative. Framing SCT as a public health concern may help increase 
funding, advocacy, and research for both SCD and SCT.

Even when NBS programs are highly effective, comprehensive follow-up 
and care for those diagnosed with SCD (SCD-positive individuals) are still 
required to ensure that these individuals receive quality care to reduce 
SCD-related morbidity. Assessing the quality of this care is important in 
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order to develop and implement policies universally. A 2016 study identi�ed 
key indicators that could be used to assess the quality of care for individuals 
with SCD and SCT (Faro et al., 2016). High-quality care provided early ge-
netic counseling, timely reporting of results, screening for immigrants, and 
penicillin prophylaxis. A 1998 study in California, Illinois, and New York 
found that follow-up from NBS was lacking in the areas of treatment and 
compliance (CDC, 2000). Antibiotics are still underused, and there are 
adherence issues being reported (Cober and Phelps, 2010; Reeves et al., 
2018; Teach et al., 1998).

In a national CDC study, 76 percent of doctors reported providing 
penicillin prophylaxis, but only 44 percent of patients followed through 
(CDC, 2000). Several other studies found similar trends in treatment and 
adherence among providers and patients, respectively (Cober and Phelps, 
2010; Reeves et al., 2018; Teach et al., 1998). A study synthesizing the ef-
fects of NBS programs found that surveillance information was needed to 
obtain longitudinal data and carry out follow-up programs (Yusuf et al., 
2011). One NBS program in New York had a 12 percent loss to follow-up 
among children, indicating that these gaps in follow-up care must be ad-
dressed to ensure the effectiveness of these programs (Yusuf et al., 2011).

Other Approaches to Educating the Public About SCD

One way to communicate the importance for SCD and SCT screening 
is to include it within public health education focused on other areas. One 
program in Zambia, for instance, integrated screening into a dental hygiene 
program that provided free toothbrushes and toothpaste and informed 
rural residents of tooth decay (Chunda-Liyoka et al., 2018). Combining 
several health interventions within a single program or roll-out allows for 
increased reach and access that a single program might not have. Other 
possible education methods would be to work through registered nurses, 
who are already heavily involved in the care and case management of indi-
viduals with SCD (Arhin, 2019), or with community-based organizations 
(CBOs) and patient advocacy groups.

PATIENT REGISTRIES

Patient disease registries, which vary widely in their structure, scope, 
and purpose, are distinguished by their common approach: they collect 
information from a subset of people with a particular disease to develop a 
generalizable picture of who has the disease, what effects they are experi-
encing, and how they are being cared for (AHRQ, 2014). That information 
typically includes the registrants’ characteristics, clinical data and test re-
sults, and health status over time. Like clinical trial databases, registries 
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typically aim to collect highly reliable and precise data. Depending on the 
sponsorship and intended goal, patient registries are likely to provide valu-
able information to researchers, drug and device developers, clinicians, and 
sometimes the patients themselves (AHRQ, 2014).

Registries typically require a high level of resources to recruit, consent, 
and collect detailed data. Registries may be sponsored and funded by grants 
or government contracts, pharmaceutical companies or device developers, 
professional associations, or CBOs. There can be signi�cant overlap be-
tween patient registries and clinical trial data collection in the types of data 
collected and their use (Forrest et al., 2011). Registries may or may not be 
long-term or longitudinal, and the sponsors may or may not widely share 
the results of data analysis.

Registry participants may be rewarded in various ways, including re-
ceiving a stipend for their time, being connected with clinical trials, or re-
ceiving education or support in forums or from trained community health 
workers. Registries for rare diseases that include clinical data can be helpful 
for researchers tracking clinical outcomes related to speci�c treatments or 
preventative measures.

By their nature, registries collect identi�able and sensitive information 
about patients and are typically designed so that patients (or their legal guard-
ians) must explicitly consent to take part by sharing their information directly 
or providing access to their medical records. Although some registries capture 
information from the majority of patients (e.g., state cancer registries), there 
are always nonparticipants—due to challenges related to consent, access to 
the registry portal or the data collection interview, or simple unwillingness—
and this can create bias in results derived from registry data if those results 
are assumed to apply to all of those living with the disease.

Examples of SCD Patient Registries

Multisite clinical registries have been used to track the speci�c out-
comes or sequelae of the complications of SCD. These may be considered 
extensions of the clinical trial model.

A granting agency may conceive and fund federally supported regis-
tries, with research institutions performing the work of obtaining patient 
consent, collecting data, analyzing the data, and disseminating the results. 
These efforts may be funded to develop methodologies through pilot pro-
grams or to implement registry systems on a larger scale. NIH’s National 
Heart, Lung, and Blood Institute (NHLBI) implemented the Comprehensive 
Sickle Cell Centers Collaborative Data collection effort from 2005 to 2008, 
which gathered data from 3,640 persons with SCD nationwide via clinical 
interviews and medical record extraction (Dampier et al., 2011; NHLBI, 
2007). NHLBI currently supports the Sickle Cell Disease Implementation 
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Consortium, begun in 2016, which includes a patient registry with partici-
pants recruited from the participating centers. The goal of this SCD registry 
is to collect data on 2,400 adolescent and adult patients (SCDIC, n.d.).

Multiple Private-Sector Efforts to Collect and 
Use Data on Individuals with SCD

CBOs frequently collect records of the health of their clients, whether 
formally or informally. For example, the Sickle Cell Disease Associa-
tion of America (SCDAA), the largest national CBO focused on SCD, 
launched its patient registry, Get Connected, in 2018 with multiple aims: 
providing patients with the storage of and easy access to their medical 
information, offering information and resources to patients and their 
families, and helping with clinical research planning and recruitment. As 
of June 2018, the registry, which had been promoted by SCDAA since 
2015, had collected data on nearly 6,128 persons, 4,984 of whom had 
SCD and another 633 with SCT. The remaining enrollees are non-patients 
(Pena, 2018).

Professional organizations may also support or host data collection 
systems for those affected by the focal conditions. In 2018, for example, 
ASH launched the ASH Research Collaborative (RC) Data Hub, which 
functions as a data repository with information on hematologic diseases 
and which was set up to facilitate clinicians’ and researchers’ access to 
patient data. This effort may be of particular use to researchers studying 
rare hematologic diseases, which may not otherwise have a centralized data 
collection system. The RC Data Hub can collect prospective and retrospec-
tive data from both U.S. and international sources, including inpatient and 
outpatient clinical systems, industry and government datasets, patients, and 
other existing registries (ASH RC, 2019). The data include genomic or mo-
lecular correlates, clinical and laboratory data, patient-reported outcomes, 
information on population health, and social determinants. The Data Hub 
automates data collection when necessary and allows for information on 
new diseases to be captured. In addition, automation allows researchers 
and medical personnel to promptly retrieve data that can be used to answer 
certain research questions through advanced querying.

In 2019, ASH launched the Sickle Cell Disease Clinical Trials Network, 
which provides a framework for �nding and categorizing patient cohorts 
for clinical trials, placing trial sponsors with sites, and recruiting eligible 
patients. It collects information from the RC Data Hub to assist with iden-
tifying areas of research and treatment that could bene�t from additional 
data. The mission of the network is to “improve outcomes for individuals 
with SCD by expediting therapy development and facilitating innovation 
in clinical trial research” (ASH RC, 2018).
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Expanded Registries

In countries that are disproportionately affected by a speci�c genetic 
disease, registries may be sponsored by the national government; one 
such example is Greece’s hemoglobinopathy registry, established in 2009. 
Because this registry includes everyone diagnosed with SCD and fol-
lows these individuals over time with the goal of conducting longitudinal 
surveillance, it may be considered a public health surveillance effort; 
in this context, it offers a possible model for developing state- or even 
national-level universal registries in the United States (Voskaridou et al., 
2019). There are similar registries within the United States for other se-
vere diseases, which have been successful in gathering data on nearly all 
affected patients and tracking them over their lifetimes. An example is 
the cystic �brosis registry, which includes nearly every person with the 
disease living in the United States. Registrants are monitored by staff 
at clinical sites, which ensures that the patient data are entered into the 
system accurately and in a timely manner. The registry receives support 
from private funding, including the Cystic Fibrosis Foundation, and other 
sources (CFF, 2018).

Hemophilia treatment centers (HTCs), sites of high-quality care for 
those living with hemophilia in the United States, also participate in a life-
long data collection system, Community Counts. This effort is a collabora-
tion between HTCs participating in the U.S. Hemophilia Treatment Center 
Network, CDC, HRSA, and the American Thrombosis and Hemostasis 
Network. The system tracks the clinical visits of those living with hemo-
philia through the HTC Population Pro�le and tracks these individuals over 
their life course (including mortality) through the Registry for Bleeding 
Disorders Surveillance (Manco-Johnson et al., 2018).

Standardizing Data Collection and Patient Registries

Researchers developing registries, data collection systems for clinical 
research, and other systems for outcomes data may be frustrated with the 
lack of standardization and comparability across such efforts. If patient 
outcomes are de�ned differently in different settings, it is dif�cult to 
compare the results of interventions or methods changes. NHLBI con-
vened a steering committee of those involved in SCD research to develop 
standards for data collection as a part of the PhenX Toolkit (consensus 
measures for Phenotypes and eXposures) (Eckman et al., 2017; Hamilton 
et al., 2011). All researchers and scientists participating in SCD-related 
data collection efforts are encouraged to design their measures around 
these common data elements and standards to improve data usefulness 
and consistency.
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PUBLIC HEALTH SURVEILLANCE

As noted above, public health surveillance is the ongoing and system-
atic collection, analysis, and interpretation of health-related data, with a 
particular emphasis on the timely dissemination of the data and results 
in order to make them as useful as possible (Foege, 1976; Thacker and 
Berkelman, 1988). Wide-ranging surveillance efforts provide data on a 
large number of patients, typically with low bias in the cohort examined 
(i.e., nearly everyone is captured, with little difference in characteristics 
between those followed and those not). Depending on the methodologies 
used, surveillance systems can provide an excellent “bird’s eye view” data 
on population-level disease prevalence, health outcomes, mortality, access 
to care, and cost of care. Such data can augment other data collection 
efforts, such as NBS or registries (Choi, 2012).

Suggested surveillance systems as described here can be distinguished 
from many registries by the former’s aim to be universal in scope, capturing 
all of those with the disease of interest along with longitudinal data on the 
population, and by the relatively low resources needed to establish surveil-
lance systems (compared to far-reaching registries). However, the data used 
to de�ne the population living with SCD were not originally intended for 
surveillance and do not approach the reliability of clinical trials data or 
registries. Furthermore, surveillance systems’ purpose and scope vary from 
those of registries. Speci�cs such as lab values, biomarkers, and QOL mea-
sures (such as employment or educational achievement) are generally not 
known, and there are different gaps in data in every system across states or 
regions. Administrative data may also be more prone to errors than NBS or 
registry data, although such errors are unlikely to be biased (and thus are 
unlikely to affect conclusions). Complete information on the cost of care 
and treatments that may not be billed (such as in clinical trials, charity care, 
or bundled as part of managed care) may be missing.

Surveillance is typically de�ned geographically, with efforts at a state or 
national level. Rare disease surveillance is increasingly seen as a necessary 
tool to understand the complications, comorbidities, uptake of treatments, 
and health outcomes for diseases that may otherwise be dif�cult to track, 
given their small population sizes and widely dispersed care. In 2007 the 
American Society of Pediatric Hematology/Oncology convened the Sickle 
Cell Disease Summit, a meeting of stakeholders in hemoglobinopathies, to 
settle on a uni�ed approach to health care and research disparities for SCD. 
One key �nding was that there is a critical need for population-based sur-
veillance to track outcomes (Hassell et al., 2009).

The creation of RUSH, a cooperative agreement between CDC, NHLBI, 
and seven states with signi�cant populations of people living with SCD and 
thalassemia, was one outcome of this summit and its recommendations. 
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This 2010–2012 effort was intended to develop and test methodologies 
for public health surveillance in these disorders at the state level. It was 
originally intended to be developed and validated over 4 years, but fund-
ing was ultimately provided for only 2 years. Although some states had 
already begun to gather data on their Medicaid populations or to follow 
NBS-diagnosed cases of SCD, RUSH was the �rst large-scale attempt to 
conduct public health surveillance for SCD in the United States. Informa-
tion on incidence and prevalence in RUSH states produced by these efforts 
was novel and intended to be helpful to researchers and policy makers in 
those states (Hulihan et al., 2015; Paulukonis et al., 2014).

California, Georgia, and CDC have continued this work with the Sickle 
Cell Data Collection (SCDC) program, which has been funded privately 
by the CDC Foundation since 2015. The two states collect NBS-identi�ed 
cases, hospital discharge data, ED data, vital records death data, Medicaid 
claims for all claimants with SCD diagnostic codes, and reports from SCD 
care clinics on patient genotype. These data are used to support policy 
decisions at the state and federal level, inform researchers and providers 
via published manuscripts, and educate those living with the disease, their 
families and communities, and health care providers on the disease and the 
latest research on it (Paulukonis et al., 2015).

Several states have also implemented or expanded public health sur-
veillance of SCD. In 2019, CDC, through the CDC Foundation’s SCDC, 
awarded grants to train seven additional states—Alabama, Indiana, 
Michigan, Minnesota, North Carolina, Tennessee, and Virginia—on how 
to implement comprehensive data collection programs for SCD. No data 
will be collected under the grant, but the states will receive training on the 
conduct of longitudinal data collection and surveillance for SCD (CDC, 
2019). Tennessee’s St. Jude Children’s Research Hospital gathers data from 
multiple sources and uses them to support research and policy (St. Jude 
Children’s Research Hospital, 2019).

Each state or other geographic region that attempts surveillance efforts 
in SCD or any rare disease will by necessity use varying methodologies. 
Access to data differs by location and the program’s relationship to data 
stewards, and the data sources, patient identi�ers, and underlying programs 
vary widely. Still, most states that have attempted such an endeavor have 
found that it yields fruitful and novel information; improves communica-
tion across agencies, providers, insurers, and patients living with the dis-
ease; and supports policy change that can improve access to high-quality 
care and health outcomes for those with SCD. Collectively these surveil-
lance programs have used data to publish manuscripts on epidemiology 
and health outcomes among those with SCD, to support grants, to connect 
health care providers with resources and support, and to support policy 
change (CDC, 2018).
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Public health surveillance may use fewer resources than more intensive 
methods of gathering information on the SCD population, particularly 
when considered as cost per patient or per year of data included. It is best 
suited to provide information to support policy change and new research 
programs that can gather reliable individual-level data. The Sickle Cell 
Disease and Other Heritable Blood Disorders Research, Surveillance, Pre-
vention, and Treatment Act of 2018 explicitly authorizes grants to conduct 
public health surveillance for SCD and other heritable blood disorders. 
Appropriations have not yet been made, however. Support of this law and 
its appropriate funding will be critical for public health surveillance in SCD 
in coming years.2

As noted above, organizations dealing with diseases similar to SCD 
have successfully integrated public health surveillance and registry ap-
proaches and data. When the majority of the affected population �nds 
bene�t in sharing health information and receives consistent, high-quality 
care, as with the cystic �brosis and hemophilia communities (discussed 
in Chapter 8), the value of the registry data for tracking health care and 
health outcomes over time is dramatically increased. As SCD registry 
and surveillance systems in the United States become more established 
and successful, merging data and methods across these systems and in-
corporating information from NBS will be an ideal model to strive for. 
A merged system would provide valuable information about individuals 
over the life course to participants, health care providers, researchers, and 
policy makers.

ETHICAL IMPLICATIONS AND PRIVACY CONSIDERATIONS

When individuals with SCD interact with clinicians or researchers, 
there are a variety of ethical and privacy issues that must be taken into ac-
count. The issues are particularly relevant for African Americans because 
of the history of medical and research establishments in the United States 
treating them unethically.

Perceptions of Who Is Affected

The widespread presence of SCT in people of African origin is due 
largely to an accident of evolutionary biology, as it confers a survival advan-
tage in areas with a high prevalence of malaria. As many as 40 percent of in-
dividuals in parts of sub-Saharan Africa may be affected, but SCT may also 
be found in people in southern Europe, Saudi Arabia, and India—a result 

2  Sickle Cell Disease and Other Heritable Blood Disorders Research, Surveillance, Preven-
tion and Treatment Act of 2018, Public Law 115-327, 115th Congress (December 18, 2018).
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of centuries of genetic diffusion (Serjeant, 2013). The slave trade brought 
vast numbers of people to the Americas and the Caribbean, parts of the 
world where the genetically conferred resistance was largely irrelevant but 
where the disease took root, with its greatest prevalence today among those 
with African ancestry.

However, the resulting widespread belief in the United States that SCD 
is an African American disease is not only incorrect but can create addi-
tional challenges (e.g., some people assume they can judge the likelihood 
of someone having SCT solely by looks). Skin color has been shown to 
be a poor marker of African descent (Crawford et al., 2017), and it is not 
uncommon for SCT to be found in people who do not present as African 
American, including Caucasians and Latinos. For these people, the notion 
that SCD is an African American disease may present special obstacles 
to care. See Box 3-1 for the perspective of a Hispanic individual living 
with SCD.

A History of Discrimination

Throughout the 19th century and more than halfway through the 
20th century, diseases that particularly affected African Americans re-
ceived signi�cantly less attention than diseases that were of more concern 
to white Americans. For example, a historian of medicine wrote that at 
the outset of the 20th century, the sickle cell population was “clinically 
invisible” (Wailoo, 2017). After 1910, the disorder was understood to be 
caused by physically distorted red blood cells. However, correct diagnosis 
was infrequent, and the common symptoms, such as infections and pain, 
were often attributed to other conditions, especially when diseases with 
similar symptoms were endemic, such as malaria in Memphis (Wailoo, 
2001). World War II investigators in the growing �eld of molecular biol-
ogy recognized that a corrective therapy for the hemoglobin molecule 
could theoretically be devised, but in practice providers relied mainly on 
antibiotics (Wailoo, 2017). Although the providers’ actions did decrease 
mortality, they did nothing to identify methods to treat the hemoglobin 
molecule directly.

Beginning in the 1960s, the civil rights movement, media coverage, 
and grassroots civic engagement, such as that of the Black Panthers, helped 
stimulate public awareness of SCD (Bassett, 2016). The new political and 
medical science environments led to the passage of the Sickle Cell Anemia 
Control Act of 1972. No longer clinically invisible, patients with SCD did 
bene�t from longer life spans made possible by continually improving anti-
biotics. Nevertheless, the overall progress continues to be slow.

Furthermore, suggestions that those with the gene should be ag-
gressively identi�ed in order to prevent it from being passed on were 
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BOX 3-1 
A Patient’s Voice: A Changing Perspective

	 Servio Astacio was born in the Dominican Republic and diagnosed 
with sickle cell disease (SCD) when his parents noticed the yellow 
tone of his skin and sporadic episodes of rigidness shortly after his 
birth. Astacio said the diagnosis had a�ected his personal life in many 
ways, including occupationally, educationally, and mentally. As the 
grandson of military members, Astacio had always aspired to join the 
military and eventually work for the National Aeronautics and Space 
Administration or the Central Intelligence Agency. He stated, “I had 
my life planned out,” but when “I went to the Army, Navy, and Marine 
recruitment centers, they told me no. They told me they don’t accept 
people with my condition.” He explained that this rejection had made 
him “depressed for some time. It really changed my views. It made me 
lose hope.”
	 Astacio noted that he would sometimes experience these periods of 
depression but “no one has helped me with my depression. I had to deal 
with it on my own. Getting professional treatment for depression never 
occurred to me.” At that time, he did not even know he was depressed; 
“it was just sadness,” and his clinicians did not ask him about depression. 
Furthermore, Astacio said that he has experienced discrimination and 
ageism in the medical setting. He explained “that when I am dressed 
[formally] like I just came out of work, then I don’t get treated with a hard 
time.” However, if “I am dressed in shorts, t-shirt, and tennis shoes, then 
people will want to determine if I have a legitimate need to pain medica-
tion and if I am really in pain.” Astacio added that he “is not surprised 
with di�culties other people may be having [in the medical setting] due 
to their ethnicity.” Astacio also sometimes faces ageism in the medical 
setting due to his young facial features. He shared that “once, when 
two nurses were trying to explain a medical term to me, one nurse told 
the other nurse ‘you have to explain it to him because he is a baby. He 
doesn’t know.’”
	 To treat his signs and symptoms, including depression, Astacio found 
that keeping a positive mindset can make a di�erence. He also recom-
mends “staying hydrated, taking medications appropriately, knowing 
your limits, and tackling health issues immediately” to maintain proper 
health. He advises others with SCD: “Always be con�dent about you 
being able to take care of your health. Always keep up with your medica-
tion, a healthy diet, and not overworking your body.”
	 Although SCD has greatly limited some of his personal goals, Astacio 
said that being diagnosed “has given me more ambition to educate 
myself in school and to work harder to a�ord medical treatment.” He 
noted that the disease had eventually “inspired me to do better, be-
cause I have a family, objectives, and goals. I’m hopeful of the future.” 
He added, “eventually, I found another purpose in life, another passion,” 

continued
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reminiscent of earlier eugenic efforts (Bowman, 1996). Despite the ben-
e�ts of pre-implantation genetic diagnosis and genetic counseling dis-
cussed in earlier sections, these options need to be approached with 
sensitivity in light of the history of racial discrimination in the United 
States. Elsewhere in the world, there have been such eugenics-type ef-
forts. In Bahrain genotyping and counseling has reduced the births of 
affected infants (Almutawa and Alqamish, 2009), and mandatory pre-
marital screening for couples has led to voluntary cancellations of mar-
riage proposals in Saudi Arabia (Alotaibi, 2017). Such programs would 
raise complications in the United States, however, because of its history 
of racial discrimination.

In recent years, individuals living with SCD in the United States have 
been entangled in the controversy around pain management and opiates, 
with the added complication that pain reported by those perceived as Af-
rican Americans has been taken less seriously than when reported by other 
patients (Hoffman et al., 2016). In addition, African Americans are par-
ticularly vulnerable to the stigma of suspected addictive behavior. Patients 
with SCD continue to encounter controversies and dif�culties that are often 
more societal than scienti�c.

Patient Privacy Concerns

Patient privacy and con�dentiality are core values of medical ethics. 
They are even cited in the Hippocratic Oath (Hajar, 2017). But unlike in 
the ancient world, where one clinician interacted with one patient, modern 
health care systems have extensive medical records combined with patient 
care provided by a health care team. This presents many opportunities for 

which includes running a successful business and advocating for pa-
tients with SCD. For example, Astacio spoke on a patient panel at the 
2019 National Hispanic Medical Association Conference. As a patient 
advocate, Astacio recommends that stakeholders provide more funds 
to the awareness, treatment, and cure of SCD. He also advocates for 
screening tests for everyone to help people “prevent it or manage it 
appropriately, so people don’t have to go through the su�ering from 
discovering the diagnosis.”

SOURCE: Astacio interview, August 26, 2019; transcribed and summarized 
by National Academies sta�.

BOX 3-1 Continued
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others to access personal health information. The Institute of Medicine 
(2009) de�nes privacy as follows:

Privacy addresses the question of who has access to personal informa-
tion and under what conditions. Privacy is concerned with the collec-
tion, storage, and use of personal information, and examines whether 
data can be collected in the �rst place, as well as the justi�cations, if 
any, under which data collected for one purpose can be used for another 
(secondary) purpose. An important issue in privacy analysis is whether 
the individual has authorized particular uses of his or her personal 
information. (IOM, 2009)

Rarely are there objections to caregivers viewing necessary medical 
information to provide the best patient care, but illegitimate access must 
be prevented. Protecting against this may be especially important for pa-
tients who are members of historically discriminated groups or liable to be 
stigmatized because of their disease, both of which apply to many people 
affected by SCD.

The Health Information and Portability and Accountability Act of 
1996 (HIPAA) safeguards the privacy of medical information in addition 
to ensuring that health coverage cannot be denied when someone loses 
or changes a job and providing protections against the denial of cover-
age because of certain diseases and pre-existing conditions (OCR, 2013). 
However, in practice HIPAA may also create confusion about information 
sharing among those with a “need to know” basis, particularly with regard 
to mental health information (IOM, 2009). In brief, a mental health profes-
sional may share information with a patient’s personal representative and 
also family, friends, or caregivers insofar as that information is relevant 
to the patient’s caregiving (and without patient objection). If the patient 
lacks or has impaired decision-making capabilities, a therapist may share 
relevant information with others who can make medical decisions based on 
the patient’s best interests.

Federal law speci�cally requires the con�dentiality of SCD-related 
medical records that are held by the U.S. Department of Veterans Affairs.3 
Patients should be con�dent that learning their SCD status from genetic 
testing will not subject them to discriminatory practices. This became a 
public issue in the early 1970s, when some states required that African 
Americans be tested to identify both carriers and SCD-positive individuals. 
In response, in 1972 Congress enacted the National Sickle Cell Anemia 
Control Act, which withheld federal funds from states that mandated 

3  Veterans Health Administration. 2016. VHA Directive 1605.01. Privacy and Release of 
Information. Washington, DC: Veterans Health Administration, U.S. Department of Veterans 
Affairs. See https://www.va.gov/vhapublications/ViewPublication.asp?pub_ID=5456.
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testing. Thus, the experience with SCD served as a precursor to the 2008 
Genetic Information Nondiscrimination Act, which protects individuals 
from any sort of genetic discrimination in health insurance and employment 
(Feldman, 2012).

Data Protection Considerations

Neither participants in research studies nor patients in clinical care 
typically have ownership rights to any data collected from them; in par-
ticular, they do not have a �nancial interest in any commercial products 
that may be developed based on those data. Rather, the data in data banks 
and registries typically are owned by health care providers and insurance 
plans, funding agencies for registry projects, research institutions, and 
government agencies. However, following several legal cases, such as the 
Henrietta Lacks case (Shah, 2010), there is now widespread agreement 
that patients and research participants should at least be clearly informed, 
in advance, that they will not have rights to any data collected. It is also 
understood that the privacy and con�dentiality of patients providing data 
should be carefully protected (e.g., by “de-identi�cation”), which makes 
it dif�cult, if not impossible, for the information to be traced back to 
the patients.

In 1979, the National Commission for the Protection of Human Sub-
jects of Biomedical and Behavioral Research issued the Belmont Report, 
which offered three principles to guide research involving human partici-
pants: respect for persons, bene�cence, and justice (National Commission 
for the Protection of Human Subjects of Biomedical and Behavioral Re-
search, 1979). These principles remain the core values of the U.S. biomedi-
cal research enterprise. In the context of data protection, respect requires 
that participants’ privacy and dignity be preserved and that patients should 
be able to give their informed consent for the way their data are collected 
and used. Bene�cence requires that harm to participants and relevant 
groups be minimized and bene�ts maximized, including the harm and 
bene�ts of information in a data registry. Justice requires that no particu-
lar group be involved in the research enterprise more than any other and 
that the bene�ts of the research be shared equitably. Considering that the 
National Commission was partly a response to the controversy from the 
U.S. Public Health Service Syphilis Study (CDC, 2015), these principles 
have special resonance for African Americans, who suffer a disproportion-
ate burden of SCD.

The movement for personalized medicine in the era of big data suggests 
that in the future it will be increasingly more dif�cult to distinguish regular 
clinical care from research. Data registries and machine-learning systems 
that use sophisticated and continuously revised algorithms will increasingly 
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be part of the regular clinical experience. If the identi�cation of people 
with SCD can be improved and their clinical experiences entered into these 
systems, those patients stand to bene�t. Still, the ethical protections that 
apply to data protection should continue to be respected.

Public Health Surveillance and Research

Public health surveillance is crucial to tracking the distribution of a 
disease to improve access to health care resources in areas with health 
disparities. For SCD, improved surveillance is particularly important be-
cause of current data limitations, including the exact percentage of af-
fected African Americans. Recognizing that SCD research and treatment 
lags behind research for other chronic illnesses, the Sickle Cell Disease 
and Other Heritable Blood Disorders Research, Surveillance, Prevention, 
and Treatment Act of 20184 reauthorized an SCD prevention and treat-
ment program and provides grants for research, surveillance, prevention, 
and treatment of heritable blood disorders. As of the development of this 
report, the legislation had not yet been funded by Congress. Although the 
focus of public health surveillance is improving the well-being of popula-
tions, the ethics of public health also requires respecting the health and 
dignity of individuals.

While public health surveillance essentially consists of data collection 
and analysis that generates hypotheses (Thacker and Berkelman, 1988), 
public health research builds on that information to test which hypotheses 
provide the most effective interventions for population-level prevention 
and treatment. Individuals’ interests must be balanced against the value 
of a public health intervention to the community, taking into account the 
bene�ts and costs. Surveillance and research depend on each other to be 
effective in promoting population health (Lussier et al., 2012). Public trust 
is crucial for both approaches, so every reasonable effort should be made 
to communicate goals and explain the relevant practices to the affected 
population.

Especially in cases of chronic social vulnerability, as with the commu-
nities most likely to be affected by SCD, members of representative civic 
and religious organizations should be closely involved in every phase of the 
surveillance and intervention. Among African Americans, trust in the medi-
cal establishment has justi�ably been a topic of intense concern, particularly 
considering the history of exploitive experiments and surveillance studies. 
Yet there is evidence that African Americans are interested in participat-
ing in clinical trials, though that interest may not be accommodated in 

4  Sickle Cell Disease and Other Heritable Blood Disorders Research, Surveillance, Preven-
tion and Treatment Act of 2018, Public Law 115-327, 115th Congress (December 18, 2018).

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

112	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

enrollment processes. As for any subpopulation, appropriate arrangements 
should be made in the prior review (e.g., institutional review board repre-
sentation) and consent phases (e.g., clarity about the prospects of commer-
cializing any important research result) (Hamel et al., 2016).

NBS raises speci�c ethical and social issues. The World Health Orga-
nization recommends screening if diagnosis and treatment will bene�t the 
newborn. The classical example that meets this test is phenylketonuria 
screening. For selective screening to be useful, the affected communities 
must be part of the program (Avard et al., 2006).

Blood donations are sometimes screened for SCD as part of public 
health surveillance and to protect the blood supply. Incidental �ndings, such 
as the discovery of the SCT, raise the question of whether donors should be 
informed of their status, about which they may not be aware. One option 
is to inform potential donors that their blood may be screened for SCT and 
give them the choice of whether to be noti�ed, along with being informed 
about the medical and reproductive health implications of a positive result. 
Responsible regulatory agencies and community organizations need to col-
laborate to address concerns about stigma and discrimination while also 
protecting public health (Lee and Marks, 2014).

Electronic Informed Consent Issues

Electronic informed consent has been de�ned as “the use of elec-
tronic systems and processes that may employ multiple electronic media, 
including text, graphics, audio, video, podcasts, passive and interactive 
Web sites, biological recognition devices, and card readers, to convey 
information related to the study and to obtain and document informed 
consent” (FDA, 2016, p. 2). No matter how informed consent is ob-
tained, the same ethical requirements apply. Speci�cally, the individual 
must have the capacity to give consent, the information provided must 
be complete and understandable enough that the patient can make an 
informed decision, and the participant’s or patient’s consent must be 
veri�ed. Furthermore, with consent processes that involve only remote 
interactions by electronic means, care must be taken that the participant 
or patient has the same opportunities to have any questions and concerns 
addressed in person.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion 3-1: There are gaps in information for SCD that do not 
exist for similar diseases. Robust and well-supported longitudinal 
data collection systems that include the majority of those living 
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with the disease will provide the information and evidence needed 
for decision making and facilitate the evaluation of changes in 
SCD care.

Conclusion 3-2: Communication of SCD results to parents/
guardians, the pediatrician of record, a referred pediatric 
hematologist, and other relevant care providers as well as follow-up 
once diagnosed are inconsistent across state NBS programs. 
Therefore, newborns with SCD and their families do not receive 
standardized quality care and familial support across different state 
programs in a timely manner.

Conclusion 3-3: Follow-up and communication of positive 
SCT status to parents, the pediatrician of record, other relevant 
care providers, and young adults seeking trait status from NBS 
systems are not consistent across state NBS programs. Thus, some 
people with SCT are unaware of their status despite a con�rmed 
determination by NBS. This may affect future reproductive 
decisions and/or health.

Recommendation 3-1: The Centers for Disease Control and Prevention 
should work with all states to develop state public health surveillance 
systems to support a national longitudinal registry of all persons with 
sickle cell disease.

Recommendation 3-2: The Health Resources and Services Administra-
tion, the National Institutes of Health, and the Agency for Healthcare 
Research and Quality should develop a clinical data registry for sickle 
cell disease. The registry would allow for identifying best practices for 
care delivery and outcomes.

Recommendation 3-3: The Of�ce of the Assistant Secretary for Health 
should establish a working group to identify existing and disparate 
sources of data that can be immediately linked and mined. These data 
then can be used to provide needed information on sickle cell disease 
health care services utilization and costs in the short term.

Recommendation 3-4: The Health Resources and Services Administra-
tion should work with states to standardize the communication of and 
use of newborn screening positive results in genetic counseling and 
should create a mechanism for communicating this information across 
the life span and ensuring access to needed support and services.
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A lot of … clinical knowledge is not captured in research yet.…  
[W]e are still de�ning value in a context that really only looks at what 

the existing literature is.

—Sara v. G. (Open Session Panelist)

4

Complications of Sickle Cell Disease 
and Current Management Approaches

Chapter Summary

•	� Sickle cell disease (SCD) is a multi-organ blood and blood vessel 
disease, with pain (both acute and chronic) being its most prominent 
aspect.

•	� Individuals with SCD experience recurrent but unpredictable episodes 
of debilitating acute pain that, over time, evolve into daily chronic pain.

•	� Individuals with SCD also experience severe disease complications, 
with or without accompanying pain.

•	� Lifelong debilitating multi-system organ damage occurs in individu-
als with SCD and is responsible for the continued high morbidity 
and mortality associated with the disease. Currently there is a lack 
of predictors for identifying individuals at risk for the most severe 
complications.

•	� Tremendous strides have been made in the past few decades in the 
care of children with SCD, which have led to almost all children in 
high-income settings surviving to adulthood.

continued
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INTRODUCTION

Sickle cell disease (SCD) is a multi-system disorder resulting from the 
complex interplay among hemolysis (the destruction of red blood cells), 
chronic in�ammation, and systemic vascular damage. Its main present-
ing symptom is pain. Unpredictable, recurrent, and excruciating episodes 
of acute pain—often referred to as “pain crises”—and the various con-
sequences of chronic pain are responsible for most of the psychosocial 
devastation of the disease and are also the primary reason for the use of 
health care (Borhade and Kondamudi, 2019). However, despite its impor-
tance, pain is perhaps the least understood complication of SCD and thus 
will be considered �rst in this chapter, separately from the disease’s other 
complications.

In addition to acute and chronic pain, SCD also has profound effects 
on every organ and system of the body, as discussed later in the chapter. 
Managing SCD requires paying attention to its complex pathophysiology 
and its nuanced effects on general medical comorbidities, which are be-
coming increasingly common as individuals survive into adulthood. The 
SCD population has bene�ted from research that generated evidence-based 
guidelines to prevent infections and strokes (which were the primary reason 
for early mortality in the 1970s and 1980s).

However, although it has been more than 70 years since the precise 
genetic defect responsible for this disorder was identi�ed (Ingram, 2004), 
life expectancy for individuals with SCD remains more than 20 years less 
than that of the general population, according to research conducted at two 
academic medical centers (DeBaun et al., 2019). The characterization of the 
full range of morbidity and the identi�cation of ef�cacious interventions 
for managing the disease have both come much more slowly than for other 
inherited disorders of childhood (such as hemophilia and cystic �brosis). 
Biomarker development to guide clinical care and identify outcome mea-
sures for clinical trials has also proceeded at a slow pace, partly due to the 
complexity of the disease.

There is a desperate need for new and ongoing research to identify and 
widely implement modern, effective, and comprehensive management 

• 	� People with SCD are living longer, into late adulthood; however, 
disease management is still based on limited clinical information in 
adults.

• 	� Further research is needed on evidence-based management ap-
proaches, particularly those that improve quality of life, increase lon-
gevity by preventing chronic organ damage, and mitigate acute and 
chronic complications in both adults and children.
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approaches that will improve both longevity and the quality of life (QOL) 
in children and adults with SCD by preventing chronic complications and 
end-organ damage. Research is also required to identify and deploy strate-
gies to mitigate the intense suffering and morbidity from SCD pain.

PAIN IN SCD

Pain is the prototypical symptom of SCD and the most common reason 
to seek acute or ambulatory care. It is associated with increased morbidity, 
mortality, and high health care costs (Ballas et al., 2012a). Acute vaso-
occlusive episodes (VOEs, also known as pain crises, pain episodes, or vaso-
occlusive crises) are acute episodes of intense pain and are underpinned by 
a complex pathophysiology. VOEs are multifactorial and may stem from 
a variety of causes, and a high rate of VOEs is typically associated with 
early mortality from multi-organ damage. Individuals living with SCD also 
experience daily chronic pain. Pain may occur from chronic end-organ or 
nerve damage from SCD as a result of treatments (e.g., opioid-induced hy-
peralgesia) or from non-SCD medical comorbidities, such as osteoarthritis, 
gout, or rheumatoid arthritis (Dampier et al., 2017).

Pain is, in a sense, an “invisible” complication of SCD. There are often 
no objective physical signs or biomarkers of either acute or chronic SCD 
pain. The lack of an objective tool to accurately predict and characterize 
pain in SCD and to guide clinicians to the appropriate therapeutic interven-
tion remains a signi�cant research gap, as discussed in Chapter 7 (Darbari 
and Brandow, 2017).

The complex pathophysiology of acute and chronic pain in SCD is 
poorly understood, which may be one of the reasons why its treatment 
remains suboptimal. There is insuf�cient understanding of the interplay 
among (1) the pathophysiology of pain in SCD, (2) the cumulative effects of 
recurrent pain episodes, (3) the individual variability in pain perception and 
coping, and (4) the in�uence of pain treatments (particularly the chronic 
exposure to opioids). As a growing number of individuals with SCD have 
now survived into adulthood, the cumulative burden of opioid-related side 
effects, including opioid-induced hyperalgesia, is emerging and will need to 
be further investigated.

Finally, but also importantly, socioeconomic factors relating to race 
and social milieu that are characteristic of the affected population com-
plicate the experience and treatment of pain. Sociodemographic factors 
have been shown to in�uence pain perception, expression, and response to 
treatment (Clark et al., 1999). Individuals with SCD report higher levels of 
pain compared with cancer patients of either the same or a different race 
(Ezenwa et al., 2018). When individuals living with SCD perceive discrimi-
nation from physicians or nurses on account of their race or socioeconomic 
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status, they exhibit poor coping strategies (Ezenwa et al., 2017) and more 
intense stress and pain (Ezenwa et al., 2015; Haywood et al., 2014).

The Epidemiology of Pain in SCD

Acute Pain in SCD

VOEs are characterized by severe and unpredictable acute pain. Diggs 
described the typical acute VOE as being of sudden onset, involving the 
lower back, joints, or extremities, either localized or migratory and often 
continuous and throbbing (Ballas et al., 2012a). The Analgesic, Anesthetic, 
and Addiction Clinical Trial Translations Innovations Opportunities and 
Networks–American Pain Society Pain Taxonomy (AAPT) initiative has 
recently established diagnostic criteria for acute SCD pain (Dampier et al., 
2017). According to AAPT criteria, acute SCD pain is new-onset pain that 
lasts �t��2 hours but that has not been present for more than 10 days or two 
standard deviations above the mean length of an acute pain episode in 
adults with SCD (based on the Pain in Sickle Cell Epidemiological Study 
[PiSCES] cohort) (Field et al., 2019). This de�nition aims to distinguish 
acute pain from transient and chronic pain but may not adequately capture 
pain syndromes that represent a transition from acute to chronic pain.

Acute pain in SCD happens when the rapid breakdown of the sickled 
red blood cell leads to increased in�ammation by depleting the body of anti-
in�ammatory molecules that also help maintain blood vessel integrity. When 
the cells making up the lining of the blood vessels (i.e., the endothelium) are 
damaged, any in�ammation makes it easier for sickled red blood cells to 
obstruct the blood �ow through the vessels. As a result there is an oxygen 
de�cit to the downstream organs, which causes pain in tissues and nerves 
(Ballas et al., 2012a). The chronically heightened in�ammatory state of SCD 
leads to activation of white blood cells, platelets, and endothelial cells as 
well as of the clotting pathways and, ultimately, multicellular adhesion or 
clumping, which results in vaso-occlusion (the obstruction of blood vessels) 
and ischemia–reperfusion injury, which is the damage created by reoxygen-
ation after a period of oxygen deprivation (Kalogeris et al., 2012).

When an organ’s blood �ow is compromised (ischemia), the resul-
tant injury to the body’s pain-sensing (nociceptive) tissue results in acute 
pain (Ballas et al., 2012a). In the bone marrow, in�ammation and death 
of cells (necrosis) occur, leading to pain that may be nociceptive, in�am-
matory, or neuropathic and is experienced acutely but can also persist, 
evolving into chronic pain (Charache and Page, 1967; Conran et al., 2009; 
Zhang et al., 2016).

Repetitive bouts of excruciating pain have a profoundly negative im-
pact on all aspects of HRQOL across the life span (Dampier et al., 2011). 
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Pain rates (measured in episodes per year) in SCD vary by age, with the 
highest rates in the 20- to 29-year-old cohort (Platt et al., 1991). A study by 
Brousseau et al. (2010) found that 21,112 patients had a total of 109,344 
acute care encounters, which yields an acute care use rate of 2.59. This 
means that, on average, the individuals included in the study had approxi-
mately three acute care encounters per year; the majority of these were for 
pain (Brousseau et al., 2010).

Acute care use for pain is responsible for a large proportion of health 
care spending for SCD. Using data from 4,294 Florida Medicaid enrollees 
with SCD, Kauf et al. (2009) determined that the approximately 100,000 
affected individuals in the United States use approximately $1.1 billion 
in medical care; this number is believed to be a conservative estimate 
(Kauf et al., 2009).

Patient-reported VOE pain has been found to be an independent predic-
tor of mortality in individuals with SCD (Darbari et al., 2013). Frequent 
admissions (three or more per year) for acute painful events have been 
demonstrated to correlate with increased mortality (Elmariah et al., 2014). 
An investigation into the causes of death for 209 individuals with SCD re-
vealed that 33 percent who were free of organ damage died during VOEs 
(Platt et al., 1994). These �ndings highlight the link between the symptom 
of pain and its underlying pathophysiology and related complications and 
their attendant morbidity and mortality.

Current treatment approaches are aimed at rapidly relieving pain and 
investigating and mitigating its triggers (Ballas et al., 2012a; Uwaezuoke 
et al., 2018). The most common triggers include dehydration, infection, 
extreme emotional distress, physical overexertion, and exposure to ambient 
temperature extremes (Ballas and Smith, 1992; Ballas et al., 2012a; Yale 
et al., 2000). Most individuals report that they can sense when a crisis is 
imminent and often resort to mindfulness-based and supportive manage-
ment strategies, such as liberal oral hydration, rest, relaxation, massage of 
the affected area, or walking to increase circulation in an effort to abort the 
symptoms (Simmons et al., 2019; Williams et al., 2017). This is in line with 
the �ndings of multiple studies and anecdotal evidence that the majority of 
acute pain in SCD is managed at home, with acute care use occurring in 
only a minority (3–5 percent) of cases (Smith et al., 2008).

Once an individual presents to an acute care setting, the initial phase 
of the VOE treatment is focused on relieving the acute distress and intense 
pain by quickly offering effective analgesia. A typical approach is to provide 
parenteral opioids (typically through an intravenous injection), with or 
without non-steroidal anti-in�ammatory drugs (NSAIDs), and supportive 
hydration (Puri et al., 2018; Uwaezuoke et al., 2018; Yale et al., 2000). 
After the initial relief of intense pain is achieved, the clinician maintains 
pain relief by frequent repeat dosing of analgesia while also treating the 
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underlying trigger, if identi�able, until the pain begins to resolve. Acute pain 
episodes may last from a few hours to a few days, to more than 1 week 
(Okwerekwu and Skirvin, 2018). As acute pain enters the resolving phase, 
it is important to gradually decrease the daily doses of opioids to avoid 
both rebound pain and withdrawal symptoms (Carroll, 2020). There are 
signi�cant research gaps concerning the most effective way to apply the 
current understanding of the pathophysiology of SCD and knowledge of 
opioid pharmacogenomics to develop management strategies for acute pain 
in VOE (Puri et al., 2018).

The acute pain experience is characterized by the current episode of 
pain superimposed on the numerous prior acute pain episodes, plus the 
contribution of any chronic pain condition (Field et al., 2019). Thus, it is 
unrealistic to expect pain in SCD to be unidimensional in either presenta-
tion or response to treatment. The complexity and multifactorial nature 
of pain in SCD are dif�cult to dissect by patients, who may struggle to 
describe pain to health care providers, and by the providers, who may not 
completely understand it and thus inadequately treat it.

Chronic SCD Pain

In addition to acute pain, as individuals with SCD age they increas-
ingly develop chronic pain. Chronic pain in SCD is de�ned as pain lasting 
more than 3 months, according to a National Institutes of Health (NIH) 
expert panel report (NHLBI, 2014). Among adolescents with SCD, this 
type of pain has been observed to change from intermittent acute pain that 
fully resolves between episodes to insidious daily pain with intermittent 
acute exacerbations, with the exacerbations perceived as becoming more 
intense over time (Smith and Scherer, 2010). The PiSCES study reported 
pain in 54.5 percent of 31,017 analyzed patient-days among adults with 
SCD; nearly 30 percent of the study participants reported experiencing 
pain on more than 95 percent of the days surveyed (Smith et al., 2008). 
The prospective Examining Sickle Cell Acute Pain in the Emergency vs. 
Day Hospital trial reported 68 percent of participants with chronic pain 
(Lanzkron et al., 2018), underscoring the high prevalence of this complica-
tion. Chronic pain in SCD often occurs in more than one location in the 
body (Franck et al., 2002), may have a neuropathic component (Wilkie 
et al., 2010), and often is accompanied by comorbid anxiety and depressive 
symptoms (Jonassaint et al., 2016).

The AAPT initiative attempted to better capture the multiple facets of 
chronic pain in SCD by developing an evidence-based classi�cation system 
(Dampier et al., 2017). The new AAPT taxonomy de�nes chronic SCD pain 
as occurring on most days, lasting over 6 months, and evidenced by at least 
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one sign of pain sensitivity or chronic disease complication (e.g., a skin ulcer, 
splenic infarct, or bone infarction) associated with the location of the pain. 
The taxonomy de�nes three speci�c chronic pain subtypes: with contribu-
tory disease complications (such as gallstones, avascular necrosis, bone in-
fracts), without contributory disease complications, and mixed (see Box 4-1). 
The new taxonomy can now be applied to address research gaps in the 
epidemiology, pathophysiology, and treatment of SCD chronic pain.

BOX 4-1 
American Pain Society Pain Taxonomy Diagnostic Criteria 
for Chronic Pain Associated with SCD (Chronic SCD Pain)

Dimension 1: Core Diagnostic Criteria
1.	 Diagnosis of SCD con�rmed by laboratory testing
2.	� Reports of ongoing pain present on most days over the past 6 months 

either in a single location or in multiple locations
3.	 Must display at least 1 sign
	 • 	� Palpation of the region of reported pain elicits focal pain or tenderness
	 •	 Movement of the region of reported pain elicits focal pain
	 • 	� Decreased range of motion or weakness in the region of reported pain
	 •	 Evidence of skin ulcer in the region of reported pain
	 •	� Evidence of hepatobiliary or splenic imaging abnormalities (eg, 

splenic infarc, chronic pancreatitis) consistent with the region of 
reported pain

	 •	� Evidence of imaging abnormalities consistent with bone infarction 
or avascular necrosis in the region of reported pain

4.	� There is no other diagnosis that better explains the signs and symptoms

Chronic SCD pain diagnostic modi�ers:
	 We propose 3 diagnostic modi�ers to indicate subtypes of chronic 
SCD pain.
1.	� Chronic SCD pain without contributory disease complications is used 

if there is no evidence of contributory SCD complications on the ba-
sis of either clinical signs (eg, presence of leg ulcers) or test results 
(eg. Imaging abnormalities)

2.	� Chronic SCD pain with contributory disease complications should be 
wused if there is evidence of contributory SCD complications on the 
basis of clinical signs or mixed results

3.	� Chronic SCD pain with mixed pain types should be used if there is 
evidence of contributory SCD complications (eg, avascular necrosis) 
on the basis of clinical signs or test results and there is pain also oc-
curring in unrelated sites (eg, arms, back, chest, or abdominal pain)

SOURCE: Dampier et al., 2017.
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Neuropathic Pain

Neuropathic pain in SCD is not fully understood, but it likely arises 
from damage to the peripheral or central nervous systems (somatosensory 
system) during or following a VOE (Wilkie et al., 2010). As a result, it may 
be characterized by peripheral nociceptive sensitization or hypersensitivity 
that results in hyperalgesia and allodynia. Hyperalgesia is a heightened 
perception of severe pain generated by stimuli that are typically only mildly 
painful (Colloca et al., 2013; McMahon et al., 2013) and occurs in SCD 
with the onset of chronic pain. With allodynia, there is perception of severe 
pain from repeated stimuli that are usually painless; there is a need for ad-
ditional research to understand its origin, prevention, and treatment in SCD 
(Ballas et al., 2012a).

Neuropathic pain occurs in 25–40 percent of individuals living with 
SCD (Brandow et al., 2014; Ezenwa et al., 2016); this is a signi�cantly 
higher prevalence than in the general pain population although compa-
rable to the prevalence in people with cancer (36–39 percent) (Brandow 
et al., 2014; Rayment et al., 2013). Patients describe neuropathic pain as 
numbness, tingling, and lancinating shooting pain that is paroxysmal and 
often intense (Wilkie et al., 2010). Thermal pain sensitivity documented 
by quantitative sensory testing is indicative of neuropathic pain and has 
been reported in both children and adults (Brandow et al., 2013; Ezenwa 
et al., 2016; O’Leary et al., 2014). Despite the fact that neuropathic pain is 
a common archetype of chronic SCD pain, only 14 percent of adults with 
SCD and chronic pain in one study reported being prescribed adjuvant 
drugs that may target neuropathic pain pathways; the majority of the study 
participants received opioids only (Brandow et al., 2014; WHO, 2018; 
Wilkie et al., 2010).

Central Sensitization

Central sensitization (CS) refers to an increase in sensitivity to pain and 
in the responsiveness of neurons; it causes individuals with SCD to regularly 
experience clinical pain and other chronic pain syndromes (Ballas et al., 
2012a; Campbell et al., 2016; Cataldo et al., 2015). Nociceptive signals 
from the periphery assault the central nervous system and alter the spinal 
cord and brain, causing chronic ampli�cation of pain sensations (Woolf, 
2011). One study reported CS in approximately 17–35 percent of chronic 
pain patients (Schliessbach et al., 2013); by contrast, CS is reportedly pres-
ent in approximately 25–90 percent of individuals with SCD and chronic 
pain, according to two other studies (Campbell et al., 2016; Ezenwa et al., 
2015). A higher degree of CS is associated with more clinical pain, more 
VOE pain, poor sleep, higher rates of pain catastrophizing, and negative 
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mood (Campbell et al., 2016). It is believed that chronic exposure to opi-
oids can result in CS (Cohen et al., 2008; Hay et al., 2009). Additional 
predisposing factors include genetics (Smith et al., 2012), psychosocial and 
behavioral comorbidities (Finan et al., 2013; Smith and Scherer, 2010), and 
neuropsychological factors (Cruz-Almeida et al., 2013).

Opioid-Induced Hyperalgesia

Opioid-induced hyperalgesia (OIH) refers to the paradoxical increased 
sensitivity to pain and heightened perception of pain that occurs after 
repeated/chronic exposure to opioids (Angst and Clark, 2006). With OIH 
even harmless stimuli can trigger an exaggerated pain response that worsens 
with increasing doses of opioids. This is an important differential diagnosis 
of exclusion; OIH is con�rmed when pain perception and experience im-
prove after ending opioid therapy (Lee et al., 2011; Ramasubbu and Gupta, 
2011). While discontinuing opioids is a common approach in treating OIH, 
it should be undertaken with care because it may precipitate opioid with-
drawal (Fishbain and Pulikal, 2019; Lee et al., 2011).

Opioid-Related Cyclical Withdrawal Syndrome

Unfortunately, the most common complication associated with opioids, 
opioid withdrawal syndrome (OWS), has been largely ignored in the man-
agement of SCD (Carroll et al., 2016). The committee was unable to �nd 
any published articles describing cyclic OWS and SCD, even though this 
clinical phenomenon is commonly experienced by individuals with SCD. 
OWS commonly occurs after VOE resolves and patients are transitioned to 
oral opiates without an appropriate taper or parenteral-to-oral dose adjust-
ment. The resulting OWS may be interpreted as a new acute VOE, often 
leading to readmission and a vicious cycle of increased tolerance, higher 
opioid doses, and worse OWS.

Triggers and Psychological Impact of Pain

You can think of any life event, and I can tell you a story of 
how sickle cell disease impacted it.

	 —Tosin O. (Open Session Panelist)

Pain Catastrophizing

Pain catastrophizing is the tendency to worry and obsess about 
pain, leading to feelings of helplessness that interfere with function and 
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adversely affect QOL (Van Damme et al., 2002). The PiSCES study 
reported a signi�cantly higher degree of catastrophizing among adults 
with SCD than among those with other temporal chronic pain condi-
tions (Citero et al., 2007) and also found an inverse relationship be-
tween mood and QOL (p < 0.001) (Citero et al., 2007). A study by Sil 
et al. (2016) showed that when a child and his or her parents express a 
large number of negative thoughts with a mindset of impending doom 
about the pain experience (pain catastrophizing), the child is more likely 
to also experience signi�cant levels of functional disability (Sil et al., 
2016). A failure to address thought patterns about pain can result in 
treatment failure.

Anxiety and Anticipatory Pain

The unpredictability and anticipation of SCD pain may trigger anxi-
ety, as do repeated experiences of undertreatment of pain or inconsistent 
interactions with health care providers during acute pain exacerbations 
(Schlaeger et al., 2019). Some individuals may become anxious or stressed 
that they will have pain and miss an important activity, a life milestone 
(graduating from high school), or social activities with friends. Heightened 
anxiety is associated with increased pain sensitivity and can trigger VOEs. 
The relationship between anxiety and pain is discussed in more detail later 
in this chapter.

Treatment of Pain

Acute SCD Pain Management

The NHLBI evidence-based consensus guidelines (NHLBI, 2014) pro-
vide a general philosophy for managing acute SCD pain. The guidelines 
recommend prompt oral or intravenous analgesia for rapid relief. The 
recommended drugs to treat acute VOE pain at home include oral mild to 
moderate opioids, such as hydrocodone, oxycodone, morphine, or hydro-
morphone. Once oral therapy has failed, the recommendation is to proceed 
to intravenous or subcutaneous administration of morphine or hydromor-
phone or intranasal or intravenous administration of fentanyl. Pain relief 
should be paired with a thorough assessment of the cause or trigger of 
the pain event—including infections, dehydration, or acidosis—and then 
prompt treatment of the identi�ed triggers and any other complications 
identi�ed. Ideally, the prompt treatment of acute SCD pain should take 
place in a dedicated SCD day hospital, observation unit, or infusion center 
with trained personnel who follow standardized treatment plans with indi-
vidualized dosing, when possible.
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Chronic SCD Pain Management

Management of SCD chronic pain in the United States has traditionally 
been unidimensional and involved opioid titration and rotation; there are 
very few studies to identify best practices for treating chronic pain. With-
out evidence-based recommendations for treating chronic pain in SCD, the 
committee borrowed best practices from the general chronic pain literature 
and the recent Centers for Disease Control and Prevention (CDC) guidelines 
for opioid prescribing to manage chronic pain. The guidelines recommend 
non-pharmacological therapies due to the lack of proven ef�cacy and dem-
onstrated harm associated with long-term opioid therapy (Dowell et al., 
2016). Additionally, existing guidelines prescribe a structured approach to 
the use of opioids for chronic pain, including realistic goal setting between 
provider and patient after discussion of risk and bene�ts of opioids, with 
regular reappraisal; use of the lowest effective dose of preferably short-acting 
opioids, with caution when escalating doses over recommended morphine 
equivalent per day limits; minimal use of long-acting opioids when pos-
sible; not co-prescribing opioids with other sedating medications (benzodi-
azepines); the use of risk mitigation strategies (including reviewing the state 
prescription drug monitoring database for controlled substance prescription 
history); urine drug testing; and supporting evidence-based treatment for 
substance use disorder (SUD) when identi�ed (Dowell et al., 2016).

While these guidelines seem intuitive, they are outside of the usual 
scope of practice of hematologists who care for individuals with SCD. The 
complications associated with long-term exposure to opioids have been 
overlooked, and individuals with SCD are poorly informed about the po-
tential contribution of chronic opioids to their current and prior medical 
comorbidities (Benyamin et al., 2008). Delayed puberty, gastrointestinal 
complaints, and OIH are examples of complications that patients and 
health care providers may not always recognize as opioid-related.

The management of SCD chronic pain remains an area of frustration 
and dissatisfaction for providers and people living with SCD. Insurance plans 
typically limit access to non-pharmacologic therapies, which are, as a con-
sequence, often overlooked in SCD. With the obvious need to de-emphasize 
the use of opioids in chronic pain management, there have not been com-
mensurate evidence-based recommendations for alternative approaches.

Non-Opioid Medications

Acetaminophen Oral acetaminophen has been widely used in multimodal 
pain management strategies in SCD with variable ef�cacy (Shah et al., 
2019). Intravenous acetaminophen is rarely used because of cost consid-
erations, but it has been found to reduce acute pain in children with SCD 
(Baichoo et al., 2019).
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NSAIDs While ketorolac and other NSAIDS have been routinely incorpo-
rated in the management of acute pain in SCD, studies about their effective-
ness in controlling SCD pain have shown mixed results (Beiter et al., 2001; 
Hardwick et al., 1999; Perlin et al., 1994; Wright et al., 1992). Importantly, 
caution is paramount when using NSAIDs in SCD because kidney dys-
function may exist even in the presence of a normal serum creatinine and, 
therefore, remain undiagnosed. Acute kidney injury with ketorolac use has 
been reported in SCD (Baddam et al., 2017; Simckes et al., 1999).

Cannabis Cannabis use is prevalent in SCD, with one small study showing 
that 18 percent of the study participants (all of whom had SCD) had posi-
tive urine test for cannabis alone and 5 percent tested positive in combi-
nation with cocaine/phencyclidine (Roberts et al., 2018). The majority 
of cannabis users with SCD report that cannabis helps them relax and 
alleviates insomnia (Howard et al., 2005). A minority state that they use 
cannabis only for non-medical reasons and recreationally. The regulatory 
framework around marijuana is becoming more lax in the United States, 
and marijuana for medical use can be obtained legally under certain qualify-
ing conditions in 33 states and the District of Columbia (Procon.org, 2019); 
SCD is a qualifying medical condition in several U.S. states.

In spite of the increased availability of medical marijuana, evidence 
for its ef�cacy and safety in SCD is limited. A study conducted on patients 
with SCD using recreational cannabis showed that cannabis use was as-
sociated with increased hospitalizations (Ballas, 2017), but causality could 
not be inferred because sicker patients may have been more prone to using 
cannabis to relieve their symptoms. Studies in sickle mice show that can-
nabinoids may reduce pain by reducing mast cell activation and in�amma-
tion (Vincent et al., 2016), but controlled studies in people with SCD are 
lacking. Thus, efforts should be made to rapidly close the research gaps on 
the therapeutic effects and risks associated with marijuana and other can-
nabinoids in treating pain in SCD (NASEM, 2017).

Topical lidocaine Topical lidocaine has been associated with improved pain 
control in small studies (Rasolofo et al., 2013), but it is not generally ap-
proved by insurance plans and is rarely used for home management.

Ketamine Intravenous ketamine is emerging as an alternative to morphine 
for acute pain management in SCD and may lead to lower opioid consump-
tion (Lubega et al., 2018; Puri et al., 2019). However, neurological and 
psychiatric side effects are likely to limit its widespread use in the future.

Drugs targeting neuropathic pain Neuropathic pain is dif�cult to treat and is 
usually refractory to opioid and non-opioid analgesics (e.g., acetaminophen, 
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NSAIDS). Tricyclic antidepressants, gabapentin, and pregabalin have been 
extensively used to treat neuropathic pain in other diseases but are unde-
rused in SCD (Sharma and Brandow, 2020). In a pediatric administrative 
dataset, neuropathic pain-targeting drugs were prescribed to only 2.9 per-
cent of children, and their use was associated with older age, female gender, 
and longer length of stay (Brandow et al., 2015).

Partial Agonist Opioids

Buprenorphine Buprenorphine is a recently approved opioid with lower 
risk for misuse, withdrawal symptoms, and cravings for opioids as well 
as reduced risk of overdose. Recent data showed successful conversion to 
buprenorphine in patients with chronic pain and high opioid doses with a 
decrease in pain scores and acute care use, and increase in QOL measure-
ments (Osunkwo et al., 2019).

SCD and the Opioid Epidemic

It is important to draw a clear distinction between the appropriate 
pain management used to address “acute-on-chronic” pain conditions like 
VOE in SCD and the overprescribing of pain medications that has led to 
the opioid epidemic in the United States. CDC has recently updated its 
opioid overuse prescribing guidelines to acknowledge that the pendulum 
has swung too far in the direction of restricting access, to the point that 
patients with a clear need for long-term opioids are being denied appropri-
ate care (ASH, 2019; Meghani and Vapiwala, 2018). Because the opioid 
epidemic has become a major public health concern, the messaging to 
providers has tended to emphasize documenting the pain source, carrying 
out an appropriate workup, developing functional goals for pain, using a 
state registry to track controlled substance prescriptions, and monitoring 
prescriptions appropriately (Dowell et al., 2016). While all of these proce-
dures are reasonable, the proliferation of high-pro�le provider indictments 
has resulted in a reluctance on the part of physicians to prescribe opioids 
for pain, further restricting access for vulnerable groups.

The committee believes that the unintended consequence of the new 
opioid-adverse climate could be a decreased access to opioids for patients 
with SCD in need, such as those who are managing or recovering from 
acute VOE or have previously been maintained on daily opioids; pharma-
cies may not stock opioids in underserved communities perceived to have 
high rates of “opioid-using individuals” or risk of robbery, and some may 
require a 72-hour hold to allow time to investigate the appropriateness of 
the prescription. This climate has re�ected on patient’s perceptions of dis-
crimination; people living with SCD have reported feeling increased stigma 
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regarding their diagnosis and medication pro�le both within the hospital 
and at the pharmacy (Meghani and Vapiwala, 2018).

Non-Pharmacological Treatments of Pain in SCD

Non-Pharmacological Approaches

Various non-opioid-based treatments have been proposed for reducing 
acute pain and the duration of pain and for preventing pain in SCD; these 
treatments should be incorporated into a multidisciplinary pain control 
strategy whenever possible (Niscola et al., 2009). Because uncontrolled de-
pression, anxiety, emotional trauma, and poor self-ef�cacy can worsen pain 
perception and control, behavioral and psychiatric comorbidities should be 
addressed as part of pain control strategies.

Oxygen In acute VOEs, oxygen has been used to shorten the duration of 
VOE and to prevent complications, but its indiscriminate use in non-hypoxic 
settings could be detrimental (Helmerhorst et al., 2015). Importantly, while 
oxygen is helpful in treating acute hypoxemia, small studies have shown no 
additional bene�t in terms of reducing the duration or severity of a VOE 
(Niscola et al., 2009). Large studies on this topic are lacking.

Topical heat and massage There is low-quality evidence (i.e., primarily pilot 
studies with convenience samples) indicating that both heat and massage 
have moderate ef�cacy in pain control. Massage in adults and children 
living with SCD holds promise for reducing pain (Bodhise et al., 2004; 
Myers et al., 1999) and may lead to reduced use of pain medication and 
emergency department (ED) visits (Bodhise et al., 2004). The committee 
found one randomized controlled trial that evaluated massage in pediatric 
SCD (Lemanek et al., 2009); youth receiving the massage intervention 
had lower levels of pain, decreased anxiety and depression, and better 
overall functioning. More research is needed to understand the impact of 
massage in SCD.

Hydration Hydration has been a cornerstone of VOE prevention (Okomo 
and Meremikwu, 2007), but its bene�ts have been challenged in recent 
years because overhydration carries a risk of pulmonary edema, acute 
lung injury, and cardiac complications (Barabino et al., 2010; Gaartman 
et al., 2019). Intuitively, hypotonic solutions may ameliorate red blood cell 
dehydration in SCD and reduce sickle hemoglobin (HbS) polymerization 
and sickling, but recent publications have demonstrated that hypertonic 
�uid may have a negative impact on red cell deformability in in vitro mi-
cro�uidic models and result in poorer pain control in pediatric patients 
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presenting to the ED for acute VOE pain (Carden et al., 2017, 2019). Large, 
controlled clinical studies are needed to determine the optimal intravenous 
�uid solution and the rate and volume of administration.

Incentive spirometry Using an incentive spirometer (a device that tracks and 
promotes slow, deep breathing) has been shown to reduce the risk of pul-
monary complications in VOE (Bellet et al., 1995; Yawn et al., 2014); all 
hospitalized patients with VOE should be encouraged to use an incentive 
spirometer throughout the hospital stay.

Complementary and Alternative Medicine

Complementary and alternative medicine (CAM) is a catch-all category 
for treatments that reside outside traditional medical science, such as hyp-
nosis, yoga, acupuncture, massage, and prayer. Mind–body techniques such 
as mindfulness mediate endogenous pain at the supraspinal level. Studies 
have found that individuals with SCD frequently use CAM, including 
prayer, acupuncture, dietary supplements, relaxation, massage, and exercise 
(Niscola et al., 2009; Thompson and Eriator, 2014).

Acupuncture Acupuncture involves placing needles into de�ned points on 
the body to relieve symptoms. There are reports of reduced pain with acu-
puncture in SCD (Bhushan et al., 2015; Sinha et al., 2019), while another 
study found no difference in SCD pain after acupuncture or control treat-
ment (needles placed randomly) (Co et al., 1979). A recent study conducted 
at the NIH Clinical Center found that people living with SCD and receiving 
acupuncture while hospitalized or in the outpatient setting demonstrated 
reductions in pain (Lu et al., 2014). Recent evidence showed that children 
with SCD receiving acupuncture to treat acute SCD pain in an ED experi-
enced decreased pain scores post-treatment (Tsai et al., 2018).

Further studies are needed to con�rm the clinical bene�t of acupunc-
ture, particularly on different types of SCD pain (e.g., neuropathic) (Lu 
et al., 2014). It is also important to note that this treatment may not be 
covered by insurance plans, making it dif�cult for individuals to access 
(Sinha et al., 2019).

Yoga Yoga, a practice that incorporates physical positions, mindfulness, re-
laxation, and breathing exercises, has been shown to reduce chronic and acute 
pain in adults, although there are limited data concerning its use for the 
treatment of SCD pain. The only randomized controlled trial of yoga as a 
treatment for acute SCD pain for children hospitalized with VOE supported 
its feasibility, acceptability, and potential for reducing pain (Moody et al., 
2017). However, the committee was unable to �nd similar studies for adults.
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Folk remedies As discussed in Chapter 2, African Americans’ mistrust of 
the health care establishment and perceived discrimination by providers 
may lead to discounting care providers’ recommendations and resorting to 
using home or “folk” remedies. Quandt et al. (2015) found that older, rural 
African Americans were more likely to use both food- and non-food rem-
edies than were older, rural whites and that these remedies were sometimes 
used in place of prescription medications. The authors note that these home 
remedies “can potentially interfere with biomedical treatments” (Quandt 
et al., 2015, p. 1), thereby warranting further research.

Behavioral Treatment

Behavioral treatment can modulate the pathway between nociceptive 
pain and emotional responses to pain in the limbic system, hypothalamus, 
and amygdala, thus potentially reducing the perception of pain.

Cognitive behavioral therapy As discussed in Chapter 2, cognitive behav-
ioral therapy (CBT) has been shown to be effective in the SCD population 
by addressing coping strategies and normalizing chronic pain. In CBT, in-
dividuals learn to differentiate emotional and behavioral reactions from a 
triggering event, such as pain (Anie and Green, 2015; Schatz et al., 2018). 
This method addresses thought distortions, working to de-catastrophize 
pain and address automatic negative thoughts associated with pain.

Mindfulness Mindfulness is a treatment that involves heightening one’s level 
of awareness by intentionally attending to the present in an accepting and 
non-judgmental way (Kabat-Zinn, 2009). Mind–body techniques, such as 
mindfulness meditation, mediate endogenous pain at the supraspinal level. 
Mindfulness-based interventions led to reduction in chronic pain (Reiner 
et al., 2013). A 4-week guided imagery intervention improved self-ef�cacy 
in children with SCD (Dobson and Byrne, 2014). A study of children and 
adults found that self-hypnosis over 18 months reduced pain frequency and 
improved sleep but did not affect rates of school absenteeism (Dinges et al., 
1997). An ongoing, randomized trial of a telephone-delivered mindfulness 
intervention for adults with SCD is examining the impact of mindfulness 
on pain catastrophizing (Williams et al., 2017).

OVERVIEW OF SCD COMPLICATIONS

SCD affects multiple organs over the life span. The earliest complica-
tions develop at the age of 6 months and coincide with the almost complete 
replacement of fetal hemoglobin with adult hemoglobin in red blood cells 
(Kanter and Kruse-Jarres, 2013). Some of the most common complications 
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in children are splenomegaly (an enlarged spleen), dactylitis (painful in�am-
mation of �ngers and toes), and jaundice. Some complications may appear 
in childhood and persist through adulthood, while others, especially those 
pertaining to organ failure, may manifest later in adulthood. SCD compli-
cations are best understood when grouped according to whether they are 
acute or chronic and based on the systems they affect. General medical 
comorbidities can have a negative effect on SCD outcomes, with the reverse 
being also true. Very little data have been published on the impact of gen-
eral medical comorbidities in SCD, particularly among adults.

Table 4-1 summarizes the complications of SCD by the affected or-
gan system, describing the signs and symptoms experienced acutely and 
chronically. The table also highlights the comorbidities that often occur as 
a cause or consequence of these complications and must be considered in 
the overall management of SCD. The table is followed by a brief description 
of available evidence on some of the most common complications. These 
complications are also discussed by Ballas et al. (2012b) and Ballas (2018).

System- or Organ-Speci�c Complications of SCD

Cardiovascular System

SCD is a chronic hemolytic anemia and can lead to various cardiopul-
monary and circulatory disorders. Cardiac hypertrophy (enlargement of the 
heart) develops early in life in response to chronic anemia. Diastolic dys-
function, possibly from myocardial �brosis, is relatively common (Gladwin, 
2017). Risk factors for increased cardiovascular mortality among individu-
als with SCD include systemic hypertension, pulmonary hypertension, heart 
attack, and possibly subclinical electrical instability (Haywood, 2009).

Central Nervous System

SCD causes acute and chronic neurological complications. Research 
conducted using data from patients enrolled in the Cooperative Study of 
Sickle Cell Disease shows that the chances of having a cerebrovascular 
accident (de�ned as transient ischemic attack, completed infarctive stroke 
and hemorrhagic stroke) for the �rst time by age 20 years is 11 percent and 
by age 45 years is 24 percent for those with HbSS (i.e., the form of SCD 
in which a child inherits a sickle cell hemoglobin gene from each parent) 
(Ohene-Frempong et al., 1998).

Rates of silent strokes (ischemic lesions detectable by magnetic reso-
nance imaging that do not cause symptoms of acute stroke) are even higher: 
21 percent in children (Pegelow et al., 2002) and more than 50 percent in 
adults (Kassim et al., 2016). Hemorrhagic strokes are also more prevalent in 
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individuals with SCD. Among the chronic complications, cognitive impair-
ment, particularly involving de�cits in executive function, is highly prevalent 
in both children (Steen et al., 2005) and adults (Vichinsky et al., 2010).

Ninety percent of pediatric strokes can be prevented by transcranial 
Doppler (TCD) screening and prophylactic transfusion of children with 
high TCD velocities (Adams and Brammbilla, 2005). However, screening 
and early interventions for other neurological complications in adults is 
not available.

Dental

It is well recognized that poor oral health is directly associated with 
increases in both cardiovascular and all-cause mortality (Jansson et al., 
2002); this is also true for individuals with SCD. Individuals with SCD 
are prone to dental complications such as aseptic pulp necrosis, delay in 
dental eruption, mucosal damage due to anemia, dental nerve infarcts, 
and increased risk of caries and enamel erosion. Pain treatment with opi-
oids contributes to these issues: gum and oral infection from poor dental 
hygiene and dry mouth from opioid use. The likelihood of hospitaliza-
tion in adults with SCD increases with dental infections (Laurence et al., 
2013). One study found that optimal dental care led to a statistically 
signi�cant reduction in hospital admissions and total days hospitalized 
(Whiteman et al., 2016).

Endocrine System

Weight gain, metabolic syndrome, and obesity are increasingly recog-
nized comorbidities in the SCD population, particularly in those with the 
compound heterozygous genotypes SC/SB+ (Mandese et al., 2019; Ogunsile 
et al., 2019). There is a high prevalence of vitamin D de�ciency, osteopenia, 
and osteoporosis in SCD. Renal osteodystrophy in SCD may confer worsen-
ing chronic pain and is often unrecognized and nonresponsive to opioids 
(Elsurer et al., 2013; Seck et al., 2012). Similarly, vitamin D de�ciency and 
osteoporosis or osteopenia can result in pain (Catalano et al., 2017; Glaser 
and Kaplan, 1997; Osunkwo, 2011).

Fat Embolism Syndrome

Fat embolism syndrome is a life-threatening complication of SCD that 
occurs due to VOE-induced ischemic bone marrow infarction and the 
release of fat globules into the venous circulation (Dang et al., 2005); it 
may lead to multi-organ failure syndrome and death (Gangaraju et al., 
2016). Fat embolism syndrome in SCD has a high overall mortality rate of 
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64 percent in a recent report (Tsitsikas et al., 2014). Mortality was reduced 
to 29 percent with exchange transfusion, as compared with 61 percent in 
those receiving a simple transfusion and 91 percent in the untransfused 
group (Tsitsikas et al., 2014).

Gallbladder

Cholelithiasis (gallbladder stones) is common in SCD, and many pa-
tients undergo cholecystectomy at some point over their life span. However, 
there are limited data on whether elective cholecystectomy is warranted in 
people with SCD, particularly because patients with SCD are more suscep-
tible to perioperative complications (Howard et al., 2013; Plummer et al., 
2006; Solanki and McCurdy, 1979). Other hepatobiliary complications 
include acute intrahepatic cholestasis, sickle hepatopathy, and hepatic se-
questration (the pooling of red blood cells in the liver).

Gastrointestinal System

While there are limited reports of ischemia–reperfusion injury from 
sickling in the mesenteric vessels, chronic dyspepsia, decreased gastric and 
bowel motility, and gastroesophageal re�ux disease are very common and 
may represent a form of autonomic dysfunction, particularly when coupled 
with the dysmotility side effect of opioids. NSAIDs for pain may also induce 
gastritis/esophagitis and upper and lower gastrointestinal bleeding (Gardner 
and Jaffe, 2015; Gardner et al., 2016).

Genitourinary and Reproductive System

The sexual and reproductive consequences of SCD are profound and 
poorly studied. There is an increased frequency of VOE during puberty, 
pregnancy, and menopause. Pregnancy remains high-risk and requires pro-
active co-management with high-risk obstetrics and attention to the risk 
of early fetal demise, pre- and post-eclampsia, preterm labor, deep vein 
thrombosis, and intrauterine growth restriction (IUGR). Women with SCD 
are at higher risk of maternal and fetal mortality and are more likely to 
undergo Cesarean sections than those without SCD (Hassell, 2005; Kuo 
and Caughey, 2016).

Fetal growth problems, such as IUGR and small for gestational age and 
prematurity affect offspring with unclear long-term impacts (Oteng-Ntim 
et al., 2015). Women with red blood cell (RBC) alloimmunization are at 
risk for having babies with hemolytic disease of the newborn, and those 
exposed to opioids are at increased risk for neonatal abstinence syndrome 
(Nnoli et al., 2018).
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Up to 48 percent of male individuals with SCD experience recurrent 
episodes of priapism (sustained, undesired, painful erections); the peak in-
cidence is during puberty and young adulthood with the hormonal surges 
in testosterone, but it may be seen as young as age 7 (Arduini and Trovo 
de Marqui, 2018). The long-term consequences of recurrent or stuttering 
priapism may include the early development of erectile dysfunction, penile 
�brosis, and impotence (Mantadakis et al., 1999).

Hematopoietic System

Anemia, de�ned by a decreased hemoglobin concentration, is a hall-
mark of SCD and is almost invariably present in individuals with homo-
zygous HbS (sickle cell anemia, or SCA). The symptoms of severe anemia 
include pallor, fatigue, decreased exercise tolerance, shortness of breath, 
and decreased cognitive function. The severity of anemia has been associ-
ated with serious complications such as stroke in children with SCD. Hemo-
lysis (the premature destruction of RBCs) causes a cascade of downstream 
effects that cause chronic in�ammation, as well as abnormalities in blood 
cells and the vessel wall function (Gordeuk et al., 2016). There is a large 
body of evidence that links the severity of hemolysis to severe complica-
tions, including pulmonary hypertension and chronic kidney disease (Kato 
et al., 2017; Nouraie et al., 2013; Taylor et al., 2008).

Immune System and Spleen

Infarction of the spleen early in life causes autosplenectomy (i.e., the 
progressive transformation of the spleen into �brous scar tissue) and func-
tional asplenia (the absence of protection of the spleen from certain bacteria) 
(Brousse et al., 2014). Children who have undergone autosplenectomy are 
susceptible to infections from S. pneumoniae and other bacteria and may 
die from bacterial sepsis (Brousse et al., 2014). The institution of penicillin 
prophylaxis and immunizations against H. in�uenzae and S. pneumoniae 
early in life in children with SCD have proven to be very effective preven-
tive strategies.

Musculoskeletal System

Most acute presentations of SCD involve bone pain, which may oc-
cur during acute hypoxic ischemic injury to a signi�cant portion of a 
bone (Ballas et al., 2012b). If the injury persists over time, evolution to 
bony infarcts occurs. In the epiphysis, this is referred to as osteonecrosis 
(Vanderhave et al., 2018). Avascular necrosis is painful, may have signi�-
cant function-limiting effects, and requires joint replacement in late stages 
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(Ballas et al., 2012b; Vanderhave et al., 2018). It may occasionally be dif-
�cult to distinguish bone infarcts from osteomyelitis in SCD.

Ophthalmic System

Ocular consequences of SCD include retinopathy (damage to the retina) 
that typically occurs in the peripheral retinal vascular bed, as compared 
with diabetic retinopathy, which is more likely to affect the central bed. 
Adequately diagnosing sickle retinopathy requires training; individuals with 
SCD are advised to get annual or biennial screening ophthalmological ex-
ams beginning at age 10 and to receive early timed intervention if retinopa-
thy is identi�ed (Yawn et al., 2014). Other ocular complications include 
bony infarcts of the orbital and facial bones and orbital hematomas, which 
can lead to vision-threatening complications.

Pulmonary Complications

Pulmonary complications are leading causes of death in SCD. Acute 
chest syndrome (ACS) is a major acute pulmonary complication that, 
without prompt intervention, carries high mortality (Novelli and Gladwin, 
2016). Pulmonary hypertension is a chronic complication that affects 
predominantly adult individuals with homozygous HbS (prevalence of 
6–10 percent) (Fonseca et al., 2012; Mehari et al., 2012; Parent et al., 
2011). Pulmonary hypertension is an independent risk factor for death in 
SCD, with a 6-year mortality rate of approximately 40 percent (Mehari 
et al., 2012). Transthoracic echocardiography is an important screen-
ing tool for symptomatic individuals with SCD; abnormal blood �ow 
across the tricuspid valve indicates an increased mortality risk in SCD 
(Gladwin et al., 2004) and risk-strati�es patients for additional pulmo-
nary hypertension testing. Research is under way to determine the opti-
mal screening strategies in individuals with SCD and the best therapeutic 
approaches for those with pulmonary hypertension con�rmed by cardiac 
catheterization.

Asthma and airway hyperreactivity are signi�cant comorbidities in 
SCD, particularly in children, and are associated with worse disease out-
comes (Field et al., 2011). Finally, restrictive lung de�cits are also more 
common in individuals with SCD.

Renal System

The kidney is compromised early in life with both glomerular and 
tubular damage. Individuals with SCD experience early mortality once end-
stage renal disease ensues (McClellan et al., 2012) and may require renal 
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replacement therapy. Kidney transplant has been successfully performed in 
patients with SCD (Boyle et al., 2016; Gérardin et al., 2019).

Renal medullary carcinoma is a rare, aggressive tumor that occurs in in-
dividuals with sickle cell trait (SCT) or SCD (less frequently) at a higher-than-
average rate (Blas et al., 2019). Guidelines for diagnosis and management are 
needed, as well as an international registry and biorepository (Blas et al., 2019).

Screening for microalbuminuria identi�es individuals with SCD at 
risk of developing chronic kidney disease and is recommended by current 
guidelines.

Non-Organ-Speci�c Complications of SCD

Many SCD complications are not restricted to any one organ system, 
and the impact of the disease on QOL can be profound but hard to de�ne 
and compartmentalize. Table 4-2 presents an overview of SCD complica-
tions that are not con�ned to one organ system and their related acute and 
chronic manifestations and comorbidities.

Behavioral Health in SCD

There were many days where I took the main medication 
just hoping that I would not wake up. I would not wake up 

to face another day of emotional pain. And the judgment 
that came from the community.

—Jenn. N. (Open Session Panelist)

Researchers investigating the mental health impacts of living with SCD 
have focused primarily on the diagnoses of depression and anxiety as re-
lated to pain and pain coping behavior. Anie (2005) reported that the most 
common variables assessed included anxiety, depression, coping, neurologi-
cal complications, and QOL. These studies are limited and allow for only 
correlative results as they differ in their sample size, the choice of a control 
group, and how each outcome was assessed. In individuals with SCD, pain 
affects psychological and behavioral health and creates challenges (Benton 
et al., 2011; Thomas et al., 1998).

Depression and anxiety As with other chronic diseases, depressive symptoms 
are frequently reported among youth and adults with SCD (Anie, 2005; 
Levenson, 2008; Lukoo et al., 2015). Jonassaint et al. (2016) found that 
across 12 SCD studies, the prevalence rates for depression were 2–57 percent. 
The PiSCES study also found high rates of depression, with 27.6 percent of 
308 adults reporting depressive symptoms (Sogutlu et al., 2011).
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One early study (Jenerette et al., 2005) used the Beck Depression Inven-
tory (BDI) Fast Screen for 232 adults living with SCD. The SCD sample 
had higher levels of depression (26 percent) and depressive symptoms 
(32 percent) than the overall United States population (9.5 percent). The 
authors attributed their �ndings to the stigma of SCD.

Reports from the PiSCES project indicated that both adults and chil-
dren with SCD experienced worse HRQOL than the general population, 
particularly in the domains of bodily pain, vitality, social function, and 
general health (Anie et al., 2002; Kater et al., 1999; McClish et al., 2005; 
Thomas and Taylor, 2002). In a prospective study using the BDI, involv-
ing 142 patients, results indicated that QOL scores were signi�cantly but 
inversely related to depression, with high depression scores associated with 
worse QOL scores (Adam et al., 2017). Health care system usage and in-
patient costs were also signi�cantly higher for patients with high scores on 
the BDI; the adjusted total costs were nearly twice as high for the depressed 
group as for the non-depressed group.

Studies have found a reciprocal relationship between depressive symp-
toms and pain in SCD (Jonassaint et al., 2016). Depressed mood and nega-
tive thinking in�uence an individual’s ability to cope with pain, and pain 
increases the risk of experiencing depression. People with SCD who report 
depressive symptoms also appear to have more frequent and severe pain. 
In the PiSCES study, depression was associated with increased reports of 
days with pain (71.1 versus 49.6 percent for the non-depressed group) and 
with increased pain impact during “non-crisis days” (judged according to 
distress, interference with normal activities, and overall mean pain scores) 
as compared with the non-depressed group (Levenson et al., 2008). Hasan 
et al. (2003) found that depressive symptoms were associated with more 
frequent ED visits and admissions for VOEs. In a systematic review of de-
pression and health care use, Jonassaint et al. (2016) found that people with 
SCD who had depressive symptoms were more likely to have high health 
care use (2.8 times greater risk). This population also had more hospitaliza-
tions per year (Jonassaint et al., 2016).

The frequency of pain in a child and parent catastrophizing about that 
pain emerged as predictors of clinically signi�cant depressive symptoms in 
children (Goldstein-Leever et al., 2018). Bakri et al. (2014) demonstrated 
the negative effects of repeated hospitalizations on the behavior of chil-
dren with SCD, reporting increased rates of anxiety/depression, somatic 
complaint, withdrawn or aggressive behavior, and internalizing symptoms.

A similar relationship has been found between anxiety and pain in 
SCD. Adults with SCD have a prevalence rate of anxiety around 6.5 percent 
(Levenson et al., 2008). In the PiSCES study, people with SCD and anxiety 
symptoms also reported an increased use of opioids during crisis and non-
crisis days (Levenson et al., 2008). This pattern is also present in children 
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with SCD. A retrospective chart review found that children with SCD and 
anxiety symptoms had longer hospital stays and more hospitalizations for 
pain due to VOEs (Myrvik et al., 2012, 2013).

For some individuals, living with SCD is akin to experiencing recurrent 
episodes of psychological trauma. Individuals with SCD report experienc-
ing a constant fear of death or feeling that the current trip to the ED will 
be their last because of the unpredictability of the acute exacerbations. 
Many people living with SCD settle into an “automatic survival mode,” 
with hypervigilance and hyperreactivity to sound, speech, and movements, 
and this leads to a chronic fatigue and exhaustion similar to posttraumatic 
stress disorder (PTSD), which is caused by an intense, disturbing emotional 
response to a traumatic experience that involved actual or threatened death 
or serious injury or harm. PTSD has on occasion been reported in the SCD 
literature (Alao and Soderberg, 2002; Hofmann et al., 2007).

Although it seems intuitive that a relationship exists between SCD status 
and depression, it is dif�cult to con�rm the etiology of that link. The existing 
research is imbalanced and has gaps and numerous associated methodologi-
cal challenges, including the measurement of depression and the use of a 
control group. Clearly, this is an area in need of further research.

Insomnia and other sleep disorders  People living with SCD commonly 
experience signi�cant sleep problems. For instance, children have a higher 
prevalence of sleep-disordered breathing, which can contribute to learn-
ing dif�culties, behavioral problems, higher blood pressure, and reduced 
growth (Valrie et al., 2007). Children also experience dif�culty falling 
asleep, low blood oxygen levels at night, night awakenings, longer periods 
before rapid eye movement (REM) sleep, short REM sleep duration, uri-
nary incontinence, and subsequent daytime sleepiness (Valrie et al., 2013). 
As adults, they are very likely to experience sleep-disordered breathing, 
with more than 70 percent reporting some sleep disturbance symptoms 
(Wallen et al., 2014). Additionally, adults with SCD have late sleep onset 
and decreased sleep duration and spend more time awake during the night 
(increased sleep fragmentation), with almost the entire sample (97 per-
cent) reporting poor sleep (Wallen et al., 2014). Although sleep-disordered 
breathing is a signi�cant health concern for individuals with SCD (Sharma 
et al., 2015), little physiological sleep research has been carried out, and 
the available interventions are limited.

Neurocognitive complications  The physiologic effects of SCD increase the 
risk for a range of neurologic complications (e.g., stroke, silent cerebral in-
farct [SCI], microstructural white matter abnormalities), resulting in signi�-
cant cognitive de�cits (Kawadler et al., 2016; Prussien et al., 2019; Schatz 
et al., 2002). Children with SCD, with and without prior history of stroke 
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or SCI, have higher rates of developmental disabilities. Speci�cally, among 
all African American children, 0.6 percent of the observed developmental 
disabilities (e.g., intellectual disabilities, cerebral palsy, hearing, and visual 
impairment) can be attributed to SCD. Furthermore, the increased risk for 
developmental disabilities in individuals with SCD is mostly due to stroke 
(Ashley-Koch et al., 2001).

Intelligence quotient (IQ) is the most commonly assessed aspect of 
cognition in the literature, and IQ is most often lower in people with SCD 
than in controls (e.g., siblings and peers) (Prussien et al., 2019). The most 
signi�cant childhood IQ de�cits are associated with stroke and SCI, but 
SCD patients with normal-appearing magnetic resonance imaging (MRI) 
tests may also have IQ de�cits. Findings from a meta-regression of studies 
conducted in a pediatric SCD population indicated that there are signi�cant 
differences of approximately 10, 6, and 7 points in IQ for children living 
with SCD with stroke (compared with those with SCI), SCI (compared 
with those with no SCI), and normal-appearing MRI (compared with chil-
dren with no SCD and normal MRI), respectively (Kawadler et al., 2016). 
Cognitive de�cits have been observed across a range of domains (e.g., 
memory, learning, language, visuospatial abilities) (Berkelhammer et al., 
2007); however, the most signi�cant and consistent de�cits are in executive 
abilities (Hood et al., 2019), attention (Daly et al., 2012), and processing 
speed (Stotesbury et al., 2017).

The etiology, risk factors and trajectory of cognitive impairment in 
individuals with SCD without a history of stroke or silent cerebral infarct 
is a major gap in knowledge.

Substance use disorders/opioid use disorders There is signi�cant ambigu-
ity and hesitancy surrounding the application of the terms “substance use 
disorder” (SUD) and “opioid use disorder” (OUD) in the context of SCD. 
This is partly due to the concerns about increasing stigma in an already stig-
matized population and the fear that applying these terms will reduce access 
to optimal treatment for pain, which typically requires opioids. Neverthe-
less, it is important that appropriate terminology and diagnostic criteria be 
applied equally to all populations to avoid undertreatment, overtreatment, 
and inappropriate treatment and further worsen clinical outcomes and 
reduce access to evidence-based care.

Unfortunately, there are relatively few publications that address the 
epidemiology of SUD or, more speci�cally OUD, in SCD. These are mostly 
case reports (Alao et al., 2003; Biedrzycki et al., 2009; Boulmay and 
Lottenberg, 2009; Kotila et al., 2015). In a large study on the epidemiology 
of pain in SCD, 31.4 percent of participants were identi�ed as having an 
alcohol SUD (Levenson et al., 2007). Another study reported a 36 percent 
prevalence of cannabis use in SCD (Howard et al., 2005).
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The assumption by providers and the general public is that the use of 
relatively high-dose opioids is universally associated with SUD in individuals 
with SCD. Because of this suspicion, the typical response of many clinicians 
is to withhold opioids, particularly in the acute setting, without a detailed 
assessment/evaluation of SUD. This response leads to signi�cant con�ict 
between patients and providers/health care systems, in addition to increased 
pain, suffering, complications from poorly treated pain, and the potential 
emergence of pseudo-addiction and related behaviors (Kotila et al., 2015).

In a disease where pain is characteristically severe and exposure to opioids 
is nearly universal, it is expected that some individuals with SCD will meet 
the criteria for SUD/OUD. Data from a large U.S. study show that 40 percent 
of SCD patients used opioids over a 12-month period (Han et al., 2018). 
However, opioid use has been constant and stable over time for the general 
population (2008–2013) (Ruta and Ballas, 2016). There was a 31.4 percent 
self-reported rate of SUD for alcohol in the PiSCES study (Levenson et al., 
2007). Marijuana use is common in SCD, with one study �nding that in a 
sample of 58 individuals living with SCD, 42 percent reported marijuana use in 
the past 2 years (Roberts et al., 2018). Deaths from opioid overdose in people 
living with SCD are markedly lower than in other non-cancer pain conditions, 
including low back pain, migraine, and �bromyalgia (Ruta and Ballas, 2016). 
All individuals should be assessed for the risk of SUD and provided access to 
optimal treatment for SUD and mental health disorders, if necessary.

Constitutional Symptoms

Fatigue Fatigue is described as “an overwhelming, debilitating, and sus-
tained sense of exhaustion that decreases one’s ability to carry out daily 
activities, including the ability to work effectively and to function at one’s 
usual level in family or social roles” (Dantzer et al., 2014, p. 1) and is now 
recognized both in the general population and cancer literature as a sig-
ni�cant morbidity. People with SCD frequently report chronic fatigue that 
is out of proportion to the degree of anemia and that can be debilitating, 
especially with older age. Fatigue negatively affects QOL and contributes to 
high rates of debilitation (Badawy et al., 2018a; Irvine et al., 1991). Fatigue 
in SCD causes poor vocation attainment, functional outcomes, relapses, and 
depression (Ameringer and Smith, 2011; Anderson et al., 2015).

There is limited understanding of the etiology of fatigue in SCD and no 
intervention studies that describe treatments to mitigate it.

Medical Comorbidities and SCD

Comorbidities compound SCD-related complications and adversely af-
fect QOL. For example, asthma increases the risk of ACS, and obstructive 
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sleep apnea increases the risk of stroke. Type 2 diabetes and hypertension 
are common comorbidities in adults (Zhou et al., 2019).

It is unclear whether children and adults with SCD have an increased 
risk of cancer. Recent data from California suggest that children and adults 
with SCD are at an increased risk for developing hematologic malignancies 
but may be at lower risk for solid tumors (Brunson et al., 2017). This study 
reported a more than twofold increased risk of leukemia, but the in�uence 
of long-term therapies, such as hydroxyurea, could not be investigated.

Sudden Death in SCD

VOE is the most common presentation associated with death in those 
with SCD (Rizio et al., 2020). Death can be sudden and unexpected, often 
occurring at home following a recent discharge from the hospital (ap-
proximately 40 percent) or within 24 hours of presentation to the hospital 
(28 percent) (Manci et al., 2003; Niraimathi et al., 2016). Infection is a 
leading cause of death (33–48 percent) (Manci et al., 2003). Other causes 
of death include overt organ failure, ACS, and stroke (Platt et al., 1994).

Evidence of bone marrow fat emboli is common in many autopsy cases 
of sudden death. In a large autopsy study, there was signi�cantly more or-
gan injury than recognized before death, so the clinical presentation often 
does not re�ect the severity of hidden chronic end-organ damage (Manci 
et al., 2003).

MANAGEMENT OF SCD

Traditionally, SCD was considered a disease of childhood, and health 
care management approaches were focused on reducing the overwhelm-
ingly high infant and child mortality from infections (Davis et al., 1997). 
The premise for the creation of Comprehensive Sickle Cell Centers of Ex-
cellence, which began with the National Sickle Cell Anemia Control Act 
of 1972, was the provision of early diagnosis and supportive care (Bonds, 
2005; Manley, 1984; Scott, 1979). Embedded in the �eld of pediatrics, 
the centers focused primarily on newborn screening (NBS), preventing 
death from infection by implementing evidence-based penicillin prophylaxis 
guidelines, and administering vaccinations against pneumococcal infection. 
An additional focus was mitigating the pain and suffering associated with 
acute complications of the disease.

Now that more than 98 percent of children with SCD are surviving 
into adulthood (Quinn et al., 2010), a new model of care that addresses 
the underlying pathophysiology, its changes with age, and its concomitant 
medical and psychosocial comorbidities is critically needed (and will be 
discussed in Chapter 5).
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Prevention of Complications of SCD

Pneumococcal and Infection Prophylaxis

Splenic dysfunction occurs early in childhood; 84 percent of infants 
develop asplenia by 12 months of age (Thompson, 2011) and 94 percent 
of children by 5 years of age. Asplenia increases the risk of infection, par-
ticularly with encapsulated organisms, such as S. pneumoniae, H. in�uenzae  
type b, and Salmonella species (Pearson, 1977).

In 1986 prophylactic oral penicillin therapy was evaluated in children 
with SCD and shown to decrease mortality and the number and frequency 
of infections during childhood (by 84 percent) (Gaston et al., 1986). Since 
then, penicillin prophylaxis by 4 months of age has been recommended as 
the standard of care. A 1995 study of 400 patients with SCD evaluated 
discontinuing penicillin therapy in children over 5 years old who had taken 
penicillin for at least 2 years and also received pneumococcal 23-valent vac-
cination (Falletta et al., 1995). The equivalency of infection rates on and off 
penicillin between the study groups led to the recommendations that some 
people with SCD may be able to discontinue penicillin therapy safely after 
age 5, while continuing to be monitored for infection (Falletta et al., 1995).

Immunizations with conjugate vaccines against S. pneumoniae and 
H. in�uenza type b have also been critically important at signi�cantly re-
ducing bacteremia in SCD (Gaston et al., 1986; John et al., 1984; Knight-
Madden and Serjeant, 2001); the introduction of pneumococcal vaccines led 
to a drop of the incidence of invasive pneumococcal disease by 90.8 percent 
in children less than 2 years old and 93.4 percent in children older than 
5 years (Halasa et al., 2007).

TCD and Stroke Prevention

Robust data also exist for primary stroke prevention using TCD as a 
high-quality screening tool (Krejza et al., 2010) and preventative chronic 
transfusions for persons identi�ed as high risk (Bernaudin et al., 2011; 
Enninful-Eghan et al., 2010; Fullerton et al., 2004). Analysis of data from 
The Stroke Prevention Trial in Sickle Cell Anemia also showed that partici-
pants with normal internal carotid artery or middle cerebral artery velocity 
had a higher risk of stroke (10 times greater) if they had an elevated ante-
rior cerebral artery (ACA) velocity compared with those with normal ACA 
velocity (Kwiatkowski et al., 2006). Discontinuing chronic transfusion led 
to a resurgence of stroke risk and subsequent strokes within 1 year (Adams 
and Brambilla, 2005), so there remains a strong evidence-based recommen-
dation of continuing transfusions to prevent stroke recurrence in children 
with SCD (NHLBI, 1997).
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Disease-Modifying Agents

Hydroxyurea

Hydroxyurea (HU), a drug originally developed to treat malignancies 
and myeloproliferative disorders, was tested for the treatment of SCD be-
cause of the discovery that patients on HU experienced increases in the 
production of hemoglobin (HbF) (Charache et al., 1992; Platt et al., 1984). 
Higher HbF levels are partially protective against hemoglobin S polymeriza-
tion, sickling, hemolysis, and their downstream effects. In addition, HU re-
duces leukocyte and platelet counts, thereby reducing cellular adhesion, and 
it acts as a nitric oxide donor. In 1995 the Multicenter Study of Hydroxyurea 
(MSH) found that HU led to a 44 percent reduction in the median number 
of VOE and ACS and also reduced transfusion requirements in patients 
with SCA (Charache et al., 1995). HU also reduced the number of severe 
VOE requiring hospitalization and doubled both the time to �rst crisis and 
the time to second crisis (Charache et al., 1995). The MSH study led to the 
adoption of HU as a recommended therapeutic intervention for adults with 
SCA who have three or more moderate to severe VOE in a 12-month period 
(Yawn et al., 2014). In the MSH trial there were no increased adverse effects 
compared with placebo, other than reversible myelosuppression (a decrease 
in bone marrow activity) (Charache et al., 1995). Longer-term data on HU 
in adults have con�rmed its utility in mitigating acute SCD complications. A 
recent Cochrane review of 17 studies, including eight randomized controlled 
trials with 899 adults and children of all genotypes, found statistically sig-
ni�cant improvements in VOE frequency, duration, and intensity and fewer 
hospital admissions, occurrences of ACS, and blood transfusions in the HU-
treated groups (Nevitt et al., 2017). There remains insuf�cient evidence on 
the long-term bene�ts of HU in preventing chronic organ damage and on op-
timal dosing strategies, long-term risks (including effects on reproduction and 
fertility), and bene�ts in the hemoglobin SC genotype (Nevitt et al., 2017).

In 2011 the Pediatric Hydroxyurea Phase III Clinical Trial randomly as-
signed infants with HbSS or HbSβ0-thalassemia, regardless of clinical severity, 
to receive placebo or HU for 2 years (McGann et al., 2012). The infants on 
HU had signi�cant reductions in VOE, dactylitis, and gastroenteritis as well 
as a reduced need for transfusions; HU was well tolerated, with no severe 
adverse events (Wang et al., 2011). The 12-month open label Hydroxyurea 
European Sickle Cell Disease Cohort study (ADDMEDICA SASA, 2015) as-
sessed a new formulation of HU in pediatric patients. HU use increased HbF 
in the study population and reduced the percentage of patients with at least 
one VOE, one episode of ACS, and one hospitalization or transfusion after 
the 12-month period (FDA, 2017). In 2017 the U.S. Food and Drug Admin-
istration (FDA) approved HU in pediatric patients (FDA, 2017).
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No signi�cant long-term toxicities have been detected in SCD cohorts 
followed for up to 15–20 years (Hankins et al., 2015; Steinberg et al., 
2010), but concerns remain about more prolonged exposure, particularly 
in children; HU is a known carcinogen and teratogen in animals, albeit 
at higher doses than those used in patients (Sakano et al., 2001; Ziegler-
Skylakakis et al., 1985). While women who have accidentally continued to 
take HU during pregnancy have not experienced embryonal toxicity and 
leukemogenesis has not been detected in SCD cohorts, continued surveil-
lance for long-term toxicity remains important.

HU has been hailed as a “wonder drug” (Yurkiewicz, 2014) because of 
its multipronged mechanism of action and its ef�cacy and tolerable toxicity. 
Yet its adoption by the SCD community has proceeded at a slow pace, with 
providers under-prescribing the drug and patients remaining wary about its 
potential side effects, particularly with long-term use. Thus, the effective-
ness of HU outside of clinical trials has been limited by poor adherence 
(Loiselle et al., 2016; Walsh et al., 2014). Research found that older adult 
individuals living with SCD are less likely to be using HU than individu-
als under age 30 (Sinha et al., 2018). Thus, HU education targeting older 
adults is clearly needed and may improve survival.

L-Glutamine and Other Emerging Therapies

FDA approved L-glutamine in 2017 to reduce acute complications in 
adults and children 5 years and older (Nevitt et al., 2017). L-glutamine is 
believed to enhance the capacity of the RBCs to handle oxidative stress. 
The Phase III study of L-glutamine in SCD involved 230 people 5–58 years 
old who received the treatment as a powder to be mixed with food or drink 
(Niihara et al., 2018). The outcomes demonstrated a 25 percent reduc-
tion in median VOE compared with placebo and a 33 percent reduction 
in median hospitalizations compared with placebo. Adverse effects were 
minor and included low-grade nausea, noncardiac chest pain, fatigue, and 
musculoskeletal pain (Niihara et al., 2018). Approximately two-thirds of 
participants were also on HU, suggesting that L-glutamine may provide ad-
ditional and potentially synergistic clinical bene�ts. L-glutamine is available 
in a powder formulation that needs to be mixed in with beverage or food, 
which may lead to poor adherence (Quinn, 2018). (Newly approved and 
emerging therapies are discussed in Chapter 7.)

Transfusion Therapy

RBC transfusions remain a cornerstone of supportive care for both 
acute and chronic life-threatening SCD complications. Transfusions pro-
vide non-sickle RBCs that correct the severe anemia from hemolysis and 
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decrease the proportion of HbS-containing RBCs. Together, these effects 
improve oxygen-carrying capacity and reduce the hypoxic perfusion de�cit 
from vaso-occlusion.

Exchange transfusion is an effective way to improve the total hemo-
globin while rapidly reducing HbS. Exchange transfusions can be either 
manual (Porter and Huehns, 1987) or done with an automated cell sepa-
rator (Janes et al., 1997; Kuo et al., 2012; Lawson et al., 1999; Tsitsikas 
et al., 2016). Exchange transfusions necessitate exposure to multiple blood 
units from different donors and often require a large-bore, double lumen 
central venous catheter.

Prophylactic transfusions are critically important in the prevention of 
stroke and post-operative complications in SCD, and they improve the out-
comes of severe complications such as ACS (Emre et al., 1995; Velasquez 
et al., 2009) and multi-organ failure syndrome. An ongoing, multi-center, 
international clinical trial (NCT04084080) is exploring whether exchange 
transfusions improve morbidity and mortality in patients with high-risk dis-
ease (de�ned by high tricuspid regurgitant velocity [TRV], the combination 
of moderately high TRV and high plasma N-terminal prohormone of brain 
natriuretic peptide, or the presence of chronic kidney disease).

While potentially life-saving, transfusions in SCD patients may lead 
to signi�cant complications, including iron overload, alloimmunization 
(the formation of antibodies against antigens present on the transfused red 
blood cells) and hemolytic reactions, and infections. Iron overload is highly 
prevalent in SCD, with one study showing iron deposition in the liver, 
endocrine organs, cardiac muscle, and bones in 30 percent of 141 adults 
with SCD who died over a 25-year period; 7 percent of those deaths were 
attributed to iron overload (Darbari et al., 2006). In a larger cohort of 
387 young adults with SCD, 45 percent of the 22 deaths were related to 
iron overload (Aduloju et al., 2008). Increased rates of alloimmunization 
have emerged (Rosse et al., 1990; Vichinsky et al., 1990) due to the wide 
genotypic variation in RBC phenotype among most blood donors, who 
are mostly Caucasian, and persons with SCD, who are predominantly of 
African American descent, causing a high risk of hemolytic transfusion 
reactions (Vichinsky et al., 1990).

Current guidelines recommend transfusing donor RBCs that are pheno-
typically antigen-matched to the patient for ABO, RhD, and the C, E and K 
antigens in order to mitigate the risk of alloimmunization. For individuals 
with alloantibodies, blood group genotyping has helped decrease the risk of 
further alloimmunization (Ribeiro et al., 2009). Hemolytic transfusion reac-
tions are harmful and potentially life-threatening complications of trans-
fusions that occur in 4–10 percent of recipients (Mekontso Dessap et al., 
2016; Narbey et al., 2017; Vidler et al., 2015). Occasionally, bystander 
hemolysis of native RBCs can also occur following transfusion, leading to a 
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life-threatening hyperhemolytic crisis. This may present with severe anemia, 
severe hemolysis, and respiratory distress with ACS (50 percent of cases) 
(Habibi et al., 2016).

Person-Centered Management Approaches of SCD

SCD is a complex multi-system disorder, and its management requires 
a comprehensive, person-centric, multi- and interdisciplinary approach, 
with disease self-management at its core. Unfortunately, this model of care 
remains out of reach for most persons affected by SCD.

Whole-Person Care

Whole-person SCD care includes both management of the effects of the 
disease—starting from primary, secondary, and tertiary prevention—and 
attention to psychosocial and QOL concerns. Whole-person care is critical 
to ensuring improved QOL, higher care quality (as re�ected, for example, 
in the reduced use of acute care), increased patient satisfaction, and a re-
duced cost of care per patient. Okpala et al. (2002) recently suggested that 
to optimize clinical outcomes for individuals with SCD, care should be 
delivered by a multidisciplinary team that engages medical and nonmedical 
support services; care should include education for individuals living with 
SCD and their parents, genetic counseling, social services (e.g., vocational 
support provided by community-based organizations), infection prevention, 
dietary advice, psychotherapy, subspecialist medical care, maternal and 
child health, orthopedic and general surgery, pain control, physiotherapy, 
dental and eye care, drug dependency services, specialized nursing care, and 
the often-forgotten primary care. While the hematologist has historically 
been the primary driver of care coordination, given the current dearth of 
hematologists with SCD expertise, that role will need to be subsumed by 
any willing and committed provider who has received the proper training 
in SCD (Okpala et al., 2002).

Self-Management

Developing adequate self-management skills is essential for individuals 
to effectively manage a complex disease; disease self-management leads to 
increased medication adherence, improved pain management, and better 
health outcomes (Matthie et al., 2015; Nicholas et al., 2012). Recently, 
guidelines have been created with input from people living with SCD to 
improve disease knowledge in the SCD community (Cronin et al., 2018).

New tools for improving self-management and increasing health literacy 
can be found in the growing �eld of technology-based applications (mHealth 
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or eHealth). Mobile or Internet-based methods allow for increased engage-
ment and quick dissemination of knowledge remotely, without the need for 
face-to-face visits with health care providers. mHealth aims to increase coping 
skills and adherence while decreasing the stigma and bias that may result from 
direct provider interactions. Studies have shown that mobile technologies are 
effective not only in high-income countries such as the United States, but also 
in low- and middle-income countries (Abaza and Marschollek, 2017).

Although the committee was unable to �nd any studies that have ex-
tensively examined mHealth for SCD, a recent review found that mHealth 
applications showed feasibility and moderate improvement of medication 
adherence and coping with pain (Badawy et al., 2018b). However, most 
of the studies in the review were small and lacked clearly de�ned clinical 
outcomes, so further work is needed to better adapt mHealth technology 
to different SCD populations. In addition, an in-depth review of mHealth 
tools is necessary to ensure that data security and patient con�dentiality 
are preserved. CDC has developed the Living Well With Sickle Cell Disease 
Self-Care Toolkit to provide SCD education, prevention tips, and self-
management tools (e.g., pain diaries) (CDC, 2019).

Lifestyle Modi�cations

While intense, episodic exercise may pose risks to patients with SCD 
(Campbell et al., 2009; Chirico et al., 2016), research has demonstrated 
that regular, moderate exercise training can be bene�cial and may con-
tribute to overall wellness and improved QOL. Data indicate that regular 
training reduces oxidative stress and thereby decreases the risks of devel-
oping chronic and acute complications (Connes et al., 2011). More and 
larger studies are needed to determine the best exercise training routines 
for providing functional bene�ts.

Another healthy lifestyle recommendation is to optimize water intake 
to maintain adequate hydration (NHLBI, 2002; Okomo and Meremikwu, 
2017) because people living with SCD are more prone to dehydration. 
Westcott et al. (2017) found that only 31.8 percent of young adults with 
SCD were meeting �uid intake guidelines.

Optimizing nutritional intake is also paramount, although studies 
about the effects of speci�c micro and macronutrients and dietary regimens 
in SCD are limited.

Cognitive Interventions

Screening for speci�c cognitive de�cits in individuals with SCD may help 
predict later academic outcomes and stroke risk (Schatz et al., 2018) and may 
make it possible to deploy targeted cognitive interventions. Memory training 
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programs are a non-pharmacological approach to improving academic out-
comes. One study demonstrated that individuals with SCD who completed 
a working memory training program exhibited improved visual and working 
memory compared with non-completers (Hardy et al., 2016). Additionally, 
a small cohort of children with SCD with cerebral infarcts who completed 
weekly combined tutoring and memory/learning strategies had improved 
memory and academic achievement compared with controls at 2 years of 
age (King et al., 2004).

Attention is another cognitive domain of focus in SCD. Although the 
current literature is limited, children with SCD in the United States have 
rates of attention de�cit hyperactivity disorder prevalence that are between 
19 and 40 percent (Acquazzino et al., 2017; Benton et al., 2011; Lance 
et al., 2015), which are much higher than the general pediatric population 
(approximately 10 percent) (Xu et al., 2018). Thus, speci�c treatments to 
improve attention may also be bene�cial in SCD.

SCT

One to 3 million Americans have SCT, with the prevalence of SCT 
in the United States being 8–10 percent in African Americans and lower 
in many other racial/ethnic groups, including Hispanics, South Asians, 
Southern Europeans, and Middle Easterners.

SCT is not considered a disease and does not typically cause the mul-
tiorgan complications associated with SCD (Naik and Haywood, 2015). 
Following certain extreme triggers, however, individuals with SCT may 
experience medical problems, including an increased risk for prevalent and 
incident chronic renal disease, pulmonary embolism, and rhabdomyolysis 
(Naik et al., 2018).

Recent epidemiological studies have identi�ed three primary areas that 
require further research to understand the clinical implications of SCT. The 
�rst is exercise-related complications, which include exertional rhabdomy
olysis, heat-associated collapse, and sudden death. A retrospective review 
of 2.1 million military personnel from 1977 to 1981 found that 12 of 
28 unexplained sudden deaths were in individuals with SCT, with a rela-
tive risk (RR) of death that was 39.8 95% con�dence interval (CI) 17–90; 
p < 0.001 times higher among recruits with SCT than among peers without 
SCT (Kark et al., 1987). A more recent retrospective review of 273 deaths in 
the National Collegiate Athletic Association from 2004–2008 found 13 deaths 
categorized as exertion related, 5 in athletes with SCT, with an RR of 29 
(Harmon et al., 2012). All exercise-related deaths in individuals with SCT were 
associated with extreme exertion and intense exercise, and both studies failed 
to adjust for confounders. Thus, prospective well-designed cohort studies to 
better elucidate the true RR of exertional death in SCT are urgently needed.
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Individuals with SCD may develop renal abnormalities; rates of he-
maturia (blood in the urine) are higher than in the general population, 
and hyposthenuria (an impaired urine concentrating ability) is common. 
Epidemiological studies have lent support to the notion that SCT may pre-
dispose one to chronic kidney disease (CKD). In a pooled analysis of 15,975 
self-identi�ed African Americans from �ve prospective population-based 
cohort studies, the Atherosclerosis Risk in Communities, Jackson Heart 
Study, Women’s Health Initiative, Multi-Ethnic Study of Atherosclerosis, 
and Coronary Artery Risk Development in Young Adults, 239 of the 2,233 
individuals with CKD were found to have SCT, with a pooled adjusted odds 
ratio of 1.57 (95% CI 1.34–1.84) for CKD with SCT compared with those 
without SCT (Naik et al., 2014).

Further studies are required to better establish the relationship between 
SCT and CKD and the effect of SCT on the development of diabetic, hy-
pertensive, and other risk-variant renal disease.

With universal NBS and mandatory screening of various adult popula-
tions for SCT, it is a moral obligation to conduct high-quality research to 
inform genetic counseling and personal and policy decisions, which must 
be conducted in a way that minimizes stigma. Robust, well-designed epide-
miologic studies to answer critical questions about SCT are critical.

The American College of Obstetricians and Gynecologists recommends 
screening with a hemoglobin electrophoresis and complete blood count 
if there is suspicion for hemoglobinopathy based on ethnic background 
(ACOG, 2017). Some groups have recommended that, after screening, cou-
ples at risk for having a child with SCD should be offered genetic counsel-
ing and prenatal diagnosis testing (ACOG, 2007; Pecker and Naik, 2018).

In the United States, NBS for hemoglobinopathies was initiated in the 
1990s to identify newborns with SCD and transfer them to SCD treatment 
centers for con�rmatory testing and early interventions. Unfortunately, 
no national approach for informing families and providing information 
about the genetic and medical implications of SCT was in place at the 
time of NBS implementation and only limited progress has been made in 
this arena.

CONCLUSIONS

Pain is the hallmark of SCD and is a predictor of mortality and QOL 
in individuals affected by the disease. The pathophysiology of acute and 
chronic pain in SCD is complex, which is the main reason why treatment 
remains suboptimal. The treatment of pain is further complicated by racial, 
cognitive, and socioeconomic factors.

In addition to pain, complications associated with SCD are numerous, 
as outlined in Tables 4-1 and 4-2. The disease affects almost every organ 
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in the body and results in end-organ damage and symptoms that may be 
organ-related or constitutional, such as fatigue.

Individuals living with SCD may also experience various psychological 
symptoms, such as depression and anxiety that often go undetected and 
therefore untreated. There is a strong link between psychological comor-
bidities and both acute and chronic pain. Neurocognitive de�cits can also 
in�uence pain perception, coping with pain and response to treatment.

Evidence-based treatment strategies remain sparse for the prevention 
and management of the numerous complications of SCD. Current preven-
tive strategies rest on infection prevention by vaccination and early peni-
cillin prophylaxis and primary stroke prevention with chronic transfusion 
therapy. HU as a disease-modifying therapy has had a profound impact in 
reducing the rates of VOE and ACS. Transfusions also remain an impor-
tant tool in the care of patients with SCD. Stem cell transplantation offers 
a cure, and new therapies have been recently approved or are under de-
velopment (see Chapter 7). However, all treatments carry side effects, and 
poor medication adherence, partly stemming from mistrust of the medical 
environment, remains a signi�cant concern.

A whole-person care approach has been proposed as the optimal means 
of providing care to individuals with SCD, with attention to lifestyle modi-
�cation, behavioral interventions, and interventions aimed at alleviating 
cognitive de�cits.

It is important that individuals with SCT receive the appropriate ge-
netic counseling so that they understand the implications of their diagnosis. 
Further research is needed to fully understand the potential health-related 
complications associated with SCT.

Conclusion 4-1: Pain is the hallmark of SCD and is a predictor 
of mortality and quality of life in individuals affected by the 
disease. The pathophysiology of acute and chronic pain in SCD is 
complex and has not been completely elucidated, which has led to 
suboptimal care.

Conclusion 4-2: In addition to pain, complications associated with 
SCD are numerous. The disease affects almost every organ in the body 
and results in end-organ damage. Individuals living with SCD may 
experience various psychological symptoms, such as depression and 
anxiety, and most may go untreated. Therefore, it is critical to include 
a discussion of the critical role of addressing mental health in SCD.

Conclusion 4-3: There are limited data on the natural history of 
SCD and on how to address the growing disease burden in aging 
individuals with SCD.
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Conclusion 4-4: There remains limited understanding of the health 
impact of SCT, particularly in certain high-risk groups, such as 
athletes and Army recruits. There are limited resources and no 
systematic strategies to track and counsel individuals who have 
been identi�ed as SCT carriers at NBS.

Recommendation 4-1: Private and public funders and health profes-
sional associations should fund and conduct research to close the gaps 
in the existing evidence base for sickle cell disease care to inform the 
development of clinical practice guidelines and indicators of high-
quality care.

Recommendation 4-2: The National Institutes of Health should fund 
research to elucidate the pathophysiology of sickle cell trait.

Recommendation 4-3: The Of�ce of the Assistant Secretary for Health 
should partner with community-based organizations, the media, and 
other relevant stakeholders to disseminate information to promote 
awareness and education about the potential risks associated with 
sickle cell trait.
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5

Health Care Organization and Use

Patients with sickle cell disease often feel like the ugly 
stepchildren in the health care setting.

—Tosin Ola (Open Session Panelist)

Chapter Summary

•	� Children and adults with sickle cell disease (SCD) require specialty 
and primary care services continuously across the life span.

•	� E�orts to improve care have focused on pediatric care, which has 
resulted in improved survival for children with SCD but little attention 
paid to care delivery and management for adults.

• 	� Transition from pediatric to adult care is a de�ning moment for 
individuals with SCD; however, there is usually no formal process or 
structure for this transition.

•	� Adults with SCD tend to seek acute care, primarily for pain in the 
emergency department.

•	� There is a need for a team-based comprehensive system/network of 
care that incorporates health and ancillary services to address the 
needs of children and adults with SCD.

• 	� While it is not a disease, sickle cell trait (SCT) is associated with medi-
cal complications and should be further studied.

•	� Screening for SCT can be used for genetic counseling to inform the 
patient and to minimize unwanted outcomes.
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INTRODUCTION

Chapter 4 describes the complications and current management of 
sickle cell disease (SCD). This chapter discusses the health care system and 
the use of its services. As with other aspects of SCD, there are information 
gaps on health care use. Generally speaking, studies have been geared to-
ward economic analyses related to cost rather than detailed descriptions of 
the services. Thus, it is often unclear what types of services were received, 
where they were delivered, who delivered them, and what models of deliv-
ery were employed.

Children and adults with SCD require both specialty and primary 
care services continuously across the life span. The unique aspects of 
care outlined in Chapter 4 often lead to an unpredictable need for urgent 
and emergency care to manage pain, fever, and neurologic symptoms 
as well as more predictable needs for care related to screening, early 
detection, and the management of chronic complications. A broad ar-
ray of specialty services is required, including multidisciplinary ex-
pert providers, medical subspecialists, primary care physicians (PCPs), 
surgeons, anesthesiologists, radiologists, social workers, behavioral 
health specialists, care coordinators, and community health workers. 
Community-based organizations (CBOs) are essential to this care, as 
they support patient and community education, counseling, and address 
barriers to care by providing services ranging from transportation to 
care coordination. Provision of high-quality care that aligns with the 
six domains of health care quality (addressed in Chapter 6)1 is critical. 
Furthermore, it is important that health care providers understand and 
consider the negative societal views of members of the SCD population, 
including stigma, racism, and various stereotypes, such as the assump-
tion that someone coping with chronic pain is drug seeking (addressed 
in Chapter 2). Such views not only in�uence how care is provided but 
also who provides that care and where. The published literature often 
omits these subtleties, but the committee believed these aspects should 
be captured when considering how best to provide high-quality health 
care individuals with SCD.

HEALTH CARE FOR CHILDREN WITH SCD

SCD affects children and adults in different ways. This is partly because 
children’s bodies are progressing through developmental stages, while adult 
bodies change much less quickly and profoundly, and also simply a matter of 
time—adults with SCD have accumulated years of damage, which may result 

1  The six domains of health care quality are (1) safety, (2) effectiveness, (3) accessibility/
timeliness, (4) person centeredness, (5) ef�ciency, and (6) equity (IOM, 2001b).
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in a variety of consequences. Furthermore, children and adults have differ-
ent capacities for understanding, making decisions about, and managing the 
disease. Thus, children require different types of care than adults do.

Primary Care

Like all children, children with SCD should receive excellent primary 
care. According to the American Academy of Pediatrics (AAP), pediatric 
primary care encompasses:

health supervision and anticipatory guidance; monitoring physical and 
psychosocial growth and development; age-appropriate screening; diagno-
sis and treatment of acute and chronic disorders; management of serious 
and life-threatening illness and, when appropriate, referral of more com-
plex conditions; and provision of �rst contact care as well as coordinated 
management of health problems requiring multiple professional services. 
(AAP, 2011)

The content for well-child visits regarding health supervision, antici-
patory guidance, monitoring physical and psychosocial development, and 
appropriate periodic screening and immunizations is delineated in Bright 
Futures publications.2 The Early Periodic Screening, Diagnosis, and Treat-
ment (EPSDT) bene�t also establishes requirements for children under 
age 21 on Medicaid to receive screening and treatment services. Although 
the two approaches certainly overlap, EPSDT emphasizes hearing, vision, 
and dental screening and treatment. In addition to routine well-child care, 
children with SCD must also receive specialized preventive care, as dis-
cussed in Chapter 4.

Providing the broad array of services needed by children with SCD 
requires a different model than that of routine pediatric health care. For 
children who are unable to access specialized sickle cell care centers, the 
medical home (discussed later in this chapter), a model formulated by the 
AAP, is one model of care available for children with SCD. Ideally, a medical 
home provides care that is accessible, continuous, comprehensive, family-
centered, coordinated, compassionate, and culturally effective to every child 
and adolescent. A pediatric medical home is a family-centered partnership 
within a community-based system that provides uninterrupted care with ap-
propriate payment to support and sustain optimal health outcomes. Medi-
cal homes address preventative, acute, and chronic care from birth through 
transition to adulthood. “A medical home facilitates an integrated health 

2  Bright Futures publications are geared toward health professionals and educators and 
cover topics such as health supervision, nutrition, and mental health for infants and children 
(Bright Futures, n.d.).
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system with an interdisciplinary team of patients and families, primary care 
physicians, specialists and subspecialists, hospitals and health care facilities, 
public health and the community” (AAP, n.d.).

In general, the literature supports the utility of the medical home model 
in improving health outcomes, reducing unneeded use of care, and im-
proving family communication and functioning for children with chronic 
illness (Kuhlthau et al., 2011). Having a PCP, however, is not equivalent 
to a medical home for children with SCD, as the PCP may not offer many 
of the components needed (Liem et al., 2014; Raphael et al., 2013b) or 
provide the speci�c preventive services for optimal outcomes (Bundy et al., 
2016). In these situations, it may be necessary for providers to create a 
“medical neighborhood” in which hematologists and primary care provid-
ers closely collaborate to provide children with necessary care (Raphael and 
Oyeku, 2013).

Establishing the connections among providers necessary to assure more 
comprehensive care can be dif�cult due to the long wait times for available 
appointments (Martin et al., 2018) or inadequate referral patterns (Bundy 
et al., 2012; Martin et al., 2018). In a sample of children recruited in a 
sickle cell center or hospitalized for SCD, Raphael and colleagues (2013a) 
reported that children receiving comprehensive care from a medical home, 
as measured by speci�c, standardized questions eliciting parental report, 
had fewer emergency department (ED) visits and hospitalizations (Raphael 
et al., 2013a). However, the source of care was not further characterized. 
Rattler et al. (2016) conducted a study to examine the coordination of care, 
and found that most caregivers reported having a primary care provider for 
their child, whereas only 25 percent of caregivers reported having access to 
coordinated care. The study also found that coordination of care resulted 
in 88.1 percent of caregivers feeling satis�ed about the communication oc-
curring between medical providers; however, only 67.3 percent of caregivers 
reported being satis�ed with the communication occurring between doctors 
and non-medical service providers.

Other studies report that a comprehensive approach to care, especially 
an approach involving hematology, results in greater receipt of special 
preventive services for children with SCD (Bundy et al., 2016; Martin 
et al., 2018). Part of the association between more comprehensive care and 
reduced acute care use may re�ect greater adherence to medication prescrip-
tions among those with preventive visits (Walsh et al., 2014).

Another important factor in assessing the effectiveness of the medi-
cal home is the variation in the components that are implemented. In an 
evaluation of the medical homes for a sample of children with SCD, care 
coordination was more likely to be experienced than accessibility or com-
prehensiveness; however, the same study found that accessibility and coor-
dination were associated with fewer ED visits (Liem et al., 2014).
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Subspecialty Care

Children with SCD require a wide array of services for health main-
tenance, including (1) therapeutic interventions to prevent complications 
overall and in high-risk subpopulations, (2) screening for high-risk features 
and early detection of chronic complications, and (3) long-term disease-
modifying therapies to decrease complications. Preventing infection, stroke, 
and acute pain and acute chest syndrome (ACS) episodes by starting hy-
droxyurea therapy early in life for children with the SS and Sβ0 thalassemia 
types has been the mainstay of care. In addition, early treatment for acute 
febrile illness and acute pain has been the focus of acute complications. 
Detecting bacteremia and sepsis early leads to better outcomes by pre-
venting morbidity and mortality. Aggressive treatment of acute pain and 
alleviating pain early may also decrease complications, such as ACS. Early 
assessment of pain and fever may detect other acute complications, such 
as ACS, splenic sequestration, and exacerbation of anemia. These services 
are provided in many settings but have traditionally developed in large, 
urban, academic hospitals. Emergency medicine teams are actively involved 
in managing these pediatric patients, but acute care by hematologists and 
other sickle cell experts has emerged as well. Infusion centers (discussed be-
low) and acute care units staffed by experts allow for the rapid assessment 
and treatment of SCD complications without involving or with minimal 
support from emergency medicine.

The use of ambulatory subspecialty services has not been reported. 
In addition, the use of preventive care services unique to SCD, such as 
transcranial Doppler (TCD) screening, cannot always serve as a surrogate 
marker of subspecialty service use because children may be receiving care 
from a sickle cell expert but either the screening has not been ordered or 
appointments have not been kept. As an example, implementing TCD 
ultrasonography services to detect SCD-related stroke risk, speci�cally in 
children ages 2–16 years, started shortly after results of the multicenter trial 
recommended chronic transfusions for children at high risk for stroke based 
on TCD measurement of time-averaged mean of the maximum velocity in 
middle cerebral arterial circulation (Armstrong-Wells et al., 2009). How-
ever, recent data from six state Medicaid programs suggest that as few as 
44 percent of children who require stroke risk screening actually receive it 
(Reeves et al., 2016).

Acute Care

As noted in Chapter 4, children with SCD experience repeated episodes 
of acute illness, such as pain, fevers, and aplastic crises, requiring ED visits 
or hospital admission. According to national estimates, children with SCD 
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average about 0.6 ED admissions and at least one hospital admission per 
year (Brousseau et al., 2010). Approximately one-third of children with 
SCD will have neither an ED visit nor a hospital admission in any given 
year, whereas slightly more than 10 percent will have three or more such 
episodes. Data from a retrospective cross-sectional descriptive analysis of 
administrative medical claims found that in Texas, 37–43 percent of chil-
dren with SCD have at least one ER visit per year, a �gure that is consistent 
with the previous statement (Raphael et al., 2009).

A signi�cant issue concerning acute care is that individuals with SCD 
often have repeat ED visits and admissions. For example, one study found 
that among children aged 1–9 years, 4.1 percent (95% con�dence interval 
[CI] 3.6–4.6) of hospitalizations were followed by a return for a treat-and-
release ED visit within 30 days after hospital admission and that 12.8 per-
cent (95% CI 12.0–13.6) of hospitalized children had a second hospital 
admission within 30 days of the �rst admission. For all children with SCD 
between the ages of 10 and 17 years old, the corresponding rates were 6.9 
percent (95% CI 6.4–7.4) and 23.4 percent (95% CI 22.5–24.3) (Brousseau 
et al., 2010). From 2009 to 2014, the most common diagnosis among chil-
dren associated with a subsequent, unplanned readmission to the hospital 
was SCD, and SCD had the highest percentage of hospital readmissions 
overall. Thus, this study found that SCD was among the 10 most resource-
intensive diagnoses for admission within the study population (Heslin et 
al., 2018). However, these results are from one study only, so care must be 
taken to not overstate these �ndings.

Dental Care3

As noted in Chapter 4, oral infections and gum disease are triggers 
for chronic in�ammation and pain and are underlying factors for health 
care visits. Those with SCD may be more prone to dental problems due 
to hypoxia in the dentin following sickle crises, and individuals with SCD 
present with higher rates of dental caries than individuals in the general 
population (Laurence et al., 2006). Individuals with SCD may also pres-
ent with delayed tooth eruption and pulpal necrosis that increase with age 
(Costa et al., 2013, 2016). In a population of 250 children and adolescents 
with SCD, 47 percent had caries and 14 percent had periodontal problems 
(Luna et al., 2018).

A retrospective analysis of 10 years (2000–2011) of dental records for 
574 individuals with sickle cell anemia at the Center of Hematology and 

3  Because there are few data about dental care for individuals living with SCD at any age, 
research discussed in this section involves adolescents and adults.
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Hemotherapy in Maranhao in Brazil was conducted to describe the use 
of dental services over time. The study population consisted primarily of 
children and young adults and a small number of adults. The study �nd-
ings showed that teeth �lling and extractions, periodontal treatment, and 
endodontic treatments were prevalent in the young adult and adult popula-
tions, signaling an increase in the need for these procedures as individuals 
with SCD age. The study authors speculate that the procedures could have 
been avoided with a care plan based on prevention and health promotion 
(Costa et al., 2016).

Importantly, the U.S. public insurance system does not universally 
provide dental coverage, even in Medicaid plans, for children or adults 
(Berdahl et al., 2016; Naavaal et al., 2016). Thus, there may be signi�cant 
barriers to dental care access for patients with SCD. In one analysis of 
national data, Laurence et al. (2013) found that among patients having a 
sickle cell crisis, those with dental infections were 72 percent more likely 
to be admitted than were those not having dental infections (PR = 1.72, 
95% CI 1.58–1.87). One pilot study found that adults with SCD receiv-
ing free dental care demonstrated a signi�cant reduction in the number 
of hospital admissions as well as in the total number of days spent in the 
hospital if dental work was completed; however, the study also found 
that there was an increase in the number of hospital days experienced by 
men in the study population (Whiteman et al., 2016). A recent Cochrane 
review did not identify any randomized controlled studies that evaluated 
interventions to treat dental complications in SCD, indicating a signi�cant 
research gap and the need for randomized controlled studies in this area 
(Mulimani et al., 2016).

Educational Services

As discussed in Chapter 2, children and youth with SCD experience dif-
�culties in school and may have poorer academic performance, as indicated 
by grade retention or lower academic grades. This increased risk for learn-
ing dif�culties may make them eligible for special educational assistance.

Special Education System

Services for children with special educational needs are made available 
under the Individuals with Disabilities Education Act (IDEA), most recently 
reauthorized under the Every Student Succeeds Act in 2015. IDEA is meant 
to ensure that all children with disabilities have access to a free appropri-
ate public education that emphasizes special education and related services 
designed to meet their unique needs and prepare them for further educa-
tion, employment, and independent living (DOE, n.d.). Services for children 
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ages 0–2 are provided under Part C of the act (often referred to as early in-
tervention), and older children are covered under Part B. Services provided 
through the educational system end at 21 years old. Thereafter, youth and 
young adults with signi�cant disabilities may be eligible for vocational and 
rehabilitation services if these may improve their ability to obtain employ-
ment (Linebaugh, n.d.). In higher education, Section 504 and Title II of the 
American with Disabilities Act prohibit discrimination due to disabilities 
and require reasonable accommodations (DOE, 2020). However, services 
available to individuals who are more than 21 years old are not as plentiful 
as those offered to individuals with SCD while they are in the primary and 
secondary education school system.

Early Intervention (Part C of IDEA)

This is a state-run program with funding from the federal government. 
To be eligible, children

(1)	 should be experiencing developmental delays, as measured by appro-
priate diagnostic instruments and procedures, in one or more of the 
following �ve areas: cognitive development, physical development, 
communication development, social or emotional development, or 
adaptive development; or

(2)	 have a diagnosed physical or mental condition that has a high 
probability of resulting in developmental delay (DOE, 2016).

Services under Part C must meet certain minimal criteria and can be 
delivered through a variety of state agencies. However, the minimal criteria 
refer primarily to the processes that the state must implement and do not 
specify quality. States also have leeway to specify what conditions qualify 
for early intervention, especially under the “at-risk” rubric.

Children with SCD could clearly qualify for early intervention under 
“at-risk” criteria. SCD falls under the general category of genetic conditions 
but is not speci�ed as a qualifying condition (Of�ce of Special Education 
Programs, 2011). Access to early intervention would require a developmen-
tal assessment by the PCP or other provider and referral to early interven-
tion services if developmental problems were noted. This strategy requires 
a problem, is not necessarily preventive, and places an additional burden 
of proof on the family, further reducing access to services. The committee 
found no literature examining early intervention for children with SCD. 
In general, for special needs populations, such access depends on the re-
strictiveness of the state criteria and the severity of dysfunction (McManus 
et al., 2009, 2019). Having a medical home does not improve referrals to 
Part C of IDEA (Ross et al., 2018).
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Special Education Schools (Part B)

As with early intervention, to be eligible for a special education school, 
a child must have a disability that falls in 1 of 13 categories and need 
special services to succeed in school. Federal funding is provided to states 
to pay for the estimated increased cost of special education. The funding 
is primarily distributed to public schools except for when a private school 
provides the required services, thus making it eligible for funding. An ad-
ditional requirement is that the child have a free and appropriate public 
education.

During their primary and secondary educational careers, children and 
youth with SCD are more likely to exhibit lower academic attainment, 
performances (as measured by receipt of special education services), and 
retention rates than the reported national averages, as well as lower attain-
ment, performances, and retention rates than those reported for healthy 
African American children (Crosby et al., 2015; Epping et al., 2013; Fowler 
et al., 1988). Some of these trends are a re�ection of the direct impact of 
SCD on academic attainment, performance, and retention due to frequent 
hospitalizations, SCD-related neurocognitive complications, and medical 
visits. Socioeconomic adversity also plays a role, as do the characteristics 
of the educational support available to the child while at home (Ladd et al., 
2014). As with early intervention, however, a child receiving special educa-
tion services does not mean that those services are adequate to the child’s 
needs. One study found that a multidisciplinary intervention to improve 
school performance in children with SCD succeeded in increasing the pro-
portion with an individualized education program, a requirement of special 
education, but did not affect grade retention or absenteeism 2 years after 
the intervention (King et al., 2006). The major driver of the results was the 
child’s IQ, suggesting that improving academic performance may require 
preventing brain injury.

Evidence from Children with Special Health Care 
Needs and with Medical Complexity

Because of the sparsity of literature directly related to SCD, the commit-
tee reviewed evidence from the general literature on children with chronic 
or complex conditions to inform their understanding of the medical needs 
of children with serious chronic conditions. Children with SCD fall under 
the rubric of children and youth with special health care needs (CSHCN), 
who are de�ned as “having or being at increased risk for chronic physical, 
developmental, behavioral, or emotional conditions and who also require 
health and related services of a type or amount beyond that required by 
children generally” (McPherson et al., 1998, p. 138). Systems of care for 
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CSHCN are dependent on ensuring that families are partners in care, that 
there is early and continuous screening, access to a medical home to provide 
community-based, coordinated care, adequate insurance and funding to 
cover services, and a plan for families and providers to help patients transi-
tion to adult care and services (HRSA, 2019). For children and youth with 
SCD, such systems would include the routine primary care necessary for all 
children but also access to the special preventive services needed for SCD, 
emergency and hospital services for acute complications, and the specialists 
and rehabilitative services required to improve functioning.

Children with SCD may also qualify as children with medical complex-
ity (CMC). Within the pediatric population this group is important because 
of the high costs of care, unmet health needs, variability in the quality of 
care received, and potentially poorer health outcomes, all of which are 
associated with their diagnosis. Children with SCD can be identi�ed at a 
population level through the use of administrative data, and survey data 
may help characterize any confounding that may occur as the result of the 
presence of one or more chronic conditions (Berry et al., 2015).

The impetus behind CMC and CSHCN classi�cation schemes is that 
chronic conditions in children tend to be relatively rare illnesses. While the 
management of the individual conditions may be quite speci�c, chronic 
conditions share a number of common characteristics. For example, they 
may require coordinating several types of services and specialty providers, 
place substantial burden on caregivers to organize and actually provide 
care in the home, incur increased cost depending on insurance and other 
sources of support, and require a speci�c plan to transition to adult care. 
Information is lacking on some of these issues for SCD, so the committee 
relied on the more general literature to illustrate concerns.

Data about the use of services by CSHCN and CMC can be obtained 
from national surveys. The National Survey of Children’s Health (Data 
Resource Center for Child and Adolescent Health, n.d.) and its predeces-
sors use a speci�c algorithm to identify CSHCN, whereas other national 
datasets may rely on parental report of “fair or poor health.” In addition to 
national surveys, data on health care use may also be obtained from other 
administrative or medical records databases such as hospital discharge 
records (Grosse et al., 2010).

The research on CSHCN supports the importance of a medical home 
arrangement in improving physical and mental health outcomes, satisfac-
tion with care, accessibility, ef�ciency in health services use, access, systems, 
and communication. The effects of a medical home arrangement on family 
functioning and family costs were less consistent (Kuhlthau et al., 2011). 
When coordinated care is provided through state insurance plans (e.g., 
Medicaid and State Children’s Health Insurance Program managed care), 
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the results are mixed (Huffman et al., 2010). One study found that those 
with managed care plans experienced fewer unmet needs (including dental 
care) than those without managed care plans, but health care use was simi-
lar between the two groups. However, the study also found that plans that 
provided specialty services through carve-outs had decreased access to such 
services. Parental satisfaction was also less because of the limitations in the 
providers who were in the plans (Huffman et al., 2010).

Despite the potential advantages of a medical home, there are varia-
tions in access to this type of coordinated care. While access to coordi-
nated care is similar between those with and without special needs (about 
43 percent versus 53 percent, respectively), only 23 percent to 36 percent 
of children had a medical home if they were from a home where English 
was not the primary language or where parents exhibited low educational 
attainment or had low income (Lichstein et al., 2018). CSHCN with pri-
vate insurance were more likely to have a medical home than CSHCN with 
any public insurance (about 52 percent versus 36 percent, respectively) 
(Lichstein et al., 2018).

In terms of access to health services, the literature generally supports 
an independent association between minority status and Medicaid insur-
ance, with minority children having lower rates of established primary care 
providers and preventive well-child or dental care visits (Berdahl et al., 
2016; Elixhauser et al., 2002). While children who are reported to be in 
fair or poor health have higher outpatient use and more prescriptions, it 
is unclear whether this is in proportion to their medical needs (Elixhauser 
et al., 2002). Minority children are also less likely to receive early educa-
tional interventions, regardless of the strictness of the eligibility criteria in 
the state. The literature also provides evidence that the earlier and more 
intense the early intervention, the better the outcomes (Litt et al., 2018; 
McManus et al., 2019); unfortunately, some studies found that children 
from minority groups or children whose mothers did not speak English 
received less intensive early intervention services (McManus et al., 2019; 
Richardson et al., 2019).

Access to subspecialty services is dependent on the availability of sub-
specialists in the community, which varies substantially across the United 
States. Subspecialty service availability is one area where African American 
children have a slight advantage over non-African American children, as 
the concentration of African American children in urban areas aligns with 
the high concentration of specialty services in corresponding areas (Ray 
et al., 2014). The study by Ray et al. found that children in areas of low to 
moderate concentrations of specialists report more mental health problems. 
Unmet needs in the low specialty areas often re�ected a lack of providers 
and the need for transportation (Ray et al., 2014).
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Enabling Services4

Enabling services are de�ned as

non-clinical services that do not include direct patient services that enable 
individuals to access health care and improve health outcomes. Enabling 
services include case management, referrals, translation/interpretation, 
transportation, eligibility assistance, health education, environmental 
health risk reduction, health literacy, and outreach. (HRSA, n.d., p. 2)

Case Management and Care Coordination

Among the most frequently cited enabling services are studies and 
descriptions of care coordination/case management. Pordes et al. (2018) 
provide a useful framework for coordination in medical complexity. 
They postulate three basic care models: the primary care-centered (PCC), 
consultative- or co-management-centered (CC), and episode-based (EB) 
models. PCC is analogous to the medical home. CC is the familiar reliance 
on specialty clinics to coordinate care with an individual’s PCP; this model 
acts as a bridge between primary and tertiary care. EB is dependent on coor-
dination around a speci�c episode of care (e.g., hospitalization) to facilitate 
transitioning the child to the home. Case management services may improve 
acute pain and chronic pain management, but their use is under-reported 
(Brennan-Cook et al., 2018).

The CC model would appear more appropriate for SCD, as Pordes 
et al. (2018) note that the target population for this model would include 
those with rare disorders, novel treatments, or high dependence on medical 
technology, especially those who may live at a distance from the tertiary 
center. In one study of medically fragile children, such a model reduced 
hospitalizations and hospital days and resulted in decreased tertiary center 
costs (Gordon et al., 2007).

As noted above, the PCC model or medical home for children with 
SCD has produced mixed results. In more general CMC populations, the 
PCC model is associated with fewer unmet care needs (Boudreau et al., 
2014), less functional disability (Litt and McCormick, 2015), and lower 
out-of-pocket costs (Porter�eld and DeRigne, 2011). Part of the dif�culty 
in obtaining replicable results for researchers examining outcomes associ-
ated with the PCC model may be a re�ection of the methodological gaps in 
this research (Pordes et al., 2018) and the complexity of implementing an 
effective model that may require a number of stakeholders and substantial 
investment (Berry et al., 2017).

4  It is important to note that adults as well as children are eligible for enabling services.
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While it was not their focus, Pordes et al. (2018) acknowledge that care 
coordination may involve stand-alone case management services provided 
by an insurance company or community agency. As noted above, the evi-
dence is mixed as to the effect of the medical home on parents’ experience 
of coordination and reduced use of acute care. In at least one study, the 
stand-alone model proved less effective (Wood et al., 2009). The committee 
found no studies comparing different types of case management in the care 
of children with SCD.

Community Health Workers and Community Educator Counselors

Services provided by community health workers (CHWs) include sup-
port for medication adherence, support through transition from pediatric- 
to adult-focused care services, and care coordination (Green et al., 2017; 
Wood et al., 2009). The Patient Navigator to Reduce Readmissions study 
is a single-site, multi-diagnoses pragmatic clinical effectiveness trial that 
compares a multifaceted, stakeholder-supported navigator intervention 
with usual care processes for hospital-to-home transitions for individu-
als hospitalized with various conditions, including SCD (Prieto-Centurion 
et al., 2019). The study uses trained CHWs to conduct in-person visits in 
the hospital and after discharge, in addition to telephone-based coaching, 
and compared the results with those from usual care in order to improve 
the experience of hospital-to-home transition of care and reduce the 30-day 
readmission rate. While it is still ongoing, this study includes early and 
continuous patient and caregiver engagement with clinicians and health 
system administrators in an iterative process to determine the behavioral 
components that are critical to success (Prieto-Centurion et al., 2019). Ad-
ditional information on the role that CHWs play in SCD care can be found 
in Chapter 8.

Transportation Services

A lack of transportation services is a signi�cant barrier to health care 
use in patients with chronic health conditions (Syed et al., 2013). The use 
of transportation services is reported to state funding authorities for indi-
viduals living with SCD; however, this information is not published. Access 
to information about the need for transportation services and the type of 
services used would be useful in improving our understanding of barriers 
to care and developing funding sources. The need for transportation to and 
from medical appointments and following hospitalizations is expected, but 
further investigation is warranted into whether transportation to pharma-
cies, dental visits, and behavioral health appointments could bene�t this 
population.
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Telehealth Services

Telehealth comprises the broader consumer-facing methods or means 
of support provided to patients to enhance health care delivery and clini-
cal outcomes (Ray and Kahn, 2020). Telemedicine, a type of telehealth, is 
the use of technology to provide clinical care from a provider to a patient. 
Telehealth support helps improve access to care by �lling a gap that tradi-
tional models of health care delivery have exposed (Ray and Kahn, 2020).

Telehealth can also prove vital in addressing the psychosocial needs of 
people living with SCD. An interactive mobile monitoring system using text 
messaging via a web-based platform to deliver acceptance and commitment 
therapy,5 a form of cognitive behavioral therapy (CBT), has been shown 
to provide real-time psychotherapy intervention to adolescents living with 
SCD (Cheng et al., 2013). The �nal results of this study have not been 
released, but a similar intervention showed signi�cant favorable effects for 
depression, mindfulness, and other psychological symptoms in individuals 
with chronic pain (Yang et al., 2017), suggesting the need for more de�ni-
tive studies in SCD.

Two recently funded clinical trials leveraging telehealth among 
transition-age individuals with SCD are currently ongoing. One study 
compares the effectiveness of two self-management support interventions 
(by CHWs and the mobile health iManage app) versus enhanced care6 
(Children’s Hospital of Philadelphia et al., 2018). The second study com-
pares the effectiveness of a structured, education-based transition model 
with or without virtual peer mentoring through a Web-based platform 
(Osunkwo and PCORI, 2018). Both studies will evaluate the role of the 
interventions in improving health-related quality of life (HRQOL) and 
acute care use.

A recent meta-analysis of the literature on telehealth in SCD man-
agement over the past two decades describes interventions for 747 par-
ticipants, including older children and adolescents (69 percent) and adults 
older than 18 years of age (31 percent), via text messaging (25 percent), 
native mobile (19 percent), or web-based apps (31 percent) in addition to 
mobile direct observation (13 percent) and Internet-delivered CBT therapy 
(13 percent), interactive gami�cation (13 percent), and electronic pill bot-
tles (6 percent) (Badawy et al., 2018a). Telehealth interventions targeted 
mostly medication adherence (31 percent); self-management, pain report-
ing, and symptom reporting (44 percent); stress, coping, sleep, and daily 

5  The focus is on enabling patients to accept troublesome thoughts instead of �ghting to 
reduce them (Guarna, 2009).

6  Usual care is a condition in which health care personnel determine a patient’s care inde-
pendent of a research team; enhanced usual care is when usual care is improved (enhanced) 
by using research protocols (Freedland et al., 2011).
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activities reporting (25 percent); cognitive training for memory (6 percent); 
SCD and reproductive health knowledge (31 percent); CBT (13 percent); 
and guided relaxation interventions (6 percent) (Badawy et al., 2018a). 
While various telehealth modalities are being used in SCD management 
with demonstrated feasibility and acceptability, outcomes data on ef�cacy 
are modest, as study sample sizes have been small (Anderson et al., 2018; 
Cady et al., 2009). Future research should particularly be directed toward 
enhancing disease education, health literacy, and facilitating positive health 
behavior changes (Issom et al., 2015).

The concept of “telementoring” refers to virtual, case-based peer 
learning in a hub-and-spoke model by bringing together teams of disease 
experts and other health care professionals who manage the individuals lo-
cally, increasing provider knowledge and comfort, and equipping providers 
with disease-speci�c expertise. The telementoring model has been applied 
through the Health Resources and Services Administration, which funded 
the Sickle Cell Disease Treatment Demonstration Regional Collaboratives 
Program (SCDTDP) to expand access to care by providing the local care 
team with access to expert consultation and peer dialogue around disease 
management questions (Shook et al., 2016; Stewart et al., 2016). While it 
is too early to evaluate its impact on health outcomes for SCD, the educa-
tional impact of telementoring models has been demonstrated to be feasible 
and effective in educating providers on delivering specialty care from a 
distance and improving health care delivery (Salgia et al., 2014).

Translation Services

While the committee found no publications addressing access to lan-
guage translation services for SCD management, the population of interest 
consists of racial and ethnic groups whose �rst language is not necessarily 
English. There are increasing numbers of Spanish-speaking individuals 
living with SCD in the United States. Most states also have a high propor-
tion of African and European immigrants with SCD who do not speak 
English as their �rst language. Being in a home where English is not the 
primary language does not necessarily result in language delay; the child 
may be up to date in the other languages. However, children may be slower 
to speak if toggling between English and another language, but eventu-
ally they become �uent in both. Furthermore, one study found that par-
ents with limited English pro�ciency were more likely to report that their 
CSHCNs were uninsured and had no usual source of care or medical home 
(Eneriz-Wiemer et al., 2014).

It is well known that children with language and cognitive delays have 
early-onset school dif�culties (Cheng et al., 2014) and that these complica-
tions are common in children with SCD (Crosby et al., 2015). Therefore, it 
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is important that there is an assessment for language pro�ciency in the 
family of those with SCD, as a failure to recognize this as a barrier may 
lead to suboptimal care. Health care systems, providers, and public health 
departments continue to be cognizant of and responsive to the growing 
diversity of the patients in their catchment area by providing educational 
materials in multiple languages to meet patients’ needs. For example, the 
Massachusetts Department of Public Health’s website provides information 
in at least 12 languages (Commonwealth of Massachusetts, 2020). Provid-
ers serving the SCD population can leverage existing translated health care 
materials prepared for the general patient population. Finally, hearing loss 
is a known complication of SCD and may be the result of ischemic insults 
to the cochlea or as a consequence of common SCD medications, transfu-
sional iron overload, and infections (Stuart and Smith, 2019). Alternative 
forms of language support, such as sign language, may also be needed in 
this population.

Health Literacy Services

Understanding English does not assure that materials and communica-
tions with those with SCD will be equally well understood and acted on. 
Educational information provided to persons living with SCD should re�ect 
Centers for Disease Control and Prevention (CDC) recommendations for 
actionability and understandability as measured by the Clear Communica-
tions Index7 to ensure that the information is accessible to individuals with 
low health literacy (McClure et al., 2016). Clinical experience demonstrates 
low health literacy among caregivers of children with SCD and adolescents 
and adults living with SCD (Perry et al., 2017; Yee et al., 2019). Someone 
with low health literacy can be presumed to have low adherence to clinical 
care recommendations and low understanding of the disease. However, the 
committee found few studies that have explored the relationship between 
health literacy and health care use in people living with SCD. One study 
suggests that there is no relationship between health literacy and acute care 
service use (Caldwell, 2019). Large studies with representative samples of 
individuals living with SCD are needed.

Home Health Care Services

Home health care has been available for children living with chronic 
conditions since the 1990s. It is rarely covered by private insurance, so 
enrollment in Medicaid is required. As with many aspects of Medicaid, 

7  The Clear Communication Index is a research-based tool developed by the Centers for 
Disease Control and Prevention to assess public communication materials (CDC, 2019a).
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substantial variation exists among states regarding the implementation of 
the necessary waivers and other mechanisms. Moreover, the low levels of 
payment for services and the scarcity of skilled workers further limits access 
to such services. Suggestions for changes include integrating home health 
services into a child-focused health care system and greater reliance on 
telehealth support (Foster et al., 2019). The committee found no literature 
regarding home care services for children with SCD.

TRANSITION FROM PEDIATRIC TO ADULT CARE

More than 95 percent of children with SCD will survive into adulthood 
due to successes associated with early diagnosis, innovative preventative 
therapies, and improved comprehensive care (Hassell, 2010; Lanzkron 
et al., 2013; NHLBI, 2014; Quinn et al., 2010). However, transition to 
adulthood with SCD is often associated with a loss in the gains made dur-
ing the childhood period. Changes in the course and consequences of the 
disease shift from adolescence to adulthood. This is most evident in adult 
mortality rates and in the patterns of health care usage, particularly in the 
use of acute care. A major issue for health care providers is to maintain 
therapeutic continuity across this transition. However, there is limited 
research to support evidence-based interventions that effectively reduce 
the high mortality and morbidity associated with the transition period 
(Hamideh and Alvarez, 2013).

Impact of Transition

Mortality

Mortality rates among children with SCD have declined signi�cantly. 
A study by Hamided and Alvarez (2013), using data from United State 
death certi�cates from the periods 1999–2009 and 1979–1998, found 
that mortality rates were signi�cantly decreased in the 1999–2009 period. 
Compared with the 1979–1998 period, mortality rates had decreased by 
61 percent in infants less than 1 year of age, 67 percent in children aged 
1–4 years, and 22 to 35 percent in children aged 5–19 years. However, mor-
tality rates for individuals more than 19 years of age were seen to increase 
from 0.6 in the 15- to 19-year group to 1.4/100,000 in the 20- to 24-year 
group (Hamided and Alvarez, 2013). This period corresponds to the transi-
tion period from pediatric to adult medical care. Paulukonis and colleagues 
(2016) also found increases in mortality rates during the transition period. 
Based on surveillance data from California and Georgia, they reported a 
tripling of all-cause mortality among 15- to 24-year-olds compared with 
those under age 14.
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Health Care Use

Where young adults with SCD receive care is another noticeable change 
during the transition period. The ED becomes a primary site of care for 
young adults with SCD. An examination of data from 4,636 patients with 
SCD from the California Registry and Surveillance System for Hemoglo-
binopathies project found a higher use of acute care services among young 
adults with SCD. From 2005 to 2014 the average number of annual ED vis-
its for patients with SCD was 2.1; ED use was highest among young adults 
(2.8 visits for individuals aged 20–29.9 years) (Paulukonis et al., 2017).

Hospitalizations and readmissions are also higher in young adults. 
Data from the Healthcare Cost and Utilization Project 2000–2016 Nation-
wide Inpatient Sample showed that hospitalizations and readmissions are 
also higher in young adults. Adults ages 18–34 with SCD had the highest 
number of hospital inpatient stays (67,900 stays in 2016) compared with 
individuals with SCD in any other age groups (less than 26,000 stays for 
each of the other age groups in 2016) (Fingar et al., 2019). Furthermore, 
in 2016 the all-cause 30-day readmission rates following initial inpatient 
stays among patients with SCD were highest among those ages 18–44 
(39.4 percent) and lowest among those younger than 18 (20.1 percent) 
(Fingar et al., 2019).

Continuity of Care

The disparities in health outcomes during transition for young adults 
with SCD result from a complex interplay of factors related to the patient, 
their families and social networks, communities, health care providers and 
health care systems, practice settings, and government policies. The main 
challenge with transition for any chronic condition of childhood is the loss 
of continuity in medical care and psychosocial support, which can have a 
negative impact on short- and long-term outcomes. The committee was 
unable to �nd accepted standards for how best to transition young adults 
with SCD to adult care. However, there have been requests from the SCD 
community and stakeholders (including providers, health care systems, 
insurance payers, CBOs, patients, and family members) for a standardized 
process. There are models and indicators of successful transition, discussed 
further in this chapter and in Chapter 6, for the general population that 
could form the basis for an approach for the SCD population.

Barriers to Transition

Several patient, provider, and health system factors contribute to the 
poor health outcomes of young adults with SCD during transition (Bemrich-
Stolz et al., 2015; Sobota et al., 2015; Treadwell et al., 2016). Some young 
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adults with SCD struggle emotionally with adjusting from a more paternal-
istic pediatric model to the adult “individualistic” model of care. Adherence 
to disease-modifying treatment drops signi�cantly as they cope with the 
developmental maturation process (Blum et al., 1993). Some young adults 
with SCD report having inadequate information about adult care and a 
poor understanding of their disease and how it becomes more complex with 
age (Sobota et al., 2015). Knowledge gaps and poor communication also 
exist among pediatric and adult providers, compounding issues created by 
a lack of a standardized patient education curriculum for young adults with 
SCD (Sobota et al., 2015). Changes or lapses in insurance lead to gaps in 
comprehensive care—specialized and primary—during transition, amplify-
ing the existing barriers to accessing crucial services as the disease burden 
is increasing (Crowley et al., 2011).

Models of Transition

In 2011 AAP, in partnership with the American Academy of Family 
Physicians and the American College of Physicians, co-authored an ex-
pert opinion and consensus statement that provided clear guidance and 
a supportive decision algorithm to describe practice-based recommenda-
tions and six core elements for the health care transition of adolescents 
into adulthood, to maximize their lifelong functioning (AAP et al., 2011). 
These six elements include transition policy, transition tracking, transition 
readiness, transition planning, transition and transfer of care, and transi-
tion completion (AAP et al., 2011; White and Cooley, 2018). In 2018 the 
two authors updated their guidance to provide more practice-based qual-
ity improvement speci�city for the six core elements (White and Cooley, 
2018). Further expansion of the six core elements of optimal transition was 
re�ned by the Got Transition/Center for Health Care Transition Improve-
ment, which resulted in an open access comprehensive toolkit for clinicians 
(ACP, 2019). A time-series comparative study at �ve large pediatric and 
adult academic primary care practices in the District of Columbia found 
that quality improvement activities based on the Got Transition core ele-
ments resulted in improvements in transition from pediatric to adult care, 
as measured with the Health Care Transition Index (pediatric and adult ver-
sions) (McManus et al., 2015a). Another pediatric-to-adult managed care 
transition pilot project for young adults with chronic mental health chal-
lenges used the quality improvement process to incorporate the Six Core 
Elements of Health Care Transition (2.0) into routine care, showing sig-
ni�cant improvement in the transition index and all six elements over an 
18-month period (McManus et al., 2015b).

Young adults with SCD transitioning to adult care have speci�c needs. 
The critical components of transition readiness for patients include an 
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increase in disease knowledge, independence with self-care skills, and im-
proved pediatric and adult provider transition support (Monaghan et al., 
2014). Structured patient education increases disease knowledge, provides 
self-management skills, and is effective at increasing autonomy, self-ef�cacy, 
and disease self-management, which reduces acute complications in juvenile 
diabetes (Monaghan et al., 2014).

While most transition coordination models use education to address 
speci�c patient-level barriers to care (e.g., medication adherence, dis-
ease knowledge, transition readiness), it is also important to address the 
more complex societal ecosystems (e.g., family, school, culture, laws) 
within which the young adults with SCD must navigate independently in 
adulthood (Grif�n et al., 2013). Health system–based interventions alone 
are inadequate to address all their needs during transition. Researchers 
recommend a holistic transition framework that is multifaceted and in-
corporates the medical, psychosocial, education, vocational, and other 
needs of young adults as well as the involvement of the primary care and 
specialty care teams (DeBaun and Telfair, 2012; Treadwell et al., 2011). 
The impact of CBOs and urgent care teams needs to be explored. Best 
practices, particularly around transition readiness, optimizing transition 
success across various care delivery sites, and models of care require fur-
ther investigation.

Young adults with SCD have also identi�ed isolation as a key challenge 
during the transition process, and learning from someone who has been 
through the process is a desirable component of transition (Sobota et al., 
2015). The importance of peer mentoring, where an older peer with experi-
ence provides support and guidance, was repeatedly mentioned as a desired 
approach by patient panelists who participated in the National Academies 
of Sciences, Engineering, and Medicine’s SCD committee’s open sessions. 
A pilot project on peer mentoring for 40 mentees with SCD demonstrated 
that peer mentoring can effectively sustain support for young adults with 
SCD by reducing isolation and improving community engagement and 
self-ef�cacy while modeling independent life skills without the high cost of 
professional support systems (Okochi et al., 2019).

A comparative effectiveness study sponsored by the Patient-Centered 
Outcomes Research Initiative is currently under way at 14 clinical sites 
across the eastern United States to examine the effect of a structured edu-
cation-based transition program with or without peer mentoring (PCORI, 
2020). The program was modeled after the six core elements in Got Transi-
tion and tailored speci�cally for pediatric and adult SCD clinics (PCORI, 
2020). Sites received coaching using the model for improvement methodol-
ogy and participated in monthly quality improvement coaching calls. All 
sites have systematically improved their transition processes, indicated by 
their scores on an SCD transition process measurement tool that measures 
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adherence to the six core elements. This model has also proven feasible 
within large health systems (Jones et al., 2019) and a Medicaid managed 
care plan (McManus et al., 2015b). The 2016 National Survey of Children’s 
Health of 20,708 adolescents, aged 12–17 years, found that only 17 percent 
of CSHCN met the overall transition measure that was calculated based 
on three elements: whether a health care provider discussed the fact that 
health care will shift eventually to an adult health care provider, whether a 
health care provider actively worked with youth to gain self-care skills or 
to understand that health care will change at age 18, and whether the youth 
had time alone with a health care provider during the last preventive visit 
(Lebrun-Harris et al., 2018). Efforts need to be intensi�ed to ensure that all 
CSHCN, including those with SCD, receive adequate transition planning 
support (Lebrun-Harris et al., 2018).

In an effort to develop a transition model that works for young adults 
with SCD, researchers stress that the process must begin early, perhaps 
even as early as birth, and incorporate the whole life perspective. Areas of 
emphasis for transitioning should include “preparing pediatric patients for 
the culture of adult medicine, promoting self-advocacy in obtaining support 
from schools and employers, and addressing issues of funding of health care 
services” (Treadwell et al., 2011, p. 8).

HEALTH CARE FOR ADULTS WITH SCD

Just a few decades ago SCD was characterized as a childhood disease 
because relatively few individuals with the disease lived far into their adult 
years. However, advances in treatment have led to of SCD being character-
ized as a lifelong, chronic condition. Subsequently, adults with SCD in the 
United States and other countries require health care that manages and 
responds to disease-related symptoms. One major factor that distinguishes 
adults with SCD from children is that adults’ bodies bear the history of 
years of SCD’s effects. One study found that by the time individuals with 
SCD reached adulthood, the majority (59.3 percent) had accumulated end-
organ damage involving at least one organ and 24.0 percent had multiple 
organs involved. The number of end organs affected is positively correlated 
with mortality (Chaturvedi et al., 2018). This makes adults’ health care 
requirements different in various ways.

Primary Care

Individuals with SCD are at high risk for developing multi-system acute 
and chronic conditions associated with signi�cant morbidity and mortal-
ity (Mainous et al., 2019; NHLBI, 2014). They can also develop the usual 
medical comorbidities seen in the general population. Therefore, health care 
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for adults with SCD should consist of frequent routine visits with a sickle 
cell expert to monitor for end-organ damage and develop an individualized 
plan of care for pain and overall disease management and routine preventa-
tive care visits with PCPs, dentists, and obstetrician/gynecologists. Primary 
care should encompass health promotion, disease prevention, health main-
tenance counseling, patient education, and diagnosis and treatment of acute 
and chronic illness in a variety of health care settings supported by differ-
ent health care personnel (IOM, 1996). The PCP’s role is to advocate for 
the patient within the health care system to accomplish cost-effective care 
by coordinating services and promoting communication that encourages 
patients to be fully engaged as active partners (IOM, 1996).

While most children with SCD are cared for by specialists (e.g., pediat-
ric hematologists), most adults transition to primary care providers due to 
the lack of a comprehensive nationwide network of adult SCD providers 
(Grosse et al., 2009). A recent analysis of data on 1,147 adults with SCD 
from eight health systems in Florida found that 30.4 percent were cared 
for by a PCP, while 18.7 percent were cared for by an adult hematologist, 
27.5 percent by both a PCP and a hematologist, and 23.3 percent by neither 
a PCP nor a hematologist (Mainous et al., 2019). Individuals receiving care 
from both a PCP and a hematologist were less likely to have frequent hospi-
talizations than those cared for by a single specialist, leading the researchers 
to conclude that individuals with SCD will bene�t from care from both a 
hematologist and PCP. It is important to establish management strategies 
between primary care and adult or pediatric sickle cell subspecialists to 
enhance PCPs’ knowledge of overall SCD care and improve its outcomes.

There are various reasons why very few adults with SCD receive ap-
propriate care in the primary care setting. The challenges of dealing with 
chronic pain as well as managing opioid therapy, implicit bias and stigma, 
assumptions around opioid use in SCD re�ecting addiction, and provider 
knowledge de�cits about SCD all contribute to reduced access to evidence-
based primary care services (Brennan-Cook et al., 2018; Gomes et al., 
2015). Many adults with SCD do not consider their PCP as a gateway for 
accessing more specialized health care services and, therefore, do not make 
use of specialized services even when they are available. PCPs see a myriad 
of rare disorders and have signi�cant challenges maintaining expertise and 
keeping abreast of improvements and new treatments for managing com-
plex conditions (Mehta et al., 2006). A survey of more than 1,000 family 
physicians found that only 15.7 percent of physicians under the age of 50 
and 25.1 percent of physicians over the age of 50 felt comfortable treat-
ing individuals with SCD (Mainous et al., 2015). In another study, among 
1,288 general internists and pediatricians surveyed, only 32 percent of 
general internists reported being comfortable providing primary care for 
adults with SCD (Okumura et al., 2008).
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In response to the poor rates of co-management between PCPs and 
hematologists, one state has established a management model to optimize 
SCD outcomes and mitigate the high cost of care, particularly for adults. 
Community Care of North Carolina (CCNC) established a population 
health model for managing the approximately 3,000 individuals living with 
SCD in the state in 2017 who were publicly insured under the Medicaid 
managed care organization. CCNC identi�ed, through multi-stakeholder 
conversations, barriers to accessing care that led to poor outcomes and 
increased the cost of care, including irregular/poor follow-up with both 
PCPs and hematologists, a lack of insurance, and the distance from the spe-
cialty SCD centers in the state (Steiner et al., 2008). Through partnerships 
between the North Carolina Department of Public Health and the six spe-
cialty centers, CCNC established a framework to facilitate the implementa-
tion of best practices in primary care and co-management between PCPs, 
specialists, and EDs, leveraging the role of payer-deployed case managers 
and establishing communication pathways to disseminate provider support 
tools (CCNC, n.d.; Lunyera et al., 2017; Rushton et al., 2019). The case 
manager is a member of the health care team who develops a longitudi-
nal relationship with the individuals living with SCD and acquires robust 
knowledge of their medical experiences and psychosocial and behavioral 
health needs. The case manager can then tailor care coordination support 
for each individual based on lived experience to help improve overall QOL 
and health outcomes (Brennan-Cook et al., 2018).

Implementing clinical decision support tools embedded in the electronic 
health record (EHR) is another way to support PCPs by providing examples 
of evidence-based care for individuals living with SCD. One study used a 
best-practice alert educational information for the provider (implemented 
in the EHR) about screening for transfusional iron overload using a simple 
blood test (serum ferritin) (Mainous et al., 2018). Elevated serum ferritin 
is well established in population studies as increasing the risk for all-cause 
mortality (Mainous et al., 2004) among adults with SCD (Darbari et al., 
2006). Results from one study showed that clinician decision support 
paired with provider education was particularly effective in helping PCPs 
address this frequently unrecognized but potentially lethal complication 
(Peterson et al., 2015). Because the intervention was also cost effective and 
did not increase the burden on the PCP, it was recommended as a feasible 
practice change (Peterson et al., 2015).

Like children with SCD, adults with SCD often do not receive the 
routine preventive care recommended by the U.S. Preventive Services Task 
Force or the immunizations recommended by the Advisory Committee on 
Immunization Practices. SCD falls under the category of “additional risk 
factors,” which includes anatomical or functional asplenia and may include 
chronic lung, liver, or kidney disease, particularly as adults age and develop 
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end-organ damage (CDC, 2019c). Asplenia in SCD is often underappreci-
ated by providers and affected individuals. It is also recommended that 
women of childbearing age regularly use contraception to reduce the risks 
of unintended pregnancy, with the nuance that the progestin-only and bar-
rier methods are preferred (CDC, 2010; Smith-Whitley, 2014).

Specialty Care8

There is a signi�cant dearth of high-quality, evidence-based research 
to guide the ambulatory management of adults with SCD, with even fewer 
descriptive reports on adult SCD programs (Andemariam and Jones, 2016; 
Grosse et al., 2009). The lack of evidence poses a challenge for managing 
these individuals outside of SCD centers. Access to high-quality care is 
limited further by the limited supply of providers with speci�c SCD ex-
pertise, even within specialty care centers. The committee loosely de�nes 
an adult SCD expert as a clinician with both the necessary willingness and 
prerequisite experience. Unlike in pediatric care, where SCD management 
is a core component of hematology/oncology fellowship training, an adult 
SCD specialist may or may not have done a fellowship to become a trained 
hematologists/oncologist. Many adult hematologists and oncologists are 
also uncomfortable managing adults with SCD or may prefer to practice 
oncology, which is perceived to be more lucrative than hematology.

Most adults with SCD will have acute pain episodes, and many more 
will experience chronic pain, the management of which is nuanced, expe-
riential, and unstandardized. In an ongoing prospective study, Examin-
ing Sickle Cell Acute Pain in the Emergency Versus Day Hospital, which 
examines baseline characteristics of adults with SCD within 60 miles of 
four cities in the United States, 54 percent of individuals with hemoglobin 
SS disease and 46 percent with hemoglobin SC disease had three or more 
acute visits over a 12-month period, and 68 percent of the study cohort 
reported having chronic pain (Lanzkron et al., 2018a). Therefore, SCD spe-
cialists must develop expertise with acute and chronic pain in the context 
of SCD, a skill that is not often acquired during subspecialty training but 
rather gained by immersive experience. As will be addressed in Chapter 6 
on workforce development, the pool of adult SCD experts in the United 
States has a diverse training background, including hematology, oncology, 
pulmonology, critical care, emergency medicine, internal medicine, family 
medicine, pediatrics, pediatric hematology/oncology, and psychiatry.

8  Due to the lack of documentation of these workforce issues in the literature, some of the 
discussion in this section is informed by the committee’s expert opinion as practitioners and 
presentations by invited speakers at committee open session meetings.
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Unlike pediatrics, the majority of health care use by adults living 
with SCD is acute; this re�ects the decline in ambulatory care moni-
toring, especially around the time of transition from pediatric to adult 
care (Blinder et al., 2015). Medicaid claims data from 8 states on 3,208 
individuals showed that access to targeted disease therapies (chronic trans-
fusions, iron chelation, and hydroxyrea) signi�cantly dropped after age 
16, with increased rates of complications and increased health care costs 
(Blinder et al., 2013).

Ambulatory care for adults with SCD is often not shared or coordinated 
among providers with the appropriate expertise to manage both SCD and 
non-SCD comorbidities. A shared care model in which the PCP comanages 
a patient with complex specialized medical needs alongside a specialist with 
expertise in the condition of interest has been proposed for adults with SCD, 
like the models described for children above (Treadwell et al., 2011). This 
model was evaluated across eight health systems in Florida, and the results 
suggest that there is a bene�t in reducing acute care use; in particular, the 
model appears to better address total health care needs because individuals 
bene�t from the complementary expertise of the providers (Mainous et al., 
2019). This model has been well received, and it is believed to better capture 
comorbidities and prevent complications (Smith et al., 2008a), leading to 
successful clinical outcomes among patients with cancer (Klabunde et al., 
2013), chronic kidney disease (Scherpbier-de Haan et al., 2013), and men-
tal health issues (Lester, 2005), and it would likely produce similar results 
for patients with other chronic diseases such as SCD. Research evaluating 
the comparative effectiveness of various models of co-management will be 
essential to ensuring improved outcomes for individuals with SCD, particu-
larly as they transition from pediatric to adult care (Grosse et al., 2009).

There is a lack of standardization and clear descriptions of what should 
be done at each specialty clinic visit and how frequent these visits should 
be for adults living with SCD. Current trends still assume that “milder” 
forms of SCD require less frequent medical touch points, despite evidence 
that these genotypes (SC, SB+ thalassemia) suffer similar burdens of pain 
and speci�c organ comorbidities (avascular necrosis, retinopathy) that re-
quire more frequent monitoring and attention. Outpatient follow-up with 
a provider shortly following an acute care visit has been associated with 
reduced rates of rehospitalization (Leschke et al., 2012).

Missed appointments are a signi�cant challenge and another barrier 
to care; patients can be dismissed from care if they miss more than two to 
three appointments with a speci�c provider (Cronin et al., 2019). It is im-
portant that the care team identi�es and proactively addresses risk factors 
for poor adherence to both scheduled appointments and prescribed thera-
pies. These risk factors include social determinants, psychosocial variables, 
social support, health literacy, and spirituality (Cronin et al., 2018).
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Subspecialty Care

Adults with SCD need access to various subspecialists to support the 
management of their multi-organ comorbidities that are speci�c to SCD. 
The most common subspecialists are radiologists, pharmacists, ophthal-
mologists, orthopedics, obstetricians/gynecologists, pulmonologists, cardi
ologists, nephrologists, and surgeons (see Table 6-1 in Chapter 6). The 
committee found no literature on the rates at which adults with SCD are 
seen by these subspecialty providers, nor did the committee �nd any litera-
ture assessing the experiences of subspecialists in the care of adults with 
SCD; these areas represent a signi�cant research gap.

Acute Care

Acute pain is the most common reason that individuals with SCD 
seek health care, even though the vast majority of acute pain episodes are 
managed at home (Dampier et al., 2002b; McClish et al., 2006; Smith 
et al., 2008b). Such episodes are particularly an issue for adults (Yale et al., 
2000). Children and adolescents also experience acute pain episodes. For 
example, one study conducted in children and adolescents, which required 
participants to keep daily diary entries to record their pain history, found 
that daily pain and acute pain exacerbations are relatively infrequent in 
childhood but increase in adolescence (Dampier et al., 2002a).

There are long-term consequences associated with poorly treated acute 
pain in individuals with SCD, including progression to chronic pain syn-
dromes, adverse effects of chronic opioid usage, psychological maladjustment, 
poor QOL, and excessive use of health care (Telfer and Kaya, 2017). When 
acute pain is left untreated, there is the potential for acute neurohumoral 
changes, neuronal remodeling, and long-lasting psychological, emotional, 
and economic distress, which may ultimately lead to prolonged chronic pain 
states (Dunwoody et al., 2008; Gjeilo et al., 2014; Polomano et al., 2008).

Regardless of the approach, adequately managing acute pain is the only 
known way to prevent the development of chronic pain, which has been well 
described and appreciated in the literature concerning post-operative pain. 
Nevertheless, this method to address acute pain has been poorly applied in 
the SCD context, even though SCD has a well-known pathophysiological 
mechanism that results in recurrent episodes of acute pain. Unfortunately, 
for nearly a century these consequences of poorly treated acute pain have 
not been considered in the development of standardized home-based SCD 
pain management protocols, nor have they been considered in the education 
and communication about SCD pain and its management for patients and 
providers. There remains a major research gap in this area that has been 
heightened by the emotional response of providers and the community to 
the widely publicized opioid crisis.
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Home-Based SCD Pain Management

Currently, the home management of acute SCD pain in adults typically 
starts with physical rest and oral hydration, followed by as-needed oral 
analgesics with or without muscle relaxants. The oral analgesics include ac-
etaminophen, non-steroidal anti-in�ammatory agents (NSAIDs), and vari-
ous opioid preparations. Many adults, however, are on daily, long-acting 
opioids for chronic pain and are advised to continue taking these and to 
add short-acting preparations for pain management. Ideally, this regimen 
would be developed using shared decision making with the SCD pro-
vider to establish an individualized pain management plan (Ballas, 2005; 
Balsamo et al., 2019).

For adults with SCD, chronic pain is often the norm rather than the 
exception. One study found that 51 percent of participants reported pain 
on at least half of the days during the study period (Smith et al., 2008b). 
Any pain was 10 times more likely to be managed at home than in the 
acute care setting, whereas crisis pain was only 4 times more likely to be 
managed at home (Smith et al., 2008b). Interestingly, home opioid use 
was variable and was related to having more pain, more crises, and higher 
acute care use. This offers a broad research opportunity to help individuals 
with SCD establish a structured regimen for managing their various types 
of pain (chronic pain, acute pain exacerbation, acute pain crisis) logically 
and systematically, using opioids when appropriate (Smith et al., 2008b).

Systematic efforts to help individuals living with SCD understand their 
personal pain experience and adopt optimal evidence-based strategies for 
acute SCD pain self-management are scarce, perhaps because of the dif-
�culty these individuals encounter in describing their pain (Jenerette et al., 
2014; Matthie and Jenerette, 2017). Especially starting in adolescence, 
when pain experiences start to peak, individuals report having signi�cant 
barriers to effectively describing and characterizing their pain (Lee et al., 
2012). Individuals may also seek pain relief through complementary and al-
ternative methods, such as prayer, relaxation techniques, massage, exercise, 
and spiritual healing; however, these methods have not been well studied 
and are not well understood by the health care establishment (Clayton-
Jones and Haglund, 2016; Thompson et al., 2014). While the research 
on the ef�cacy of these approaches is limited, providers need to be aware 
of them in developing patient-centered approaches for care management 
(Mongiovi et al., 2016).

Institutional Acute Care

Home-based pain management and health system–based acute SCD 
pain management (acute care use) occur at the opposite ends of a wide 
spectrum of SCD pain frequency and severity (Smith et al., 2008b). When 
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pain management is attempted at home and fails, individuals will seek acute 
care. Acute SCD pain that requires health care use is addressed either in the 
ED or in a separate hospital-based location designed to avoid the delays in 
access to pain management that are often inherent in busy urban EDs. If the 
pain is not controlled at home, patients may elect to go to a day infusion 
center, an ED, or a hospital clinical decision unit. Chapter 2 details some 
of the challenges for getting care even in the ED.

Day Hospitals and Infusion Centers

There are several day hospitals or infusion centers around the country, 
some of which are solely for the use of adults presenting with acute VOC 
and others that function as shared facilities for SCD and other hema-
tological diagnoses. These facilities are commonly available for limited 
times and provide analgesic and supportive therapy for those not requiring 
an extended stay to manage an uncomplicated acute SCD pain episode 
(Lanzkron et al., 2015). This approach to care is resource intensive and 
requires dedicated physical space along with specialty-trained multidis-
ciplinary personnel. However, these facilities offer a viable strategy for 
managing acute VOC pain due to their effectiveness in reducing admission 
rates and length of stay and overall health care costs compared with care 
in the ED (Adewoye et al., 2007; Benjamin et al., 2000; Han et al., 2018).

Effective treatment of an acute SCD pain episode follows three main 
principles: (1) provide prompt pain control using analgesics with high bio-
availability; (2) use supportive care strategies that include intracellular re-
hydration with hypotonic �uid (oral or intravenous), correction of hypoxia 
and acidosis, and other supportive care, including rest; and (3) use targeted 
treatment of the underlying trigger, such as infection or other complications 
(Platt et al., 2002). Often the third component is overlooked, not investi-
gated, or ignored, and individuals with SCD suffer needless progression of 
complications and high morbidity and mortality. The Georgia Comprehen-
sive Sickle Cell Center established the �rst 24-hour acute care center for 
SCD with a philosophy of prompt access to pain relief and engagement in 
ongoing comprehensive care to improve disease outcomes for its large SCD 
population (see Appendix F). There are algorithms for treating an acute 
pain episode using a combination of opioids and NSAIDs, with guidance 
on optimal dosing based on the half-life of each medication and frequent 
close monitoring for response and toxicity (Platt et al., 2002; Raphael et al., 
2008). According to these recommendations, oral or parenteral analgesia 
should be supplied as promptly as possible, with current guidelines recom-
mending within 30 minutes of triage or within 60 minutes of registration 
(NHLBI, 2014). This promptness is now considered a measure of quality 
of care for SCD. It is appropriate to re-evaluate the individual after the 
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�rst dose of analgesia. This evaluation is important in determining the ef-
�cacy of the treatment and in identifying any untoward toxicity, such as 
the oversedation, itching, and nausea that commonly occur with opiates. 
A frequent objective reassessment of the individual for pain and other 
symptoms is recommended every 15 to 30 minutes, with redosing of the 
analgesic in the case of poor pain control. These actions are associated with 
fewer hospital admissions, reduced length of stay, and increased patient sat-
isfaction (Brandow et al., 2016; Inoue et al., 2016; Kavanagh et al., 2015; 
Tanabe et al., 2017).

Unfortunately, while re-evaluating pain status and redosing analgesia 
within the recommended 15–30 minutes may occur in an SCD day hospital 
or CDU, as discussed below, it is rare in most EDs, for variety of reasons. 
Additional evidence-based strategies for optimizing ED acute pain manage-
ment are needed (Glassberg, 2017).

Clinical Decision Unit

A clinical decision unit (CDU) is a newer care option for evaluating 
and treating acute VOC pain. It allows for the evaluation of pain and high-
dose analgesic therapy over an extended period in an inpatient-like setting. 
CDUs are typically open for longer periods than infusion centers but follow 
similar protocol-based algorithms for delivering optimal pain management 
and investigating the reasons or triggers for acute pain exacerbation.

While CDUs are not dedicated to SCD patients (they address a wide 
variety of illnesses for which patients may require up to 24 hours of care), 
uncomplicated VOC is a diagnosis that, with proper entry criteria and 
an individualized treatment plan, can be successfully treated with a short 
stay in a CDU (Cline et al., 2018). There are robust data on the pharma-
coeconomic and clinical superiority of managing acute VOC using these 
specialized/targeted facilities with the right staf�ng and infrastructure.

A recent study comparing the care received by 370 children seeking care 
for acute VOC in either a CDU or the ED showed that the 140 children with 
SCD who were managed in the CDU were given the choice of an initial an-
algesic that was adherent to pain management guidelines (84 percent versus 
45 percent), had less time to �rst analgesia (32 minutes versus 70 minutes), 
and lower admission rate (29 percent versus 57 percent [odds ratio [OR] = 
3.82; 95% CI 1.87–7.82]) than children receiving care in the ED (Karkoska et 
al., 2019). While an ED-based dedicated observation unit has strong potential 
to affect the quality of the pain treatment, individuals with SCD continue to 
report negative experiences with provider attitudes, implicit bias, and stigma 
during their encounters with the ED and acute care in general. The commit-
tee was unable to �nd studies that investigated CDUs for adults, but there is 
no reason to assume it would not also be effective for adults living with SCD.
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Emergency Department

The ED is the most commonly used resource to evaluate and treat 
acute VOC pain and SCD complications in adults. In eight geographically 
disparate states in the United States containing 21,112 individuals with 
SCD, there was a mean of 2.59 acute care encounters per person per year, 
with the highest rates observed among publicly insured 18- to 30-year-olds 
(4.8 acute care encounters per person year) (Brousseau et al., 2010). EDs 
are open 24 hours per day, 7 days per week and have the resources to pro-
vide comprehensive evaluation and treatment. The ED has the advantage 
of being able to provide parenteral analgesic that may not available in the 
outpatient setting.

In addition, the ED is the optimal place to address unusual pain pre-
sentations or additional symptoms, such as shortness of breath and men-
tal status changes that may herald a severe complication rather than an 
uncomplicated pain crisis (Telfer et al., 2017). For a person who does 
not have readily available transportation to a CDU or SCD day hospital, 
access to the ED is often possible by calling 911. Thus, it is possible that 
individuals with SCD whose health care needs could be managed at a CDU 
or SCD day hospital may end up in the ED. The disadvantage of seeking 
care for acute SCD pain in the ED is the lack of familiarity between pa-
tient and provider, delayed care due to ED overcrowding, and the lack of 
provider familiarity with SCD. ED care is also quite expensive. According 
to 2009 estimates for approximately 70,000 individuals with SCD in the 
United States, the cumulative health care costs for individuals living with 
SCD exceed $1.1 billion per annum, representing mostly acute care use or 
ED and hospital admissions (Kauf et al., 2009). There is a nationwide trend 
to implement ED observational units to manage overcrowding and contain 
costs (Wiler et al., 2011). To standardize acute SCD pain management and 
optimize care outcomes in EDs, some EDs have implemented an observa-
tion unit as an alternative to a separate CDU or day hospital (Gowhari 
et al., 2015; Lyon et al., 2014). Regardless of the location of care, providers 
and health care teams should follow the tenets outlined in Table 5-1.

One major issue concerning individuals, particularly adults, with SCD 
is the extensive use of EDs for acute pain management. Paulukonis and 
colleagues (2017) performed the largest epidemiologic study on ED use by 
SCD patients, following a cohort of 4,636 California SCD patients over a 
10-year period (2005–2014). The study found that nearly all (93 percent) 
of those individuals had visited an ED at least once (for any diagnosis) and 
4,100 (88 percent) of the study participants had at least one treat-and-
release ED encounter during that time (Paulukonis et al., 2017). The aver-
age number of ED visits was 2.1 visits per person per year. In a single year 
(2005), 53 percent of those in the cohort had no treat-and-release ED visits, 
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35 percent had 1–3 visits, 9 percent had 4–10 visits, and 3 percent had 11 
or more visits; individuals in the highest-use group accounted for 45 percent 
of all of the ED visits during the study period. ED use was highest among 
young adults and higher among older adults than children (Paulukonis 
et al., 2017). Other studies have estimated an acute care use rate of 2.59 
to 3.0 visits per patient per year (Brousseau et al., 2010; Lanzkron et al., 
2018a). In two studies, adults accounted for the majority of all ED visits 
and hospitalizations (Lanzkron et al., 2010; Yusuf et al., 2010).

The information the committee found regarding ED visits by patients 
with SCD is the result of analyses of data collected from either a single 
clinical institution, a consortium of institutions, or a dataset based on a 
single source of administrative data (i.e., hospital discharge or Medicaid); 
each dataset has strengths and weaknesses associated with data quality. 
Data solely from clinical care centers may not accurately re�ect the general 
SCD population. By contrast, administrative data rely on International 
Classi�cation of Diseases (ICD) codes to identify patients with SCD, and 
these data include a larger number of patients, including those who receive 
care outside of SCD clinical centers. However, the correlation between SCD 
ICD codes and a laboratory-con�rmed diagnosis of SCD has been deemed 
unsatisfactory (Paulukonis et al., 2017). Thus, larger-scale epidemiologic 
studies are needed to develop an accurate measure of acute care use by SCD 
patients to guide treatment protocols (Lanzkron et al., 2015).

TABLE 5-1�The ABCs for Managing Acute Sickle Cell Pain

The ABCs for Managing Acute Sickle Cell Pain

A Assess pain using a universal pain assessment tool.

B Believe the patient’s pain level.

C Look for complications and causes, such as infection, gallstones, and 
splenomegaly.

D Implement drugs and distraction, using
•�Pain medications (opioids, NSAIDs if no contraindication, adjuvants),
•��Standardized dosing regimens or individualized plans when available 

(see NHLBI expert report guidelines for pain management), and
•��Distraction with music, TV, and relaxation techniques to reduce anxiety and 

anticipatory pain.

E Ensure that the environment is conducive to rest. The area should be quiet, 
with privacy.

F Provide �uids (hypotonic D5W or D5 1/4 NS).
Give a �xed dosing of analgesia—on a time schedule, not as needed or PRN.

NOTE: NHLBI = National Heart, Lung, and Blood Institute; NSAID = non-steroidal 
anti-in�ammatory drug; PRN = pro re nata (“when necessary”).

SOURCE: Adapted from Platt et al., 2002, with permission.
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Inpatient Admissions

Pain is one of the most common reasons for hospitalization and readmis-
sion in individuals with SCD (Ho et al., 2019); however, the complications 
leading to readmission may also include pain and fever. Annual hospitaliza-
tion rates for patients with SCD are 178 to 216 per 100,000 (Okam et al., 
2014). Hospitalization rates did not decrease after the U.S. Food and Drug 
Administration (FDA) approval of hydrxyurea (Okam et al., 2014). One 
possible explanation for this may be limited access to or poor adherence to 
hydroxyurea, per a study conducted in adolescents (Badawy et al., 2018b).

As noted in Chapter 4, SCD is one of the 10 most common reasons for 
pediatric hospital readmissions (Heslin et al., 2018). Readmission rates for 
adults with SCD are high as well. Risk factors for readmission vary, but 
lack of a PCP and a recent missed appointment are important indicators in 
the adult population (Brodsky et al., 2017; Cronin et al., 2019).

Unplanned readmission rates were highest for 18- to 30-year-olds 
(Brousseau et al., 2010). Readmission is also higher among those with pub-
lic insurance (Brousseau et al., 2010). The percentage of readmissions that 
are medically necessary versus those that are not has not been determined.

High-Use Acute Care

A small subpopulation of individuals living with SCD accesses acute 
care at rates signi�cantly more than two standard deviations above the mean 
of the population. These individuals are often referred to as “super-users” 
and may present to sickle cell day units and hospital EDs much more fre-
quently than others with a similar disease and comorbidity burden (Carroll 
et al., 2011). One study found that approximately 20 percent of the SCD 
population accounts for 54 percent of all ED visits (Epstein et al., 2006).

Super-users may have more severe disease, have a higher psychosocial and 
behavioral health burden with less social support, or lack coordinated care re-
sources (Aisiku et al., 2009). While the data are limited, Simpson et al. (2017) 
found that instituting comprehensive coordinated health care plans involv-
ing a multitude of support services (physicians, advanced practice providers, 
pharmacists, social workers, psychologists, and psychiatrists) was bene�cial 
for a small sample of super-user adults. The intervention was also bene�cial 
in reducing annualized acute care use across all measured indexes (Simpson 
et al., 2017). Compared with preintervention, the authors found statistically 
signi�cant reductions in the annualized number of ED visits (decrease of 16.5 
visits per patient-year). They also found lower annualized ED length of stay 
(decreased by 115.3 hours per patient-year), inpatient admissions (decreased 
by 4.20 admissions per patient-year), inpatient length of stay (decreased by 
35.8 hours per patient-year), and visits where the patient left before treatment 
(decreased by 13.7 visits per patient-year) (Simpson et al., 2017).
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Post-Acute Care

The transition from inpatient hospitalization or ED visits to home 
provides an opportunity to decrease hospital readmission or return visits 
to the ED. The transitional care strategies from the hospital to home for 
patients with SCD during this process are not reported. This may represent 
a missed opportunity for case management by nurses and community health 
workers (Logan, 2019).

A novel program, Aiming to Improve Readmissions Through Integrated 
Hospital Transitions, was established by a regional health care system to 
smooth the transition from acute care to community residence by reducing 
the 30-day readmission rate for a population with a high risk for readmis-
sion (McWilliams et al., 2019). This unblinded pragmatic randomized 
control trial included 1,876 patients under the care of a hospitalist for their 
inpatient admission to receive either usual care after discharge or care in a 
dedicated post-acute care multidisciplinary transition services clinic run by 
hospitalists. The clinic offered close follow-up for 30 days with access to 
a free-standing clinic that included a transition-dedicated internist, phar-
macist, paramedicine, behavioral health, and social work providers, with 
scheduling frequency and provider type matched to patient needs (McWil-
liams et al., 2019). The hospital follow-up could occur either in person or 
virtually in patients’ homes (facilitated by paramedicine) and included a 
comprehensive medication reconciliation by a pharmacist and, at a mini-
mum, weekly contact with a transition services team member with coordi-
nated support to transition to the next appropriate care location after 30 
days. While the 30-day readmission rate did not change in the group receiv-
ing transition services, those readmitted were less likely to require intensive 
care compared with the usual care group (15.5 percent versus 26.8 percent) 
(p < 0.02) (McWilliams et al., 2019). These transition services were later 
made available to adults with SCD as a nonrandomized cohort with tar-
geted efforts to increase community acceptance and engagement and strong 
collaboration between the SCD provider and the transition services provider 
team. Early indications show there has been a positive impact on reducing 
readmission rates for adults with SCD who use transition services.

Rehabilitation Services

Rehabilitation services are needed for multiple reasons in the SCD 
population. Physical disability (Swanson et al., 2011) is not uncommon 
and occurs after complications, such as stroke, avascular necrosis of the 
hips and shoulders, and leg ulcers, or after a prolonged hospitalization 
with extremely limited physical activity, such as those hospitalizations that 
occur with pain episodes. Historically, physical medicine and rehabilitation 
inpatient stays occurred after stroke in order to address the motor de�cits 
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associated with cerebral infarction and hemorrhage. For many children 
and adults with SCD and avascular necrosis of the hips and shoulders, 
physical and occupational therapy are used to improve pain and address 
mobility after surgical interventions. Patients with shoulder avascular ne-
crosis require occupational therapy, but their use of these services is under-
reported. Many require surgical management of avascular necrosis, which 
includes core decompression and hip replacement (Mallet et al., 2018). 
Physical therapy after hip replacement is essential for recovery, but where 
these services occur varies widely in the general population. Inpatient and 
outpatient services to improve mobility after surgery are limited by access 
to local services, transportation, and insurance (Clarke et al., 2017). The 
use of these services needs to be addressed in children and adults with SCD.

Kinesiotherapy, aquatic rehabilitation, and physical therapy may all be 
effective for managing acute and chronic pain (Alcorn et al., 1984). The use 
of physical therapy is not reported but seems to be prescribed particularly 
during or following prolonged inpatient stays for pain.

Palliative Care

Palliative care services are a holistic approach that includes advance 
care planning, disease management, pain relief, and support for bereave-
ment and grief using open and supportive communication strategies among 
the health care team, patient, and their families (Wilkie et al., 2010). Pallia-
tive care services to improve the QOL for people with serious illness, such 
as SCD, have been explored as a method to improve pain management and 
to support end of life, which typically occurs two to three decades earlier 
in individuals with SCD than in the general population (Ajayi et al., 2016). 
More than 78 percent of adults with SCD die in the ED or hospital at an 
average age of 45 (�r16 years).

Palliative services are, however, underused during end-of-life care for 
individuals with SCD (Johnston et al., 2019). Referral patterns for pallia-
tive care for non-cancer patients often re�ect the need for support with 
symptom management, particularly for pain (Ghanem et al., 2011). The 
factors in�uencing patterns of palliative care service use require further 
exploration.

Transfusion Medicine Services

Children and adults with SCD require intermittent and long-term red 
blood cell transfusions across the life span to decrease the proportion of 
sickle hemoglobin (HbS) relative to hemoglobin A and to increase the oxy-
gen-carrying capacity of red blood cells (RBCs), as discussed in Chapter 4. 
Transfusions may be administered as simple or exchange transfusions. 
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Exchange transfusions may be manual or automated, both of which are 
equally effective, but patients and providers may prefer the ease of au-
tomated exchange. However, access to automated exchange transfusion 
may be limited in some hospitals and in the outpatient setting for several 
reasons, including equipment cost and maintenance and prior inability to 
bill at an increased level for the procedure.

Behavioral Health

Published data on behavioral or mental health service use in children 
and adults with SCD suggest that children with mental health conditions 
use health services–related pain management at higher rates than those 
without such conditions, citing higher annual admission rates and longer 
lengths of stay (Myrvik et al., 2013) (see Chapter 4 for a more detailed 
discussion on behavioral and mental health). However, other studies im-
ply that poor physical functioning rather than poor mental functioning 
increases health care use in adults with SCD (Artz et al., 2009). Few data 
are published on health care use that does not involve pain management. 
However, in other chronic illnesses, such as obesity, adults with both obe-
sity and mental illness use health services more than those with just obesity 
do (Shen et al., 2008).

Facilitating Employment for Individuals Living with SCD

The Of�ce of Disability Employment Policy in the U.S. Department 
of Labor offers guidelines for workplace accommodations for individuals 
living with SCD (JAN, 2019). Eligibility for accommodations is outlined 
under the Americans with Disabilities Act. These accommodations may in-
clude allowing for a �exible schedule in order for the individual to receive 
necessary medical treatment, the provision of an adjustable workstation, 
and the use of an aide if needed.

Facilitating employment for individuals living with SCD can be a posi-
tive factor in managing health care use. Williams et al. (2018) followed 95 
individuals living with SCD prospectively and found that having employ-
ment was signi�cantly associated with decreased health care interactions. 
More information about employment outcomes for individuals living with 
SCD can be found in Chapter 2.

COMPREHENSIVE SCD CARE DELIVERY MODEL

Ultimately, enabling the delivery of effective treatment to all individu-
als living with SCD at all stages of the disease will require developing and 
implementing a comprehensive SCD care delivery model. There have been 
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efforts toward this end, but the resulting models fall short of ideal in vari-
ous ways. This section examines the current state of comprehensive SCD 
care, its strengths and weaknesses, and systems of comprehensive care for 
other diseases that could serve as models for SCD.

Overview of Historical, Federally Funded 
SCD Comprehensive Care Centers

Historically, the terminology “comprehensive sickle cell centers” 
was applied to those receiving funding through the National Institutes of 
Health’s comprehensive sickle cell centers program from 1972 to 2013 
(NHLBI, 2006). These programs were funded for SCD basic, translational, 
and clinical research and had strong clinical services at the core by pro-
viding activities such as diagnosis, counseling, and education concerning 
SCD and related disorders. This philosophy of strong clinical care as the 
backbone of research initiatives stemmed from the early comprehensive 
sickle cell centers, created by the 1972 National Sickle Cell Anemia Con-
trol Act, which provided the authority to establish treatment programs. 
Funding was limited, and no more than 10 centers were funded (Howard 
University, n.d.). When federal support for these centers ended, many sickle 
cell programs that were not federally funded had adopted the terminology 
“comprehensive sickle cell center” for their clinical care programs but with-
out the assurance that they had all the required components.

Although there is little published on the history of the comprehensive 
sickle cell centers, their in�uence set the stage for the infrastructure of sickle 
cell programs. In 2008 the NHLBI research program was restructured to fo-
cus on basic and translational research, speci�c grants, an expansion of the 
trials network to attract a broader array of participants, enhanced genomic 
research, and guidelines (NHLBI, 2008). This shift also led to the genesis of 
the concept of a clinical “center” for the care of children and adults with 
SCD that was termed the “comprehensive sickle cell center.”

De�ning a Model for Comprehensive SCD Care

As with many rare conditions with early childhood mortality, the 
focus of SCD care in the 1960s and 1970s was on curtailing mortality by 
preventing infections. The splenic dysfunction that leads to an increased 
risk for infection was well established by the time that the 1972 Sickle 
Cell Disease Control Act was implemented. One of the �rst efforts of the 
comprehensive sickle cell centers was the Prophylactic Penicillin Study 
in 1983 (Gaston et al., 1986). This randomized controlled trial demon-
strated an 84 percent decreased rate of infection in the penicillin group 
(Gaston et al., 1986). Initiating oral penicillin early in life, before splenic 
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dysfunction, became the goal for a national newborn screening (NBS) 
program (Therrell et al., 2015).

The success of the NBS program and improved access to comprehensive 
care for children with SCD increased the proportion of children living to 
their third decade (Quinn et al., 2010). Comprehensive care was bolstered 
by implementing evidence-based care for infection and stroke prevention 
and by fostering widespread use of hydroxyurea and protocol-driven pedi-
atric care. Unfortunately, the resources adopted to support pediatric care 
did not evolve to include the adult care setting. Currently, sickle cell experts 
for adult-focused care are in short supply but increasingly high demand 
(see Chapter 6).

Key components of “comprehensive sickle cell centers” include a sys-
tem of care for children and adults with SCD across the life span. Services 
include health maintenance and preventive care in outpatient settings, 
where patient education, anticipatory guidance, and behavioral health are 
managed by a multidisciplinary team. Individuals with SCD have psy-
chosocial needs that should be addressed along with their medical needs. 
Centers often understand patients’ challenges relating to stigma and health 
disparities, although this was not mandated in the funding requirements. 
These centers were embedded within health care systems that provided for 
the unique health care needs of SCD and were geared to ensure coordinated 
care. Below is a brief description of the desirable components, identi�ed by 
the committee, of a team-based, comprehensive care delivery model:

�x	 Health maintenance and prevention: These are services aimed at 
establishing a disease steady state across the life span, including ge-
netic testing for hemoglobin variants and RBC antigens and the 
management of long-term therapies, including hydroxyurea, chronic 
transfusions, and stem cell therapies.

�x	 Medical subspecialty care: This was initially focused on support 
for stroke and neurocognitive disorder management and pulmon-
ology for asthma, ACS, and chronic lung disease management. It 
has since evolved to include a myriad of specialists targeting the 
multisystem complications of SCD discussed in Chapter 4.

�x	 Neuropsychiatric and neurology services: These services include 
evaluation for neurocognitive de�cits, executive function, cere-
bral ischemia (“silent” and “overt” manifestations), and cerebral 
vasculopathy. Neuroimaging to assess Chiari malformations and 
aneurysms is a component of care, coupled with radiology services.

�x	 Behavioral health: These services address depression, posttraumatic 
stress, anxiety, pica, opioid use disorders, and other behavioral 
health issues in an environment of care that acknowledges poverty, 
racism, and its associated behavioral health management strategies.
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�x	 Radiology: These are specialized services for TCD ultrasonography 
for the accurate assessment of TCD velocities to assess stroke risk, 
echocardiology techniques to accurately assess tricuspid regurgita-
tion jet velocities, imaging scans to assess pulmonary hypertension, 
magnetic resonance imaging for stroke management, and imaging 
tests to detect avascular necrosis.

�x	 Blood bank and transfusion medicine: These appropriately provide 
RBC units with extended antigen matching, the administration of RBC 
quantities that avoid hyperviscosity, automated and manual erythro-
cytapheresis to rapidly decrease HbS without increasing overall hemo-
globin values, and the minimization of transfusional iron overload.

�x	 Surgical care: These surgical subspecialty services are familiar 
with common indications for surgery, such as cholecystectomy, 
splenectomy, hip replacement, adenotonsillectomy, C-section, and 
ophthalmologic procedures, and the risk of surgical complications 
unique to SCD peri-operatively and long term.

�x	 Anesthesia and sedation services: These are specialized services to 
assess risk for the development of postoperative ACS.

�x	 Genetic counseling: These activities provide genetic counseling ser-
vices to individuals diagnosed by NBS or other screening modali-
ties, with accurate anticipatory guidance provided concerning sickle 
cell trait (SCT) diagnosis, pregnancy planning, and other issues.

�x	 Education and vocational services: These activities provide train-
ing and information about SCD to health care professionals at the 
center and in the community or region that the center serves and 
to patients, their families, and communities, with linkages to com-
munity support to optimize patient education and vocation.

�x	 Research: The comprehensive sickle cell centers conducted research 
to improve the treatment and prevention of complications, enhance 
the transfer of these new �ndings to the clinical setting, and identify 
new research directions. While research was a core component of 
the original design, centers were also required to provide support-
ive activities in diagnosis, management education, and counseling 
and to spread the research agenda across basic, translational, clini-
cal, and outcomes topics.

�x	 Data management core: Each center was supported by a central 
data coordinating point as a shared resource for data management, 
statistical support, and the standardization and development of 
research protocols, data element de�nitions, and staff training.

�x	 Physical and occupational therapy: These are ambulatory services 
in physical therapy, occupational therapy, and physical medicine 
and rehabilitation for avascular necrosis, reconditioning following 
prolonged hospitalizations, and weight management for healthy 
weight.
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�x	 Community outreach: This involved establishing communication 
channels between the comprehensive sickle cell center and the 
community via liaisons, who would inform the community about 
programs and provide community input into programmatic devel-
opment and priorities. Traditionally, these liaisons were members 
of a formally established SCD CBO with a close af�liation via 
formal membership to the national advocacy agency (the Sickle 
Cell Disease Association of America) and a broad scope of sup-
portive services (see Chapter 8 for more information). One step in 
improving services in the community might be to tap into the ex-
periences of these groups to identify and disseminate best practices.

The comprehensive centers model was an excellent attempt to op-
erationalize a care delivery model for infants and children, who had an 
exorbitantly high childhood mortality rate at that time. The next iteration 
of comprehensive centers should include attention to the morbidities that 
affect the aging population along with formalized tracking and measure-
ment of both the research and clinical and supportive care components. 
There are various models through which this care may be provided, and 
the following section outlines one.

Redesigning the Care Delivery Model

After the release of the Institute of Medicine report Crossing the Qual-
ity Chasm (IOM, 2001b), which highlighted the highly fragmented nature 
and poorly designed care processes of the American health system, new 
models for health care delivery were developed and implemented, such as 
the patient-centered medical home (PCMH) and comprehensive primary 
care plus (CPC+). These models were designed in response to challenges 
identi�ed in that report (IOM, 2001b):

1.	 Redesign care processes to effectively meet the needs of the 
chronically ill.

2.	 Improve information technologies to support chronic care.
3.	 Manage the growing knowledge base with training, workforce 

development, and clinical decision support.
4.	 Coordinate patient care across time, specialty, and location/

intensity of service (outpatient and inpatient).
5.	 Advance effectiveness of teams and multidisciplinary training.
6.	 Incorporate process and outcome measurement into daily work.

The �ndings from the 2014–2017 SCDTDP and its precursor, the Work-
ing to Improve Sickle Cell Healthcare project (2011–2015), recommended 
that developing a system of care for individuals with SCD should include 
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the main tenets of the patient-centered medical home such as a PCP for 
comprehensive care and continuous relationship, a multidisciplinary team, 
and specialists and community providers (Adams et al., 2017). These rec-
ommendations and proposed operational elements have been incorporated 
into speci�c care delivery models, such as the PCMH and CPC+. Other 
disease-speci�c models, such as the cystic �brosis care center accreditation 
standards, address these recommendations in way that are similar to how 
they are addressed by the PCMH and CPC+. However, such recommenda-
tions should take into consideration that health systems are complex, adap-
tive, and governed by shared goals and simple rules (IOM, 2001b). The 
current standard of SCD care in the United States does not follow the new 
rules for a 21st-century health care system (IOM, 2001b) (see Table 5-2). 
This will need to be changed in order to deliver team-based comprehensive 
care to individuals with SCD.

The PCMH is a model for delivering care with a core focus on advanc-
ing primary care and the health care home (Rich et al., 2012). The PCMH 
focuses on comprehensive, patient-centered, coordinated care with acces-
sible services and commitment to quality and safety (Rich et al., 2012). 
Comprehensive care involves using a team-based approach to provide men-
tal and physical health care. Patient-centered care is oriented around the 
patient’s needs, values, and preferences. Coordinated care provides the 
patient with acute and chronic care resources across a continuum. Acces-
sible services include telehealth and after-hour health services to ensure that 

TABLE 5-2�Simple Rules for the 21st-Century Health Care System

Current Approach New Rule

Care is based primarily on visits. Care is based on a continuous healing 
relationship.

Professional autonomy drives variability. Care is customized according to 
patient needs.

Professionals control care. The patient is the source of control.

Information is a record. Knowledge is shared and information 
�ows.

Decision making is based on training and 
experience.

Decision making is evidence based.

Do no harm is an individual responsibility. Safety is a system property.

Secrecy is necessary. Transparency is necessary.

The system reacts to needs. Needs are anticipated.

Cost reduction is sought. Waste is continuously decreased.

Preference is given to professional 
roles over the system.

Cooperation among clinicians is 
a priority.

SOURCE: IOM, 2001b.
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patients’ needs and preferences are met. Finally, the PCMH’s commitment 
to quality and safety involves using patient data for quality improvement 
purposes.

CPC+ is a primary care medical home model with a focus on advanc-
ing primary care through regionally based multi-payer payment reform 
and care delivery transformation (CMS, 2019). By 2019, 2,851 primary 
care practices and 55 payers across 18 regions in the United States were 
participating in CPC+ (CMS, 2019). Key functions of CPC+ include access 
and continuity, care management, comprehensiveness and coordination, 
patient and caregiver engagement, and planned care and population health. 
The three payment elements of CPC+ include a care management fee, 
performance-based incentive payment, and payment under the Medicare 
physician fee schedule.

The committee reviewed the PCMH, CPC+, cystic �brosis care centers, 
and the hemophilia model of care and identi�ed the following examples of 
how those care models operationalized the structural elements of an ideal 
care model (see Box 5-1).

Comparison with Cystic Fibrosis

The Cystic Fibrosis Foundation (CFF) accreditation rules maximize the 
learning of the complex, adaptive, health care system. The lack of these 
guidelines for SCD leaves care unimproved. While there is more than one 
method to accomplish good-quality care delivery for SCD, the absence of 
standards, expectations, and funding creates disparities within health care 
and between SCD care and that of other rare diseases, such as cystic �bro-
sis (recognized as one of the best examples of system design for a chronic 
disease of childhood). At a minimum, a single health professional could 
coordinate care for a population of patients with SCD, coordinating ap-
pointments, providing specialty-speci�c checklists, maintaining transition 
registries and disease registries, and providing disease-speci�c education 
for patients and families, connecting primary care providers and specialty 
providers (Bodenheimer et al., 2002b).

As a model for excellent outcomes in childhood chronic illness, the 
CFF requires accredited centers to prepare the workforce, with all spe-
cialties demonstrating teaching medical students, residents, and other 
workers in the health care �eld the highest standards of care. Such a 
requirement would also help SCD and other rare and childhood chronic 
illnesses. Additionally, educational materials and even “certi�cation” 
pathways for health professionals to become pro�cient in SCD manage-
ment would be a mechanism for increasing payment for practices that 
perform population management and high-quality care across all domains 
of care.
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BOX 5-1 
Key Elements for an Ideal Care Model

Team-Based Care
•	� Clinician-led, multidisciplinary team that includes patient and family 

involvement for shared decision making
•	 Pre-visit planning
•	 Alternative appointment types

Patient-Centered Care
•	 Multidisciplinary medical and behavioral health assessments
•	 Program priorities match patient priorities and needs
•	 Cultural appropriateness
•	 Outreach
•	 Clinical decision support
•	 Self-management
•	 Shared decision making

Patient Access to Care
•	 Access to monitoring and evaluation
•	 Access to outpatient services
•	 Access to medical records and continuous care

Case Management
•	 Risk assessment and mitigation through care management
•	 Person-centered care plan and care management

Care Coordination and Transitions
•	 Newborn screening
•	 Transitions of care

Quality Improvement Initiatives
• 	� Transparency in methods for measuring and reporting clinical outcomes
•	 Patient needs assessment
•	 Qualitative and quantitative evaluation
•	 Benchmarking
•	 Continuous improvement for data-driven quality improvement

Comparison with Hemophilia

Like SCD and cystic �brosis, hemophilia is a rare hereditary disorder 
whose treatment uses signi�cant resources for the health care system 
(Tarantino and Pindolia, 2017). In 2016 the National Hemophilia Founda-
tion in collaboration with McMaster University created a guideline on the 
use of care models for managing hemophilia. This guidance proposes the use 
of an integrated care model, including an integrated care team (NHF, 2016).
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The evidence on the impact of the integrated care model for the he-
mophilia population is limited, but positive; two separate research reviews 
cited the lack of rigorous research on the impact of hemophilia care models. 
Young et al. (2016) conducted a systematic review and found some evidence 
(described as low- to very low-quality) that, in comparison with other 
models of care, the integrated care model for hemophilia produces better 
outcomes (decreased mortality and fewer hospitalizations, ED visits, fewer 
missed school and work days). Stoffman et al. (2019) reviewed research re-
garding hemophilia care according to the World Federation of Hemophilia 
guidelines and described four aspects of care models that are recommended: 
global guidelines and protocols, collaboration with other countries, patient 
registries to track resource use, and the provision of personal care to op-
timize treatment outcomes. The cystic �brosis model and hemophilia are 
further described in Chapter 8.

Sickle Cell Disease Treatment Demonstration Program

SCDTDP, which began in 2004 and was funded by the Health Re-
sources and Services Administration, serves as a good model for organizing 
the delivery of comprehensive SCD care. Currently the SCDTDP provides 
grants to �ve regional networks consisting of sickle cell treatment centers, 
federally quali�ed health centers, and CBOs in 43 states across the United 
States to provide coordinated, comprehensive, culturally competent, and 
family-centered care to people with SCD and SCT9 (Adams et al., 2017). 
The goals of the SCDTDP are to improve care delivery and access for 
people with SCD and SCT, increase the number of providers with SCD 
expertise and knowledge of SCD treatment methods, and increase the use 
of hydroxyurea for people with SCD. To improve access to medical care 
and educational services, teams in the SCDTDP have implemented Project 
ECHO, which uses telementoring to connect local clinicians to experts 
from sickle cell centers and allows hematologists to share knowledge with 
primary care providers via real-time, virtual provider-to-provider educa-
tion and mentoring for sickle cell care and webinars on relevant SCD top-
ics (Adams et al., 2017). SCDTDP also improves the patient–provider 
interaction by using the chronic care model (CCM) approach. The goal 
of the CCM is to improve health outcomes for patients with chronic ill-
nesses by changing care delivery (Bodenheimer et al., 2002a). In order to 
provide patient-centered, evidence-based care, the CCM focuses on six 

9  The �ve regional grantees in the SCDTDP are Johns Hopkins in the Northeast region, 
Charlotte Mecklenburg Hospital in the Southeast region, Cincinnati Children’s Hospital in 
the Midwest region, Washington University in the Heartland and Southwest region, and the 
Center for Inherited Blood Disorders in the Paci�c region (Adams et al., 2017).
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components: community resources and policies, health care organization, 
self-management support, delivery system design, decision support, and 
clinical information systems (Bodenheimer et al., 2002a). The SCDTDP 
also offers a framework for continuous improvement; information collected 
from the SCDTDP, through a national collaborative website, was analyzed 
using core metrics to identify best practices for care delivery, educational 
materials for SCD treatment, and the ef�cacy of the SCDTDP (Adams 
et al., 2017). An evaluation of the SCDTDP showed demonstrable results 
in improving access to care, hydroxurea use, and provider education (see 
Appendix H). The geographic organization and reach of the program as 
well as the existing networks could form the basis of comprehensive models 
of care throughout the country.

Hemoglobinopathy Learning Collaborative

The Hemoglobinopathy Learning Collaborative, which was created 
under the auspices of the SCDTDP, has been implementing continuous qual-
ity improvement principles in the management and outcomes of SCD and 
other hemoglobinopathies (Oyeku et al., 2012). In a Delphi study, �ve driv-
ers of quality improvement were identi�ed: a strong community network; 
knowledgeable individuals, families, and providers; reliable identi�cation 
and follow-up; seamless co-management between primary and specialty 
care; and the appropriate treatment of acute episodes (Oyeku et al., 2012). 
These �ve themes are consistent with PCMH, CPC+, and cystic �brosis 
structural elements and should be included in SCD care.

BARRIERS TO COMPREHENSIVE CARE

There are various barriers to developing a system of comprehensive 
care for SCD; this section describes several such barriers and possible ways 
to overcome them.

Geographic Barriers

Few individuals living with SCD are seen by or have access to a com-
prehensive sickle cell center with specialized providers (Grosse et al., 2009). 
One barrier to comprehensive care for the chronically ill is geographic dis-
tance from specialized care, especially in rural areas (Kimmel et al., 2018). 
In addition, individuals with SCD may have dif�culty �nding appropriate 
primary care for several reasons, including the discomfort of providers with 
ambulatory care or managing disease-speci�c conditions (Whiteman et al., 
2015). A lack of familiarity with SCD may also result in clinician attitudes 
that further limit care (Haywood et al., 2009). The CDC Sickle Cell Data 
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Collection Project is collecting data on the geographic location of the sickle 
cell population in California and Georgia. This information, combined with 
health care usage data will inform unmet health needs. Models such as the 
Project ECHO model should be explored to improve provider access to 
sickle cell expertise to improve patient outcomes (Zhou et al., 2016).

Innovative Care Models to Overcome Geographic Barriers

To overcome geographic barriers, newly available technologies may 
prove useful. These innovative approaches may focus on the individual with 
SCD and on providers. Email and text messaging have allowed patients far 
greater ease of connecting with providers (Raphael and Oyeku, 2013). For 
providers, telemedicine with videos has been used to enhance the delivery 
of primary care (Woods et al., 1998). A more sophisticated approach, 
Project ECHO, is an interactive model of training hospital and acute care 
providers in high-quality, culturally sensitive care for individuals with SCD 
(Arora et al., 2007). Project ECHO uses telementoring through a hub-and-
spoke model, in which the expert providers are the academic “hub” and 
the clinicians in the local communities are the “spokes” who provide the 
knowledge and guidance needed to provide SCD patients with proper care 
(Project ECHO, 2020).

Models Incorporating CBOs

Another innovative model is the CDC-designed collaborative approach 
for addressing chronic care, which involves CBOs. This model uses four 
strategies: (1) epidemiology and surveillance, (2) environmental approaches 
that support health, (3) health system interventions to improve the use of 
clinical and preventive services, and (4) community resources linked to 
clinical services (Bauer et al., 2014). Employing similar models for SCD 
alongside an integration of behavioral and integrative health should be 
considered.

Financial and Socioeconomic Barriers

Insurance Coverage

In a series of reports (IOM, 2001a, 2002a,b, 2003a,b, 2004), the IOM 
laid out the importance of health insurance to individual and community 
health. It corrected the myths about the uninsured; delineated the effects 
of a lack of insurance on treatment for various serious conditions; em-
phasized the in�uence of the family on access to insurance and the effect 
of changes in family formation on insurance; delineated the effect of a 
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lack of insurance on the health and well-being of individuals, families, 
and communities; and presented principles for reducing lack of coverage. 
Of particular importance to the current report, the reports emphasize the 
disproportionate burden on minority and low-income families and the 
changes in insurance coverage that can emerge with changes in employment 
or family composition, such the loss of family coverage for young adults. 
Although the reports do not examine SCD speci�cally, they do emphasize 
the importance of insurance in obtaining primary care and care for chronic 
illnesses. A later report found that there was an increase in the uninsured, 
especially low-wage earners, and an increase in restrictive policies for those 
with insurance (IOM, 2009). Thus, it would be expected that the type and 
content of health insurance would be a major in�uence on the ability of 
SCD patients to access medical care.

Private insurance is also variable. Until the Patient Protection and 
Affordable Care Act, private health insurance companies could use a pre-
existing condition as a basis for denying individual insurance coverage 
(KFF, 2019). Evidence from the cystic �brosis population suggests that 
extending parental coverage for young adults to the age of 26 resulted in 
greater access to care, even though it does not automatically guarantee 
better health (Lanzkron et al., 2018b). Even with private insurance, cover-
age may vary due to changes in jobs or other reasons. Insurance may not 
be adequate for the individual’s needs, particularly durable medical equip-
ment (NASEM, 2017), behavioral health care (IOM, 2003c), and dental 
care (Berdahl et al., 2016).

Finally, not all types of insurance may be considered equivalent. Anand 
et al. (2017) reported that among children undergoing hematopoietic stem 
cell transplant, those with private insurance were more likely to receive 
it. Previous sections of this chapter have also noted the variation in state 
Medicaid plans for both general services and CSHCNs.

Other Barriers

As suggested by the enabling services, other factors in�uence access to 
care, including specialist availability, transportation needs, the availability 
of comprehensible patient materials, and, potentially, the need for transla-
tion services. As noted in Chapter 2, a number of social factors in�uence 
access to care, including stigma, bias, and lack of public awareness.

SERVICES FOR SCT

Screening in the United States occurs in newborns, during pregnancy, 
and before participation in National Collegiate Athletic Association (NCAA) 
Division I, II, and III sports. Other opportunities for screening should occur 
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for immigrants. The purpose of screening is two-fold: (1) to detect SCD and 
establish appropriate referrals for those with it and (2) to detect those at 
risk for having children with SCD.

SCT is associated with medical complications. Individuals with SCT 
have an increased risk for chronic renal disease, pulmonary embolism, and 
rhabdomyolysis (Naik et al., 2018). Recent data support the possibility 
of an association between SCT and atrial �brillation (Douce et al., 2019).

Genetic counseling for families with children with SCT and for indi-
viduals with SCT improves the understanding of the risk of having offspring 
with SCD. In this context, rapid screening tests that use chemical reactions 
to determine the presence of HbS are not suf�cient to provide accurate in-
formation for genetic counseling. The best test for hemoglobinopathies is 
a hemoglobin electrophoresis that quanti�es the proportion of normal and 
variant hemoglobins. When accompanied by a complete blood count, better 
evaluations regarding the beta thalassemia trait are possible.

Screening for SCT and other hemoglobinopathy traits should be performed 
with genetic counseling before and during pregnancy. The American College 
of Obstetricians and Gynecologists recommends screening with a hemoglobin 
electrophoresis and complete blood count if there is a suspicion of hemoglobin-
opathy based on ethnic background (ACOG, 2017). A 2007 ACOG bulletin 
recommended that parents who are determined to be SCT carriers be provided 
genetic counseling to better inform their decisions regarding reproduction and 
prenatal genetic testing (ACOG, 2007). More research is needed on the use of 
genetic counseling for individuals with SCT (Pecker and Naik, 2018).

CONCLUSIONS

There is a paucity of data concerning access to and the use of health 
care by children and adults with SCD. The impact of socioeconomic and 
psychosocial factors, including comorbid conditions and mental health 
condition needs, should be addressed in this population. The lack of such 
information will make it dif�cult to plan needed services and assess their 
impact. Thus, one part of a strategic plan would be to de�ne and imple-
ment systems to gather the information related to health care use and the 
organizational health care infrastructure and the CBO infrastructure needed 
to provide high-quality care. One suggestion, as described in Chapter 3 
and this chapter, would be to develop registry and surveillance systems 
that collect information on not only patient demographics and metrics but 
also providers, services, and organizational infrastructure. Another might 
be to leverage existing national surveys to focus on SCD by combining 
years of data to obtain a suf�cient sample. A third would be to exploit ad-
ministrative datasets (e.g., insurance, Medicaid) to obtain a clearer picture 
of existing health care use among people with SCD (Grosse et al., 2010). 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

232	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

Models of care should be explored to determine whether any seem superior 
for addressing SCD, given the barriers to care and the need to take into 
account health worker shortages (see Chapter 6). However, the bene�t of 
pre-existing relationships among the SCD community, hospitals, and CBOs 
should be exploited. CDC’s strategic model for chronic illness delivery that 
incorporates community resources linked to clinical services should be ex-
plored further. These concepts must be explored in the context of increasing 
access to high-quality health care.

Conclusion 5-1: The available evidence suggests that the receipt of 
comprehensive care from a medical home is associated with fewer 
emergency department visits and hospitalizations for children with 
SCD. The receipt of comprehensive care involving a hematologist 
is also associated with greater receipt of preventive services for 
children with SCD. While children with SCD are cared for by a 
pediatric hematologist, they transition to adult health care providers 
who may or may not have experience with providing care for SCD.

Conclusion 5-2: There are no publications on the status of dental 
health among individuals with SCD. Considering that a substantial 
portion of the SCD population is covered by public insurance, it is 
important to note that the U.S. public insurance system does not 
universally provide dental coverage, so there are signi�cant barriers 
to access to dental care for SCD.

Conclusion 5-3: By the time individuals with SCD reach adulthood, 
the majority (59 percent) of them have developed end-organ damage 
involving at least one organ, thus necessitating care delivery from a 
primary care and adult sickle cell specialist and other providers to 
ensure comprehensive SCD care delivery and to improve outcomes.

Conclusion 5-4: Individuals with pain are more likely to manage 
their pain at home for a variety of reasons. However, home opioid 
use is variable and related to having more pain, more crises, and 
higher acute care use, thus offering an opportunity for research 
to help individuals with SCD establish structured regimens for 
managing care at home.

Conclusion 5-5: The transition from pediatric to adult care is a 
critical time for individuals with SCD. Young adults experience 
increased disease complications and end-organ damage and 
loss of health insurance and of the usual source of care and feel 
inadequately prepared to manage their disease. There are models of 
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transition for other diseases that can inform coordinated transitions 
for individuals with SCD.

Conclusion 5-6: Mental health care is signi�cantly compromised 
in SCD partly due to the chronic burden of disease and the impact 
of pain and pain treatments on the brain. There is a lack of good 
evidence regarding the natural history of mental health in SCD and 
detailed information on the psychological and psychosocial effect 
on patients as they age into adults.

Recommendation 5-1: The Of�ce of the Assistant Secretary for Health, 
through the Of�ce of Minority Health, should convene a panel of 
relevant stakeholders to delineate the elements of a comprehensive 
system of sickle cell disease (SCD) care, including community sup-
ports to improve health outcomes, quality of life, and health inequali-
ties. Relevant stakeholders may include the National Minority Quality 
Forum, National Medical Association, American Society of Pediatric 
Hematology/Oncology, American Academy of Pediatrics, American 
Board of Pediatrics, American College of Physicians, American Society 
of Hematology, Sickle Cell Disease Association of America Inc., Sickle 
Cell Adult Provider Network, and other key clinical disciplines and 
stakeholders engaged in SCD care; health systems; and individuals liv-
ing with SCD and their families.

Recommendation 5-2: The Centers for Medicare & Medicaid Services 
should work with state Medicaid programs to develop and pilot re-
imbursement models for the delivery of coordinated sickle cell disease 
health care and support services.

Recommendation 5-3: The U.S. Department of Education should col-
laborate with state departments of health and education and local 
school boards to develop educational materials to provide guidance 
for teachers, school nurses, school administrators, and primary care 
providers to support the medical and academic needs of students with 
sickle cell disease.

Recommendation 5-4: The National Heart, Lung, and Blood Institute; 
Health Resources and Services Administration; Centers for Disease Con-
trol and Prevention; and U.S. Food and Drug Administration should 
collaborate with the American Society for Hematology, Pediatric Emer-
gency Care Applied Research Network, Patient-Centered Outcomes 
Research Institute, and private funders of quality improvement initia-
tives to foster the development of quality improvement collaboratives.
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6

Delivering High-Quality 
Sickle Cell Disease Care with a 

Prepared Workforce

There needs to be a concise way of capturing that information 
and understanding what the implications are of different 

treatments and different delivery systems on different people, 
capture that somehow, and be able to feed that back to 

the clinician and the patient that are in the midst of trying 
to make a really important treatment decision.

—Sara van G. (Open Session Panelist)

Chapter Summary

• 	� Providing high-quality care for sickle cell disease (SCD) requires 
identifying evidence-based services for individuals with SCD and the 
availability of a trained and willing multidisciplinary workforce.

•	� More evidence is needed to establish clinical guidelines and quality 
indicators for the management of SCD.

•	� Adherence to the two National Quality Forum–endorsed measures 
(i.e., high-quality, evidence-based measures) is poor.

•	� There are signi�cant workforce training needs to achieve high-quality 
care in SCD.

•	� Although a multidisciplinary team approach is recommended, there 
is little or no evidence that this is occurring consistently across the 
institutions providing care for individuals living with SCD.
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High-quality care for individuals living with sickle cell disease (SCD) 
should be evidence-based and accompanied by clear, measurable metrics 
that assess quality and improve performance. Care should be delivered by 
a well-trained workforce that is willing and able to provide the necessary 
services. Chapter 4 discussed the myriad acute and chronic complications 
that individuals living with SCD experience, and Chapter 5 detailed the 
comprehensive health care and health-related services that individuals liv-
ing with SCD and sickle cell trait (SCT) need for optimal health outcomes. 
This chapter examines the state of evidence associated with clinical practice 
guidelines for managing the care of children and adults with SCD and the 
current state of health system performance assessment in delivering those 
services. This chapter also discusses strategies for addressing the obstacles 
to developing a cadre of health professionals who are prepared to deliver 
high-quality care. As discussed in Chapter 5, the committee recommends 
the use of a multidisciplinary team of providers to address the complex care 
needs of individuals living with SCD.

Some health care providers may be uncomfortable with providing SCD 
care because of a lack of knowledge and understanding about the clinical 
condition and the affected population. Clinical practice guidelines are an 
effective way of standardizing care and informing health care providers 
(especially non-experts) of the appropriate services that individuals living 
with SCD need. Commensurate endorsed quality metrics allow individual 
providers and systems to measure how well they adhere to available guide-
lines in providing such care and the consistency of this application to “every 
patient, every time.”

GUIDELINES FOR HIGH-QUALITY SCD CARE

Introduction

The discussion in this section is guided by the quality framework from 
two prior National Academies of Sciences, Engineering, and Medicine (the 
National Academies) publications, Crossing the Quality Chasm: A New 
Health System for the 21st Century (IOM, 2001) and Crossing the Global 
Quality Chasm: Improving Health Care Worldwide (NASEM, 2018). As 
noted in Figure 6-1, achieving quality requires ongoing attention by the 
health care system to provide care that is safe, effective, accessible/timely, 
ef�cient, equitable, and person-centered (NASEM, 2018).

Health care organizations and clinicians assess how well they are 
achieving these quality aims by assessing performance on metrics indica-
tive of high-quality care. To foster the delivery of high-quality SCD care, 
health care providers need information and tools that synthesize available 
knowledge into clinical practice, and clinicians, organizations, and payers 
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need to be able to measure, reward, and identify opportunities for improv-
ing quality. Quality measures, performance indicators, and clinical practice 
guidelines are all relevant tools. Where there is a strong evidence base, 
de�ned as well-conducted randomized control trials and robust data to 
support performance tracking, these evidence-based SCD services can be 
de�ned as quality measures. 

Quality measures are tools that help us measure or quantify health care 
processes, outcomes, patient perceptions, and organizational structure and/or 
systems that are associated with the ability to provide high-quality health care 
and/or that relate to one or more quality goals for health care. (CMS, 2020)

There are currently two measures for SCD care that have been endorsed by 
the National Quality Forum (NQF) (discussed in this chapter). Quality or 
performance indicators are “standardized evidence-based measures of health 
care quality that can be used … to measure and track clinical performance and 
outcomes” (AHRQ, n.d.). Quality indicators are used to benchmark actual 
performance against recommended practices; these are collected for reporting 
purposes and may be tied to payment. When the evidence base is insuf�ciently 
robust or still being gathered for services that the expert consensus sees as 
bene�cial, clinical practice guidelines can be developed to guide care delivery. 
“Clinical practice guidelines are statements that include recommendations 
intended to optimize patient care that are informed by a systematic review of 
evidence [and expert opinion] and an assessment of the bene�ts and harms 
of alternative care options” (IOM, 2011, p. 15). These guidelines help to 
standardize care by translating the existing research into recommendations 
for clinicians on the most bene�cial services for different patient populations.

FIGURE 6-1  Guiding framework for the transformation of care delivery.
SOURCE: NASEM, 2018.
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The structural aspects of health system design, such as the availability 
of a trained workforce and the use of data collection systems, are critical to 
adopting, measuring, and implementing quality measures and performance 
indicators.

Development of SCD-Speci�c Clinical Guidelines

As early as 1972 there were efforts to provide treatment guidelines 
for SCD, which were led by the National Heart, Lung, and Blood 
Institute (NHLBI) and a group of funded investigators who were aligned 
with the establishment of the SCD comprehensive centers (Prabhakar et al., 
2010; Smith et al., 2006). In 1984 NHLBI published the �rst set of na-
tional guidelines for SCD management, which were subsequently updated 
in 1989, 1995, 1999, and 2002 (NHLBI, 2002). In 2002 the American 
Academy of Pediatrics’ (AAP’s) Section on Hematology/Oncology and its 
Committee on Genetics published guidelines speci�c to SCD management 
for children with SCD (AAP, 2002).

In 2009 NHLBI convened an expert panel to develop guidelines for 
SCD management, which included health care professionals in areas such as 
pediatric and adult hematology, family medicine, and evidence-based medi-
cine (Yawn et al., 2014). The expert panel, along with an independent meth-
odology committee, reviewed the literature, rated the quality of evidence, 
and evaluated the strength of the recommendations. The quality of evidence 
was assessed using a modi�ed Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) framework (Balshem et al., 2011). 
The NHLBI expert panel’s process adapts the GRADE process and rates 
the quality of recommendations as “strong,” “moderate,” or “weak.” The 
panel therefore added the “moderate” category to the regular GRADE 
framework of “strong” or “weak” recommendations to capture research 
that is from either low-quality randomized controlled trials or large, well-
conducted observational studies. The expert panel also made consensus 
recommendations based on evidence-based practice guidelines from other 
entities, such as the U.S. Preventive Services Task Force (USPSTF) and the 
Advisory Committee on Immunization Practices (Yawn et al., 2014).

Before �nalizing its recommendations, the expert panel sought input 
from a number of associations with expertise in SCD, including AAP, the 
American Society of Hematology (ASH), and the American Society of Pedi-
atric Hematology/Oncology (ASPHO). The resulting guidelines, Evidence-
Based Management of Sickle Cell Disease, were published in 2014 (Yawn 
et al., 2014). Highlights of the NHLBI clinical guidelines covering health 
maintenance, the management of acute and chronic complications associ-
ated with SCD, and the use of hydroxyurea (HU) and transfusion therapy 
is included in Box 6-1.
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BOX 6-1 
Highlights of National Heart, Lung, and Blood Institute 

Expert Panel Recommendations for SCD, 2014

Highlights of the Sickle Cell Disease Expert Panel Report a

Health Maintenance
•	� Penicillin prophylaxis at least through age 5 years and vaccination 

against Streptococcus pneumoniae for all ages
•	� Screen children annually from age 2–16 years with transcranial Dop-

pler for stroke risk
•	� Screen all individuals beginning at age 10 years for microalbuminuria 

and proteinuria with spot urine to estimate protein/creatinine ratio
•	� No restrictions on progestin-only contraceptives (pills, injections, and 

implants), levonorgestrel, intrauterine devices, or barrier methods for 
women with sickle cell disease (SCD)

Management of Acute Complications
•	� Use an individualized prescribing and monitoring protocol for SCD 

pain episodes or an SCD-speci�c protocol whenever possible
•	� For severe pain, rapidly initiate around-the-clock parenteral analge-

sics, reassess frequently, titrate to relief
• 	� Immediate evaluation of all fevers > 101.3°F (38.5°C) and prompt 

administration of antibiotics in the case of a�ected children
•	� Do not give transfusions to treat priapism or acute renal failure unless 

there are other indications for transfusions
•	� Evaluate for acute chest syndrome in the setting of acute onset of 

respiratory symptoms irrespective of the absence of fever; hospital-
ize for further management if an in�ltrate is seen on chest X-ray or if 
oxygenation is subnormal

Management of Chronic Complications
•	� Use a combination of patient-reported pain relief, adverse e�ects, 

and functional outcomes to guide the use of long-term opioids for 
chronic pain

•	� Treat avascular osteonecrosis with analgesics and consult physical 
therapy and orthopedics for assessment and follow-up

•	� Obtain echocardiogram only in patients with signs or symptoms sug-
gestive of pulmonary hypertension

• 	� Initiate angiotensin-converting enzyme (ACE) inhibitor therapy for adults 
with microalbuminuria or proteinuria and no other apparent cause

Hydroxyurea and Transfusion Therapies
•	� Treat all adults with hydroxurea who have a history of three or more 

moderate to severe pain episodes in a 12-month period
• 	� Treat adults with severe or recurrent acute chest syndrome with 

hydroxyurea

continued
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Only a few of the strongly recommended NHLBI guidelines are sup-
ported by high-quality evidence. The majority of the recommended health 
care services had moderate or low evidence, indicating a huge gap in the 
evidence base for SCD interventions. Despite these gaps, the expert panel 
indicated that moderate-strength recommendations can be used to develop 
protocols to guide care delivery (Yawn et al., 2014). Recommended ser-
vices with low-quality evidence represent areas where some variation in 
care may be acceptable because the services may be appropriate for only a 
subset of the SCD population. There is a need to generate research to �ll in 
the evidence gaps for strongly recommended services where the supporting 
evidence base was moderate or weak or for services with moderate or weak 
recommendations.

Despite the NHLBI guidelines being a considerable contribution to 
improving the quality of care delivered, experts have noted that they 
have shortcomings, which offer valuable lessons for developing the next 
round of clinical guidelines for SCD. Citing recommendations from the 
Institute of Medicine report Clinical Practice Guidelines We Can Trust, 
which offers criteria by which guidelines should be assessed, experts note 
that the NHLBI panel did not include patient representation, thus missing 

•	� Consult an established prescribing and monitoring protocol to ensure 
proper use of hydroxyurea and maximize bene�ts and safety

•	� In infants 9 months of age or older, children, and adolescents with 
sickle cell anemia, o�er treatment with hydroxurea regardless of clini-
cal severity to reduce complications (e.g., pain, dactylitis, acute chest 
syndrome, anemia) related to SCD

•	� In adults with sickle cell anemia who have sickle cell–associated pain 
that interferes with daily activities and quality of life, initiate treatment 
with hydroxurea

• 	� Transfuse with red blood cells to bring the hemoglobin up to 10 grams 
per deciliter prior to operative procedures

•	� When transfusion is indicated, always use an extended red blood cell 
cross-matching protocol to include matching for C, E, and K antigens

a The complete set of clinical practice guidelines, quality of the evidence, and strength 
of the recommendations are available at https://www.nhlbi.nih.gov/health-topics/
evidence-based-management-sickle-cell-disease (accessed January 30, 2020).

SOURCES: Yawn and John-Sowah, 2015; republished and adapted with permission 
of the American Society of Hematology from Thompson, 2014; permission con-
veyed through Copyright Clearance Center, Inc.

BOX 6-1 Continued
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the opportunity to solicit patient perspective and preferences. Additionally, 
the perspective of health professional associations representing clinical 
specialties that have expertise in the management of some of the clinical 
complications associated with SCD (e.g., chronic kidney disease, pulmo-
nary hypertension, obstructive lung disease, and stroke) was not solicited 
in the development of the guidelines (DeBaun, 2014; Thompson, 2014). 
Also, there are prevalent SCD complications that are notably missing from 
the NHLBI guidelines, such as asthma, screening for and management of 
pulmonary hypertension, and hematopoietic stem cell transplant (DeBaun, 
2014; Thompson, 2014).

In addition to the 2014 NHLBI guidelines, ASH initiated an effort in 
2016 to develop guidelines for screening, diagnosis, and management for 
�ve SCD-related areas: transfusion support; cardiopulmonary and kidney 
disease; cerebrovascular disease; pain; and stem cell transplantation. The 
Mayo Clinic Evidence-Based Practice Research Center led the systematic 
review of evidence for the ASH work. At the time of the development of this 
report, ASH had released guidelines for the screening, diagnosis, and man-
agement of SCD-related cardiopulmonary and renal complications (Liem 
et al., 2019) and transfusion support (Chou et al., 2020). Final guidelines 
are in development from ASH for cerebrovascular disease, transplantation, 
and the management of acute and chronic pain (ASH, n.d.).

National Quality Forum–Endorsed SCD-Speci�c Measures

NQF was created in 1999 in response to the report of the President’s 
Advisory Commission on Consumer Protection and Quality in the Health-
care Industry (NQF, n.d.c). The commission concluded that an organization 
like NQF should be created to improve the measurement and reporting of 
quality health care indicators. An NQF endorsement of quality measures 
signi�es a rigorous review of the science and evidence base supporting the 
measure and input from key stakeholders, including patients and families, 
to develop consensus about measures that warrant a “best in class” desig-
nation (NQF, n.d.a).

NQF-endorsed measures are used widely at the federal, state, and 
local levels for payment and reporting. Currently, the NQF has endorsed 
two measures related to SCD for measuring high-quality care for children 
(NQF, 2018):

�x	 NQF measure #2797, “Transcranial Doppler Ultrasonography 
Screening among Children with Sickle Cell Anemia: The percent-
age of children ages 2 through 15 years old with sickle cell anemia 
(Hemoglobin SS) who received at least one transcranial Doppler 
(TCD) screening within a year.”
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�x	 NQF measure #3166, “Antibiotic Prophylaxis Among Children 
with Sickle Cell Anemia: The percentage of children ages 3 months 
to 5 years old with sickle cell anemia (SCA, hemoglobin [Hb] SS) 
who were dispensed appropriate antibiotic prophylaxis for at least 
300 days within the measurement year.”

The evidence on adherence to NQF-endorsed measures in SCD care is 
not robust. The following section discusses the available information on 
adherence to these measures.

Transcranial Doppler Screening

TCD screening is a signi�cant advance in identifying and preventing 
stroke in children and adolescents with SCD. However, studies have con-
sistently demonstrated that fewer than half of all eligible patients have 
received proper TCD screening. Raphael et al. (2008) found that the aver-
age yearly TCD screening rate for eligible pediatric patients (207 in the 
evaluation) was 45 percent. Eckrich et al. (2013) found that among a 
cohort of 338 children with SCD who were publicly insured, the cumula-
tive incidence rates of annual TCD screening increased from 2.5 percent in 
1997 to 68.3 percent in 2008. While screening increased signi�cantly over 
the study period, 31 percent of children did not receive TCD screening over 
the entire study period. Reeves et al. (2016) conducted a retrospective cross-
sectional study using Medicaid claims data from 2005 to 2010 and found 
that among 4,775 children and adolescents (2–16 years old), TCD screening 
rates increased over the 6-year study period from 22 percent to 44 percent 
(p < 0.001). The authors also found that screening rates varied substan-
tially across states and that the receipt of well-child visits was associated 
with higher odds of a TCD screening. In a retrospective chart review of 
195 children ages 2–16 years who were eligible for TCD screening, Hussain 
et al. (2015) found that only 41 percent had achieved the standard of care. 
Bundy et al. (2016) conducted a retrospective cohort study of children aged 
2–5 years and found that only 25 percent of the children had received one 
or more TCD screenings during the 14-month study period. The children 
who were most likely to receive a TCD (42 percent) were those with two 
or more hematologist visits.

A lack of knowledge about TCD guidelines has been identi�ed as a 
barrier to TCD screening among some physicians. Reeves et al. (2015) 
conducted a survey of primary care, neurology, and hematology physicians 
to explore the factors that in�uence physician adherence to TCD screen-
ing guidelines for children with SCD. They found variation in the degree 
to which physicians felt well informed about screening guidelines. Of the 
276 survey respondents, more primary care physicians reported not feeling 
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well informed (66 percent) than neurologists (25 percent) and hematologists 
(6 percent). Bollinger et al. (2011) found that a lack of knowledge in care-
givers may also be a barrier that prevents children with SCD from receiving 
annual TCD screening.

Penicillin Prophylaxis

Infants and young children with SCD are susceptible to bacteremia and 
meningitis due to Streptococcus pneumonia; penicillin prophylaxis decreases 
episodes of pneumococcal bacteremia. Kanter et al. (2017) evaluated com-
mercial and Medicaid claims data for children with SCD and found that 
more than 80 percent of insured children aged 1–5 received a prescription for 
penicillin prophylaxis. However, other studies suggest that a prescription 
does not guarantee receipt of or optimal adherence to the medication, so 
the rates of adherence are much lower. For example, Beverung et al. (2014) 
conducted a retrospective cohort study using Wisconsin Medicaid claims 
data and found that only 18 percent of eligible children 5 years or older 
were adherent, as de�ned by a medication possession ratio1 of greater than 
80 percent (18.18%, 95% con�dence interval [CI] 11.31–25.05). Bundy et 
al. (2016) conducted a retrospective cohort study (using Maryland Medicaid 
claims data) of 266 children aged 2–5 years and found that 30 percent had 
consistently �lled prophylactic antibiotic prescriptions. Having more than 
two hematologist visits or generalist visits that were not for well-child care 
was associated with more consistent antibiotic prophylaxis. Finally, Reeves 
et al. (2018) evaluated Medicaid claims data from six states for children 
aged 3 months to 5 years with SCA (2005–2012) and found that only 
18 percent received at least 300 days of antibiotics. Furthermore, well-child 
visits were found to be associated with increased odds of receiving at least 
300 days of antibiotics (odds ratio [OR] 1.08, 95% CI 1.02–1.13).

These �ndings indicate that there is a need to promote adherence to 
NQF-endorsed measures. Some strategies for promoting uptake of mea-
sures are discussed later in the chapter.

Recommendations Adapted from Other Stakeholder Groups

Several other associations for health professionals have developed ev-
idence-based recommendations for managing care for adults and children 
that are relevant for the SCD population. Organizations whose recommen-
dations appear in the 2014 NHLBI guidelines include USPSTF, the Advisory 
Committee on Immunization Practices, the World Health Organization, the 

1  The medication possession ratio is calculated as follows: (sum of days supplied) / [(number 
of days from �rst encounter) – (number of days hospitalized)] (Beverung et al., 2014).
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Centers for Disease Control and Prevention (CDC), and the American Pain 
Society. The consensus-adapted recommendations for SCD care pertain pri-
marily to bene�cial preventive services and include immunizations, screen-
ing for hepatitis C virus and retinopathy, contraception use, reproductive 
counseling, and opioid use during pregnancy, as shown in Table 6-1. The 
NHLBI guidelines also included adapted consensus guidelines for chronic 
pain management. As with other recommended services, the National Acad-
emies SCD committee’s literature review identi�ed very little data on ad-
herence to recommended vaccinations and preventive services in the SCD 
population. The next section brie�y reviews the available information.

Immunizations

Pneumococcal vaccination  Individuals with SCD are at extremely high risk 
of fatal pneumococcal infection and therefore are routinely immunized with 
pneumococcal conjugate vaccine (PCV) and pneumococcal polysaccharide 
vaccine (PPSV, sometimes referred to as PPV). Neunert et al. (2016) exam-
ined retrospective medical record and claims data to identify eligible chil-
dren with SCA aged 24–36 months between January 1, 2004, and December 
31, 2008; they found that of 125 children, 73.6 percent received PPV as 
recommended. Similarly, Beverung et al. (2014) found that 77 percent of 
eligible children received PCV7,2 and 50 percent of children less than 18 
years of age received PPSV23 at least once in a 4-year period, whereas 38 
percent of adults over 18 years of age had received PPSV23 at least once in 
a 4-year period. Ter-Minassian et al. (2019) reviewed the medical records 
of all persons with SCD seen at Kaiser Permanente Mid-Atlantic States 
(KPMAS) and the Adult Sickle Cell Disease Program at Johns Hopkins 
Hospital (JHH) from January 1, 2014, to December 31, 2015, to assess 
quality of care. Among 146 KPMAS patients, 85 percent had documenta-
tion of ever receiving PCV13 or PPSV23, but only 52 percent had received 
both. Among 308 JHH patients, 87 percent had documentation of receipt 
of either PCV13 or PPSV23, but only 30 percent had both.

In�uenza vaccine  In�uenza vaccination is recommended in the United 
States for everyone 6 months and older and may be even more impor-
tant for people with SCD, for whom infections can be more serious and 
associated with additional SCD-related complications. There are several 
studies evaluating the rates of in�uenza vaccination for persons with SCD. 

2  PCV7 was the �rst pneumococcal conjugate vaccine licensed by the U.S. Food and Drug 
Administration. The pneumococcal conjugate vaccine recommended currently is PCV13, 
which offers protection against an increased number of types of pneumococcal infection. For 
more information, see https://www.cdc.gov/vaccines/vpd/pneumo/public/index.html (accessed 
December 23, 2019).
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Beverung et al. (2014) found that only 30.3 percent of children and 
11.6 percent of adults were considered adherent3 over a 5-year period. 
The percent of non-adherence (zero vaccinations per in�uenza season) 
among children was 17.5 percent and 38.2 percent in adults (Beverung 
et al., 2014). Bundy et al. (2016) conducted a retrospective cohort study 
of children aged 2–5 years and found that 41 percent received at least one 
in�uenza immunization during the study period. Children with two or more 
hematologist visits were most likely to be immunized (62 percent versus 
35 percent for children without a hematologist visit).

Ter-Minassian et al. (2019) reviewed the medical records of persons 
with SCD seen at KPMAS and JHH for adherence to seasonal in�uenza vac-
cination. They found documentation of in�uenza vaccination in 75 percent 
of KPMAS participants and 51 percent of JHH participants.

Meningococcal vaccination Ter-Minassian et al. (2019) also reviewed 
the medical records of persons with SCD seen at KPMAS and JHH to assess 
meningococcal vaccination rates. Vaccination rates were low prior to 2016, 
with only 24 percent of KPMAS and 17 percent of JHH patients having had 
documentation of meningococcal vaccination.

The little evidence available on adherence to immunization guidelines 
suggests that there is room to promote adherence to recommended immu-
nizations for individuals with SCD. At least one of the consensus-adapted 
recommendations—in�uenza vaccination—is NQF endorsed, meaning that 
it can be included in reporting and payment programs to promote account-
ability and adherence. The National Academies SCD committee was able 
to identify only limited evidence on adherence to the other strongly recom-
mended services for SCD.

PATIENT-CENTERED DIMENSIONS OF  
HIGH-QUALITY CARE

The available guidelines for management of SCD focus primarily on 
managing the disease and associated complications and thus miss other 
important dimensions of high-quality care that pertain to the impact of the 
disease on an individual’s health-related quality of life or their experience 
with the health care system, especially in care transitions for children from 
pediatric care into adult care.

3  “Adherence rate was calculated by dividing the number of in�uenza vaccines received 
by the number of eligible in�uenza seasons.… Individuals were considered adherent if their 
vaccination rate was greater or equal to 0.80 per in�uenza season.” Other categories of ad-
herence were moderate (vaccination rate of 0.05–0.79 per season) and low (vaccination rate 
of 0.01–0.49 per season) (Beverung et al., 2014).
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Health-Related Quality of Life

Health-related quality of life (HRQOL) refers to the effects of health, 
illness, and treatment on an individual’s quality of life (Ferrans et al., 2005; 
Wilson and Cleary, 1995). Seminal work on HRQOL proposed measuring 
patient outcomes in �ve areas: biological function, symptoms, functional 
status, general health perceptions, and overall quality of life (Ferrans et al., 
2005; Wilson and Cleary, 1995).

Tools for measuring HRQOL have been adapted over time to assess the 
health effects of speci�c illnesses or conditions. In 2002 stakeholders par-
ticipating in NHLBI gatherings that were focused on the treatment needs of 
individuals living with SCD identi�ed the need to document patient-reported 
outcomes (PROs) (Treadwell et al., 2014). In response to this need, efforts 
began to develop SCD-speci�c tools as part of a NHLBI-sponsored Adult 
Sickle Cell Quality of Life Measurement Information System (ASCQ-Me) 
project (Treadwell et al., 2014). ASCQ-Me was developed as a set of self-
administered items that assess the impact of SCD on adult functioning 
(Keller et al., 2017; Treadwell et al., 2014). The health domains assessed by 
the ASCQ-Me include emotional impact, pain impact, sleep impact, social 
functioning impact, stiffness impact, pain episodes, and an SCD medical his-
tory checklist (Keller et al., 2017; Treadwell et al., 2014).4 In a recent system-
atic literature review of PRO instruments used in SCD, the ASCQ-Me was 
considered to have strong content validity and internal reliability and good 
construct validity with respect to psychometric properties (Sarri et al., 2018). 
The tool was recently validated in a UK population (Cooper et al., 2019).

In addition, to assess the experiences of adults living with SCD in ac-
cessing care and the quality of care received, the ASCQ-Me Quality of Care 
(ASCQ-Me QOC) tool was developed. The tool has four domains focusing 
on access, provider communication, emergency department (ED) care, and 
ED pain treatment. Results based on the ASCQ-Me QOC indicate that 
adults with SCD report de�ciencies in ED care related to race and their 
disease condition (Evensen et al., 2016).

It should be noted that in the design of the ASCQ-Me QOC a number 
of domain questions (access and provider communication) are very similar 
to or identical to those found in the Consumer Assessments of Health Care 
Providers and Systems (CAHPS)5 surveys (Evensen et al., 2016). These 
surveys were designed to understand patient experiences with health care. 
There are a number of surveys; some surveys ask about patient’s experience 

4  For more information on the tool, see www.HealthMeasures.net/ASCQ-Me (accessed 
January 6, 2020).

5  For more information on the CAHPS surveys, see https://www.ahrq.gov/cahps/about-
cahps/cahps-program/index.html (accessed January 6, 2020).

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

DELIVERING HIGH-QUALITY SCD CARE WITH A PREPARED WORKFORCE	 261

PREPUBLICATION COPY—Uncorrected Proofs

with providers (clinician and groups), while others ask about experiences 
with care delivered in facilities (e.g., adult and child hospitals). Supple-
ments to these surveys have been developed, such as one that provides 
questions speci�c to children with chronic conditions. While a CAHPS 
survey speci�c to SCD has not been developed (e.g., parallel to the CAHPS 
Cancer Care Survey6), items from the various surveys could be helpful in 
understanding the patient experience of care for individuals with SCD.

Efforts to develop a tool to assess the HRQOL of children living with 
SCD resulted in the development of the Pediatric QOL™—Sickle Cell 
Disease Module (PedsQL™ SCD Module). The module is a self- or parent 
proxy-administered survey that assesses HRQOL in children aged 2–18 years 
(Panepinto et al., 2013). The PedsQL™ SCD Module comprises nine scales: 
(1) pain and hurt, (2) pain impact, (3) pain management and control, 
(4) worry I, (5) worry II, (6) emotions, (7) treatment, (8) communication I, 
and (9) communication II (Panepinto et al., 2013). In the systematic review 
of PRO instruments, the PedsQL™ SCD Module was found to have strong 
internal reliability, but its other psychometric properties were unclear (Sarri 
et al., 2018). The SCD module complements other non-SCD-speci�c PRO 
instruments such as the PedsQL™ 4.0 Generic Core Scales (Varni et al., 
2001) and the PedsQL™ Multidimensional Fatigue Scale (Panepinto et al., 
2014), which assess other aspects of HRQOL in children.

A number of other tools speci�c to the SCD population have been de-
veloped with a focus on pain and self-ef�cacy. With respect to pain assess-
ment, Zempsky et al. (2013) developed the Sickle Cell Disease Pain Burden 
Interview–Youth for use in youth and young adults aged 7–21 years. The 
brief tool, which consists of seven items, is administered by interview and 
inquires about days of pain and the impact of pain in the past month. 
Questions assess the impact of pain on mood, functional ability, and qual-
ity of life. The tool has strong internal reliability and good content validity, 
construct validity, and test-retest reliability (Sarri et al., 2018).

According to Edwards et al. (2001), disease self-ef�cacy refers to an 
individual’s beliefs about his or her ability to achieve a desired health 
outcome. With respect to SCD and self-ef�cacy, Clay and Telfair (2007) 
and Edwards et al. (2000) used a nine-item scale focusing on the ability 
of adults and adolescents living with SCD to engage in daily functional 
activities. They found that high levels of self-ef�cacy were related to fewer 
physical, psychological, and total SCD symptoms (Clay and Telfair, 2007; 
Edwards et al., 2000). The instrument was assessed as having strong inter-
nal reliability in the recent systematic review (Sarri et al., 2018).

6  For information on the CAHPS Cancer Care Survey, see https://www.ahrq.gov/cahps/surveys- 
guidance/cancer/index.html (accessed January 6, 2020).
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The above-cited SCD-speci�c tools provide an opportunity to develop 
a better understanding of the burden that SCD imposes on the quality of 
life of individuals living with SCD and their experiences with providers and 
health systems. HRQOL outcomes also point to areas of clinical practice 
that may need improvement, such as de�ciencies in how patients are as-
sessed and treated for pain in EDs as well as non-clinical interventions and 
strategies to better support individuals in developing self-ef�cacy, carrying 
out activities of daily living, and social functioning.

Patient Engagement in Care Through Shared Decision Making

Shared decision making (SDM) is de�ned as “a process of communi-
cation in which clinicians and patients work together to make informed 
health care decisions that align with what matters most to patients and their 
individual concerns, preferences, goals, and values” (NQF, n.d.b).7 NQF 
issued a national call to action to ensure that SDM in clinical practice is a 
standard of care for all patients (NQF, n.d.b). SDM in SCD care is critical 
but evolving.

Decisions about disease-modifying therapies for SCD often require 
patient adherence in order to be optimally effective (e.g., hydroxyurea) or 
involve signi�cant risks (bone marrow transplant, CRISPR gene editing). 
These decisions are complex and preference sensitive, and patients/families 
should be informed and involved in making them. This requires an effective 
partnership between patients and families and clinicians based on trust and 
clear communication.

Results from a study of physicians’ perceptions of patient decisional 
needs and physician’s approaches to decision making showed that physi-
cians tended to use two approaches to treatment-related decision making 
(Bakshi et al., 2017). One approach was characterized by the physician 
advocating for a speci�c treatment plan with the objective of convincing 
the patient to accept that plan. The second approach was characterized by 
the physician emphasizing the need to discuss all treatment approaches. 
Bakshi et al. (2017) found that which approach a physician used was in�u-
enced by a number of factors, including the characteristics of the patient, 
disease severity, the nature of the therapies, institutional frameworks, and 
other decision characteristics. Another study that directly observed dialogue 
about initiation of HU between patients and clinicians found that clinicians 
did not uniformly present the risks of HU and that patient concerns about 

7  For more information on NQF shared decision making, see http://www.qualityforum.
org/National_Quality_Partners_Shared_Decision_Making_Action_Team_.aspx (accessed 
January 6, 2020).
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HU were not always raised and discussed (Lee et al., 2018). A recent quali-
tative study of patients’ perspectives on the process of deciding whether to 
take HU and physician communication found that providers who involved 
patients in SDM empowered those patients to start HU treatment (Jabour 
et al., 2019). However, patients who perceived that their providers were not 
attentive to their concerns reported having disengaged from HU treatment 
(Jabour et al., 2019).

Researchers are exploring ways to develop decision aids to assist in 
SDM. Crosby and colleagues developed an HU decision aid that increased 
HU knowledge and decreased decisional con�ict (Crosby et al., 2015, 
2019). Other decision aids for transplant and non-transplant treatments 
exist for SCD (Sullivan et al., 2018). For example, Sickle Options is a 
website that provides information on treatment options, risks, and bene�ts 
and relates them to personal values.8 A Cochrane review of 105 studies on 
decision aids for a variety of clinical decisions found that when the aids are 
used, people improve their knowledge of options, feel better informed, and 
have a better understanding of what matters most to them (high-quality 
evidence) and that they probably have more accurate expectations of the 
bene�ts and harms of options and participate more in decision making 
(moderate-quality evidence) (Stacey et al., 2017). Given the paucity of re-
search in this area speci�c to SCD, there are ample research opportunities 
to examine SDM and the effectiveness of decision aids in improving patient 
knowledge and decision making in SCD care.

Pain Management

Pain management is a source of frustration for both patients and pro-
viders and an impetus for discrimination, confusion, and dissatisfaction; as 
noted by Anie et al. (2012, p. 1), “sickle cell pain assessment is a crucial 
and dif�cult task.” There are some best practices for pain control, but these 
have not been disseminated widely or implemented outside of institutions 
serving high numbers of patients with SCD. ASH is creating guidelines for 
treating SCD-related pain, but the recommendations are still in draft form 
(ASH, 2019).

There are a number of reasons that pain management for individuals 
living with SCD is dif�cult. For example, a number of researchers and health 
care professionals have noted the dif�culty in treating the pain episodes of 
individuals living with SCD because of the subjectivity associated with 
the experience of pain (Okwerekwu and Skirvin, 2018). Many providers 

8  For more information on Sickle Options, see http://sickleoptions.org/en_US (accessed 
January 6, 2020).

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

264	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

underestimate the severity of these pain episodes in spite of the fact that 
“pain management should be based on patient-reported severity,” accord-
ing to the 2014 NHLBI sickle cell management guidelines (Yawn and 
John-Sowah, 2015).

There is also a great deal of variability in the intensity, duration, and 
frequency of pain episodes, as discussed in Chapter 4 (Geller and O’Connor, 
2008). Given the challenges with de�ning, measuring, and treating pain 
episodes, it is not surprising that there is little in the quality improvement 
literature about effective pain management. Added to this is that clinician 
attitudes and race- and disease-based discrimination signi�cantly affect the 
implementation of evidence-based guidelines (e.g., administering pain medi-
cation in the ED within 30 minutes) and clinical outcomes for individuals 
living with SCD.

Pain management for individuals living with SCD must be seen in the 
context of the current opioid crisis. Sinha et al. (2019), for example, col-
lected qualitative data from 15 interview subjects about their perceptions 
of pain management from 2017 to 2018, after the 2016 CDC guidelines 
for chronic pain management were published. Interviewees reported that 
their opioid prescriptions were managed more closely by their health care 
providers and that their opioid use was monitored more closely than previ-
ously. This stigmatization of opioid use in managing SCD pain in the light 
of the opioid crisis has negatively affected the care that these individuals 
are receiving (Sinha et al., 2019).

The National Academies has published several reports that can be used 
with this current report to create an effective system of care for people 
living with SCD and SCT, including Crossing the Quality Chasm (IOM, 
2001), Unequal Treatment: Confronting Racial and Ethnic Disparities 
in Health Care (IOM, 2003), Relieving Pain in America: A Blueprint for 
Transforming Prevention, Care, Education, and Research (IOM, 2011), 
and The Role of Nonpharmacological Approaches to Pain Management 
(NASEM, 2019), and Telfer and Kaya (2017) suggest an integrated ap-
proach to treating sickle cell pain in the absence of a standard protocol.

Transition from Pediatric to Adult Care

As described in Chapter 5, adolescents and young adults who transfer 
from pediatric to adult care encounter many challenges that affect their 
care. Individuals may lack the knowledge (e.g., SCD complication his-
tory) and skills (e.g., decision making, communication) needed to take 
an active role in their care and successfully navigate the adult health care 
system (Jordan et al., 2013). Compounding the transition to adult health 
care are the many other life transitions that young adults experience (e.g., 
emotional—establishing new friendships; social—living independently; 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

DELIVERING HIGH-QUALITY SCD CARE WITH A PREPARED WORKFORCE	 265

PREPUBLICATION COPY—Uncorrected Proofs

academic—graduating from high school/college/vocational program) (de 
Montalembert and Guitton, 2014). Despite the complexity of the transi-
tion to adult care, the �eld has identi�ed several indicators of a successful 
transition for young adults living with SCD.

When I was in peds, I got amazing care. I was really encouraged to 
know like what worked for me. And then when I transition[ed] to adult, 

it was totally different. I started being accused of drug seeking just 
because I knew what dose of Dilaudid I needed in the ER.

—Teonna W. (Open Session Panelist)

Indicators of a Successful Transition

National organizations have developed position statements, guid-
ance, and white papers de�ning a high-quality transition process for youth 
with chronic conditions and individuals with SCD. One available guid-
ance, for example, is Got Transition™, discussed in Chapter 5. NHLBI 
provides guidance on adolescent health care and transitions in its report 
The Management of Sickle Cell Disease. That guidance, developed by a 
multidisciplinary group of experts, highlights transition readiness based on 
developmental age, transition discussions before transfer, the introduction 
of adult providers in the pediatric setting, and a focus on the coordination 
of care (NHLBI, 2002). In 2015, ASPHO and the Association of Pediatric 
Hematology/Oncology Nurses developed a policy statement for the transi-
tion of individuals living with sickle cell disease from pediatric to adult 
health, which identi�es the following elements as essential: transition plan-
ning, multidisciplinary transition team, transfer process, and con�rmation 
of transfer. In 2017 an expert panel from the Sickle Cell Adult Provider 
network used a modi�ed Delphi process to identify nine quality indicators 
for transition, including �ve that were identi�ed by Oyeku and Faro (2017) 
in their review of SCD quality improvement indicators for transition from 
pediatric to adult care: (1) communication between pediatric and adult 
providers, (2) time to �rst visit at the adult provider, (3) patient self-ef�cacy, 
(4) quality of life, and (5) trust with the adult provider (Oyeku and Faro, 
2017; Sobota et al., 2017).

The efforts mentioned above to provide guidance and indicators for the 
transition from adolescent to adult care share common elements, suggest-
ing agreement across the �eld and a strong foundation for the development 
of SCD transition quality indicators. Despite this agreement, transition 
metrics are not routinely collected and tracked across programs, which has 
resulted in variations in the quality of care in the United States and other 
countries (Treadwell et al., 2018). The next section brie�y reviews some 
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additional outcomes and process indicators identi�ed through the work 
of various organizations that can be measured and tracked to improve the 
quality of transitions.

Insurance coverage and access to adult providers Young adults with SCD 
may have limited access to health insurance (de Montalembert and Guit-
ton, 2014). They may lose their health insurance coverage as they move 
from their parents’ plan to their own. Enrolling and maintaining health 
insurance, particularly public health insurance, can be a challenging and 
time-consuming process, as discussed in Chapter 2. This lack of or delay 
in obtaining insurance coverage is a signi�cant obstacle in accessing care 
and may seriously affect quality and continuity of care as young adults may 
avoid regular care and become more reliant on urgent or emergency care.

Transition education and readiness assessment There is a need to assess the 
quality of transition planning and preparation, as individuals with SCD are 
generally unprepared for transition. The implementation of the transition 
core elements appears to be challenging. Okumura et al. (2008) found that 
89 percent of providers in the survey supported a systematic transition 
process, but Telfair et al. (2004a,b) found that only 67 percent reported 
integrating transition core elements in their practice.

It has been shown that young adults may have a poor understanding 
of their medical history (Williams et al., 2015). DeBaun and Telfair (2012) 
identi�ed educational milestones for the transition period to improve the 
transition process. Milestones include the adolescent having knowledge 
about his or her SCD phenotype, having the ability to articulate the most 
important components of his or her medical history, being able to manage 
pain according to a pain plan, and being aware of preventive measures for 
SCD complication, to name a few (DeBaun and Telfair, 2012). Additional 
research is needed to describe the interplay between cognition and disease 
knowledge in pediatric SCD (Hood et al., 2019). Young adults are able to 
identify speci�c health topics and barriers (e.g., mistrust, maintaining health 
insurance, employment dif�culties, and managing stress) to be addressed in 
an individualized transition program (Bemrich-Stolz et al., 2015). Despite 
high interest in learning about transition (Williams et al., 2015), young 
adults may not attend transition-speci�c activities (Sivaguru et al., 2015). 
Lebensburger et al. (2012) supports starting the transition process early to 
better meet the needs of the patients from the beginning.

Routine assessment of transition readiness is variable across the United 
States; only certain SCD clinics and centers have integrated this into usual 
care. Several tools for measuring transition readiness exist, including 
the Transition Readiness Assessment Questionnaire and the Transition 
Intervention Program—Readiness for Transition assessment (Treadwell 
et al., 2016).
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Communication/coordination of adult and pediatric providers  Inadequate 
communication between adult and pediatric providers may cause poor con-
tinuity of care (Treadwell et al., 2011), which sets the stage for recurrent 
hospitalizations, mistrust, and poorer health outcomes (Hunt and Sharma, 
2010). Interventions targeting care coordination have led to improvements 
in the transfer of care and in overall quality. Hankins et al. (2012) piloted 
a transition program that helped adolescents identify an adult medical 
home. Data indicated that the program was feasible and showed promise 
for improving the transfer process. A patient-centered medical home may 
be another approach to improving coordination of transition care. In this 
model the pediatric provider conducts regular monitoring, documents com-
plications and treatments, and communicates with an adult provider during 
and immediately after transition (Kelly et al., 2002).

Time to �rst visit with adult provider  Centers with well-established SCD 
transition programs use a registry to track eligibility, participation, and 
transfer completion. For example, the Duke University Medical Center 
conducted a retrospective chart review of individuals with SCD aged 
18–23 years to identify care gaps (e.g., time to transfer), successful transi-
tion rates (completed appointment at an adult clinic 1 year post-transition), 
and associated factors (Hill et al., 2014). The data showed that only 
one-third of patients transitioned successfully and that a care gap exists for 
18- to 20-year-olds (Hill et al., 2014). This study supports the importance 
of tracking individuals with SCD to improve the quality of care pre- and 
post-transition.

Quality of life  In the transition period, quality of life indicators such as 
Pediatric QOL and Adult Sickle Cell QOL can help identify and prioritize 
health problems, facilitate discussions between the adolescent and provid-
ers, and identify areas needing greater medical, emotional, or social support.

Patient self-ef�cacy Self-ef�cacy (the individual’s con�dence in his or 
her ability to manage SCD on a daily basis) affects transition readiness 
(Treadwell et al., 2016). A 2015 review and 2016 multisite study found 
that youth with higher self-ef�cacy were more ready for transition (Molter 
and Abrahamson, 2015; Treadwell et al., 2016). Another 2015 study 
found that adults living with SCD reported improvements in autonomy 
and self-ef�cacy after transition (Bemrich-Stolz et al., 2015). Consequently, 
many transition programs target increasing patient self-management skills 
as a way of increasing self-ef�cacy. Moreover, 50 percent of SCD clinics re-
sponding to a survey about transition services and needs reported that they 
had a written list of desirable self-management skills (Sobota et al., 2011).

To better prepare young adults with SCD for the transfer to adult care, 
there is a need to help them develop increased con�dence in their life skills. 
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In an effort to overcome neurocognitive or health literacy challenges that 
may interfere with attaining self-management skills (e.g., medication adher-
ence), some programs have begun to integrate technology (e.g., videos, apps) 
into their care. Additional research is needed to understand essential com-
ponents for increasing self-management skills and the most effective mo-
dalities (e.g., groups, in person, online, mobile apps) (Matthie et al., 2015).

PROMOTING UPTAKE OF RECOMMENDATIONS  
FOR SCD CARE

There are a number of bene�cial and effective services recommended 
for SCD care; two of these recommended services are endorsed by NQF 
as quality measures. Several other specialty organizations (ASH, ASPHO, 
American College of Emergency Physicians, AAP, American Academy of 
Family Physicians, American College of Physicians) and non-specialty orga-
nizations and governmental entities (CDC, USPSTF, NHLBI) have also de-
veloped consensus guidelines/recommendations to support quality metrics 
for the general population and SCD that should be applied consistently to 
the SCD population. In 2011 a panel of experts recommended 41 indicators 
for managing SCD care for children, including a subset of eight indicators9 
that they believe will result in considerable improvement on quality of 
life and health outcomes for children with SCD (Wang et al., 2011). The 
41 indicators covered 18 topic areas, including some of the areas identi�ed 
throughout this report as having opportunity for improvement, such as 
genetic counseling, transition to adult care, hematopoietic stem cell trans-
plant, and comprehensive planning (Wang et al., 2011). These prior efforts 
can inform future attempts to expand indicators for high-quality SCD care. 
Internationally, standards of SCD care developed by the National Health 
Service and the Sickle Cell Society in the United Kingdom are valuable 
resources for SCD care management in the United States (Public Health 
England, 2019; Sickle Cell Society, 2018).

Clinical guidelines and metrics that are supported by evidence are, 
however, not widely applied because there is a lack of systematic efforts to 
foster the development of evidence-based learnings from iterative quality 
improvement in the SCD management. As a result, the quality and outcomes 
for SCD lag behind those of other rare, inheritable, and chronic diseases, 
such as cystic �brosis, hemophilia, and juvenile idiopathic arthritis. There 
is a need to implement and measure these underused guidelines and metrics.

The two NQF-endorsed measures can be immediately measured for 
public reporting and tied to payment. For 2019 the Centers for Medicare & 

9  The eight indicators cover the following topics: timely assessment and treatment of pain 
and fever; comprehensive planning; penicillin prophylaxis; transfusion; and the transition to 
adult care (Wang et al., 2011).
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Medicaid Services (CMS) announced that it would be maintaining the cur-
rent core set of pediatric quality measures that states use for reporting the 
performance of Medicaid programs (CMS, 2018). Freed (2019) said CMS 
had “missed a historic opportunity to de�nitively address a national shame, 
the poor state of care provided to children with sickle cell disease,” because 
the Pediatric Measure Application Partnership (P-MAP) had recommended 
certain changes, such as to include the two NQF-endorsed measures in the 
core measure set. P-MAP is a multi-stakeholder panel that guides the U.S. 
Department of Health and Human Services (HHS) in selecting performance 
measurements for federal health programs.

QUALITY INDICATORS FOR SCT AND GENETIC 
COUNSELING FOR SCD AND SCT

Although SCT may be considered clinically benign, it affects nearly 
300 million individuals worldwide (Grant et al., 2011). As stated in 
Chapter 3, all U.S. newborn screening (NBS) programs are state-based, 
so there are no requirements for them to report data to a national source. 
There are also no federal standards or consensus de�nitions for reporting or 
governing NBS data (Therrell et al., 2015). In 2009, CDC hosted a meeting 
on SCT and invited key stakeholders to engage in discussions to identify 
gaps in public health, health care delivery, epidemiologic research,10 and 
community-based outreach and to develop an agenda for the future for SCT. 
The meeting deliberations culminated in recommendations for community 
awareness and education, screening practices, ethical and legal issues, pre-
vention of negative health outcomes, and epidemiological and clinical re-
search (Grant et al., 2011). The National Academies SCD committee was 
unable to �nd any data on adherence to these guidelines other than efforts 
referenced in Chapters 3 and 5 and found no studies speci�cally examining 
quality.

Many individuals with SCT are identi�ed through state NBS programs. 
Noti�cation of NBS results varies widely by state. No best practices have 
yet been established for notifying families of results that improve a family’s 
ability to inform their child about their SCT and educate them about the 
implications. Programs that inform families of NBS results in person should 
be explored (Salm et al., 2012).

There are no guidelines or best practices for genetic counseling for 
individuals with SCT during adolescence or young adulthood, yet this is 
typically the time when family planning and decisions about contracep-
tion occur. When providing genetic counseling to women about their risk 
for having a child with SCD, it is important that the correct test is used 

10  For more information on epidemiological research, see https://www.sciencedirect.com/
topics/medicine-and-dentistry/cohort-effect (accessed August 3, 2020).
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to assess hemoglobinopathy trait status. Hemoglobin electrophoresis and 
other hemoglobin quantitative separation methods are best (Naik and 
Haywood, 2015). Solubility tests, such as Sickledex and Sickle Cell Screen, 
are misleading. These tests do not distinguish SCD from SCT, nor do they 
detect the presence of other hemoglobin variants that may place a couple 
at risk for having a child with SCD, and false negatives and false positives 
are common. These tests should not be used for genetic counseling. Proto-
cols for screening children and adults for SCD or SCT should use hemo-
globin electrophoresis or other reliable hemoglobin separation methods, 
and organizations such as the National Collegiate Athletic Association and 
others should adopt this screening approach (Tubman and Field, 2015). 
Other tests such as a complete blood count may be necessary to detect beta 
thalassemia carriers, who also need genetic counseling. Quality indicators 
should be developed and tracked to ensure that appropriate tests are used, 
particularly for pregnant women (ACOG, 2017). In addition, individuals 
should be screened once in their lifetime, with con�rmatory testing when 
appropriate. Repeated testing for a genetic state is not cost effective. Meth-
ods to store informative about SCT and other hemoglobinopathy traits 
should be part of the health record, and NBS results should be stored and 
available to individuals when requested.

The National Library of Medicine developed a Newborn Screening 
Coding and Terminology Guide to standardize NBS test results (NLM, 
2018). Another effort to standardize de�nition and data collection is the 
Hemoglobinopathy Uniform Medical Language Ontology (HUMLO) 
Project (NIH, 2008). The goal of HUMLO was to create an ontology for 
researchers and federal programs. Similarly, the PhenX Project sought to 
identify consensus measures for genetics that could be used in large-scale 
genomic studies (Hamilton et al., 2011).

There are no consensus guidelines on when or how to screen (e.g., 
methods, speci�c tests) individuals living with SCT for clinical complica-
tions (see Chapter 4). This is a notable gap in the literature, particularly be-
cause there is strong evidence for some clinical complications (e.g., chronic 
kidney disease) (Naik et al., 2018b).

An NQF-like endorsement mechanism is needed for all indicators of 
high-quality SCD services across the life span, similar to what has been 
done for asthma, children from low-income families, and other groups. This 
will require developing measure sets, similar to the ones in Figure 6-2, that 
incorporate core metrics relevant for all adults and children in addition to 
core metrics speci�cally relevant for individuals with SCD and SCT.

Developing and accrediting comprehensive care centers will facilitate 
adherence to quality indicators and existing and future quality measures, 
because these centers’ accreditation and performance can be tied to provid-
ing recommended services for SCD.
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SUMMARY

The evidence supporting the guidelines for SCD care is highly variable, 
relying on expert consensus but highlighting research gaps. The evidence for 
a comprehensive, systematic approach to quality care delivery for SCD is 
lacking, and the science of quality in SCD care appears to lag behind other 
diseases in several areas:

1.	 The majority of SCD quality indicators are supported with poor-
quality evidence, often with consensus expert recommendation as 
the highest level of evidence available.

2.	 There are multiple sets of quality indicators, but none are compre-
hensive or universally accepted or applied.

3.	 There is a lack of data streams to measure adherence to quality 
indicators, requirements for centers to report their adherence to 
quality metrics, incentives to promote reporting, and public trans-
parency of reports when available.

4.	 There is neither funding nor a priority established for quality 
metrics in SCD, even in the face of poor performance of clinical 
systems. Furthermore, there has been no formal, systematic quality 
improvement of training programs.

There is no metric to support compassionate care in the health care 
system, particularly in light of the outright mistreatment of individuals 
with SCD presenting with pain—the most notable feature of SCD outside 
of death. Continued inaction over the past 18 years and a lack of required 
certi�cations has set back quality in SCD care, perpetuated mistrust of the 
health care system, and delayed the development of life-saving treatments 
and standards of care. In the absence of robust evidence from randomized 
controlled trials, the quality of health care can be improved by leveraging 

FIGURE 6-2  Core measure sets for SCD care.
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learning collaboratives across health systems to foster the consistent ap-
plication of available evidence-based guidelines and to obtain data on the 
effectiveness of consensus guidelines in improving outcomes. The disparities 
in applying available guideline-based care, the lack of care coordination 
within the delivery system and across the life span, and other structural 
de�ciencies all contribute to poor outcomes in the SCD population. De�n-
ing and measuring high-quality care is a key step to improving outcomes.

THE AVAILABILITY OF A TRAINED AND  
PREPARED WORKFORCE

The committee believes that achieving the goal of delivering high-
quality SCD health care to all will rest in part on the availability of an 
active, highly trained workforce. This section will describe the challenges 
associated with accessing such a workforce.

Multidisciplinary Teams

Treatment for people with SCD is best managed by a multidisciplinary 
team of professionals delivering comprehensive care. Traditionally, hema-
tologists coordinate the management of care and liaise with other special-
ties, as they generally have the most familiarity with the multiple SCD 
complications and presentations (Grosse et al., 2009). In addition to medi-
cal providers, the members of the comprehensive care team should include 
behavioral health providers (e.g., psychologists, neuropsychologists, and 
psychiatrists), social workers, dietitians, physiotherapists, massage thera-
pists, community health workers (CHWs), care coordinators, and school 
liaison of�cers. Furthermore, strong partnerships with community health 
services and voluntary agencies enhance the likelihood of the multidis-
ciplinary team’s success (Okpala et al., 2002). Comprehensive care has 
several bene�cial effects, such as improved QOL, reduced ED visits, and 
shorter hospital admissions (Okpala et al., 2002; Vichinsky, 1991).

The importance of social services and psychological support should 
not be underestimated. Services that may be needed include psychological 
treatment (e.g., mindfulness techniques and cognitive behavioral therapy), 
neuropsychological testing, general information and advice, disability as-
sistance, transportation, �nancial allowances, practical help in the home or 
school, and assistance with care transition. However, access to these ser-
vices is often institution dependent and further reduced in adult care. Such 
services often require specialized clinical experience and technical expertise 
and are harder to access outside of comprehensive care centers.

Although SCD is more common than cystic �brosis (CF) in the United 
States, only a minority of individuals with SCD are seen at specialized 
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centers (Smith et al., 2006). In stark contrast, there are more than 115 com-
prehensive, multidisciplinary CF care centers in the United States that are 
accredited and funded by the Cystic Fibrosis Foundation (CFF). The CFF 
also maintains a national registry of CF patients who attend accredited 
centers (CFF, 2019). Using expert panels made up of physicians and scien-
tists, it published consensus guidelines for best practices in CF care (e.g., 
guidelines for the management of infants with CF) (CFF et al., 2009; Con-
way et al., 2014). The CFF also supports quality improvement activities to 
improve medical and care process at CF centers (Godfrey and Oliver, 2014; 
Grosse et al., 2009). A comprehensive network of care that can surveil 
health outcomes, develop best practices, and monitor the quality of care 
for SCD does not exist.

Strategies recommended in the Institute of Medicine report Retool-
ing for an Aging America: Building the Healthcare Workforce (2008) to 
increase workers for the geriatric population may be applicable to SCD. 
These strategies include

�x	 Congress should allocate money in the budget to monitor the 
workforce.

�x	 Hospitals should encourage resident training across all settings.
�x	 All licensure, renewal, and maintenance of certi�cation activities 

should measure competence in areas relevant to the topic.
�x	 States and the federal government should increase minimum train-

ing standards in this topic.
�x	 Public and private payers should include �nancial incentives to 

increase the number of topic specialists in all professions.
�x	 Payers should promote and reward models of care shown to be 

effective.
�x	 Federal agencies should promote advances in technology to in-

crease the ef�ciency and safety of caregiving.
�x	 Public, private, and community organizations should provide fund-

ing and ensure that adequate training opportunities are available in 
the community for informal caregivers.

Table 6-1 presents the essential care team members (core team) required 
to provide high-quality care for individuals with SCD, the speci�c roles for 
care team members, the level of training/experience necessary, and poten-
tial barriers to an available and well-prepared workforce. The committee 
employed a variety of methods in determining team members. First, the 
committee identi�ed specialists and clinical services historically involved in 
SCD care. Next, the committee identi�ed providers and specialists essential 
for addressing the routine, acute, and subacute care needs of individuals 
with SCD, as discussed in Chapter 4. Finally, the committee considered 

http://www.nap.edu/25632
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multidisciplinary care team models from other chronic, inheritable diseases, 
such as CF (CFF, n.d.).

The SCD care team members are classi�ed as core or supplementary 
based on their level of involvement in managing the clinical and psychoso-
cial complications of SCD (see Chapter 4) or in decreasing disparities in care 
(e.g., CHWs). The committee also considered disciplines currently providing 
care that are perceived as bene�cial by clinicians or patients (e.g., �nancial 
counselors). Some members of the core team, such as hematologists and 
ED physicians, currently treat children and adults with SCD in the United 
States. However, the committee determined that primary care physicians 
(PCPs), nurses, and other advanced practice practitioners, with the right 
level of preparation, could manage the care of patients with SCD as needed. 
Second-level core team members assist with managing SCD complications 
but are designated as level 2 because they may not serve the entire SCD 
population and instead focus on individuals with a speci�c complication or 
need (e.g., a pulmonologist may work with patients with pulmonary hyper-
tension, but not all patients with SCD will have pulmonary complications). 
Ancillary team members may provide services on an ad hoc basis or may 
provide enabling services but in�uence the way that care is delivered or 
managed by addressing key social contributors (determinants) of health.

TRAINING THE NEXT GENERATION OF SCD CARE PROVIDERS

There have been some efforts by national organizations and health care 
systems to recruit and retain the SCD workforce of the future. For example, 
ASH offers a training series for hematologists and internists to guide them 
in starting an adult SCD clinic. However, additional programming and 
resources are needed to foster the development of a well-trained multi-
disciplinary SCD workforce. In addition, a lack of diversity among health 
care providers may contribute to disparities in health care service. Having 
providers who are similar to the patients in important dimensions, such 
as race, ethnicity and language, promotes effective communication and 
can improve patient–provider relationships. Diversity among faculty, staff, 
and trainees enhances creative problem solving and fosters robust decision 
making, innovation, and productivity both in the health care setting and 
the workplace in general (Alsan, 2018; Cohen et al., 2002; Forbes Insights, 
2011; Hunt et al., 2015). Thus, to identify the best and brightest, national 
organizations and the health care system should implement speci�c recruit-
ment and retention strategies that address identi�ed gaps in training and 
professional development; this is essential for achieving and maintaining 
high-quality care. The next section summarizes current efforts in workforce 
development and identi�es gaps and opportunities for training in hematol-
ogy, emergency medicine, primary care, and non-hematologic disciplines.
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Hematology11

The growing need for greater clinical and research training in benign 
hematology has long been recognized. The number of physicians entering 
the �eld is decreasing, and many are not engaged in research (Hoots et al., 
2015; Soffer and Hoots, 2018). Minorities are also under-represented in 
hematology/medical oncology, with only about 6 percent of individuals 
identifying as black/African American and about 8 percent as Hispanic 
(Santhosh and Babik, 2020). Further exacerbating the problem, hematol-
ogy/medical oncology trainees receive little early clinical exposure to non-
malignant hematology (Marshall et al., 2018).

Curriculums in combined programs of hematology/medical oncology 
have been hypothesized to contribute to a shortage of researchers in benign 
hematology (Naik et al., 2018a). Of the 134 fellowship programs in the 
United States, 132 are combined double-board programs for hematology/
medical oncology; only two institutions currently offer hematology-only 
programs (Naik et al., 2018a). Further reducing opportunities for train-
ing, the Accreditation Council for Graduate Medical Education no longer 
mandates the number of months required for nonmalignant hematology 
instruction in fellowships. Traditionally, one-third of a fellow’s time used 
to be spent in nonmalignant hematology training (Wallace et al., 2015). 
These dif�culties are mirrored outside of the United States. For example, in 
UK medical schools, rotations are offered in cardiology, surgery, and psy-
chiatry, but there is no dedicated rotation in hematology. Instead, exposure 
to hematology is largely tested as part of a syllabus focused on pathology 
(Mandan et al., 2016).

Intellectual curiosity and stimulation are a signi�cant determining fac-
tor for medical students and internal medicine residents when choosing a 
focus (Marshall et al., 2018). Hematology covers a wide breadth of topics 
that relate to both malignant and nonmalignant diseases, which makes 
hematologists important in advancing the research and treatment of many 
diseases. Third-year fellows have described benign hematology as more 
“complicated” and “overwhelming” than malignant hematology or medi-
cal oncology (Bernstein et al., 2017). Currently, there is little early clinical 
exposure to benign hematology that highlights its intellectual excitement 
(Marshall et al., 2018). Less than 6 percent of graduates plan to practice 
primarily in nonmalignant hematology (Todd et al., 2004). Importantly, 
even at programs where exposure to benign hematology is mandatory, such 
as the University of Pennsylvania, only around one out of seven or eight 
fellows is training in benign hematology (Loren, 2009).

11  See Appendix J for additional training models for hematologists.
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Additionally, there are generally fewer available mentors than in other 
specialties. A lack of or ineffective mentorship has been observed for po-
tential hematology fellows, which can contribute to dif�culty in hiring and 
retaining junior faculty, disillusionment with academia, and reduced grant 
funding (Straus et al., 2013). Fellows in hematology/oncology training 
programs have reported that mentorship opportunities tend to happen 
“randomly,” rather than individuals being able to actively seek out a re-
lationship. Additionally, there are generally more available mentors in 
oncology, which can play a decisive role in the career decision process (Wal-
lace et al., 2016). Without effective mentorship, it is dif�cult to generate 
excitement and inspire the same enthusiasm, and there are fewer network-
ing opportunities to develop other productive relationships (Sambunjak 
et al., 2010).

Medical students and fellows have a misconception that there are 
fewer jobs available in hematology than in oncology. Instead, projections 
indicate a shortage in both hematology and oncology. Overall the demand 
for hematology/oncology services is projected to grow 40 percent, whereas 
the supply may grow only 25 percent (Yang et al., 2014). In 2013, a survey 
of practice-based hematology was sent to 36 percent of ASH’s membership 
(5,081 physicians) (ASH, 2015). One-quarter of respondents indicated 
that they were considering retirement in the next 5 years (ASH, 2015; 
Tejaswini, 2015). Compounding the problem, many of these physicians 
specialize in benign hematology, and there is no pool of new fellows to 
replenish them. Patient loads are already so high that several cancer centers 
are searching for hematologists to join their faculty (Hoots et al., 2015; 
Sharma et al., 2019).

Starting salaries for hematology providers tend to be lower than other 
hematology and oncology specialties; pediatric hematologists/oncologists 
are among the 20 specialties with lowest annual earnings (approximately 
$223,000) according to the Doximity 2019 physician compensation report, 
which includes responses from 90,000 U.S. physicians (Doximity, 2019). 
Compounding this comparatively low earning rate, according to a survey of 
236 hematology-oncology fellows training at 56 participating cancer cen-
ters, 37 of them graduated with more than $100,000 in debt (Horn et al., 
2011). Higher debt levels have been shown to increase stress and in�uence 
the likelihood of considering income potential when choosing a specialty 
(Rohl�ng et al., 2014). For those seeking grant funding in hematological 
research, the outlook is no better. A National Institutes of Health (NIH) 
physician–scientist workgroup found that the number of investigators sub-
mitting and receiving NIH grants in the �eld declined by about 70 percent 
over the past 13 years (Hoots et al., 2015). Because of these challenges, 
basic science advances in hematology await translation into clinical practice 
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and the care of nonmalignant hematology patients is suffering (Sharma 
et al., 2019; Soffer and Hoots, 2018).

The Division of Blood Diseases and Resources of NHLBI collaborated 
with ASH to convene a series of two overlapping working groups in 2012 
and 2013 to identify potential strategies to address the declining clinical 
and research workforce in hematology (Hoots et al., 2015). They identi�ed 
the following strategies:

1.	 Early identi�cation of future young physician–scholars as high 
school students and undergraduates and providing summer 
internships and travel awards to conferences, particularly tar-
geting students from diverse backgrounds. Introduction to he-
matologic practice and discovery should also start early through 
the Internet, television (e.g., documentaries), and science-based 
programming.

2.	 During medical school, the introduction to hematology course 
could be moved to the �rst rather than second year of instruction 
to increase interest. Demonstrations for medical students in the 
classroom and hospital and clinic settings can illustrate the wide 
range of hematologic practice and the high impact of hematologic 
discoveries. If possible, it would also be bene�cial for medical stu-
dents to attend a comprehensive sickle cell clinic either on site or 
at af�liated institution. Supplemental training could include rota-
tion in the blood bank or attending a local blood center education 
program.

3.	 Partnerships with the pharmaceutical industry may provide teach-
ing and learning opportunities through translational and clinical 
trials.

4.	 Grant funding mechanisms are needed for early career investiga-
tors. NHLBI and the National Institute of Diabetes and Diges-
tive and Kidney Diseases have a short-term pilot program that 
funds hematologic laboratory programs for up to 6 months of 
mentored experiences for pre- and post-doctoral trainees. The 
ASH Alternative Training Pathway Grant also funds innova-
tive training experiences that combine hematology with an-
other �eld, such as pharmacology, or combined pediatric/adult 
hematology.

Easing the �nancial burden from student loans and offering �nancial 
incentives for research and treating the SCD population is another way to 
attract health care professionals to specialize in SCD care. The current fed-
eral loan repayment programs (LRPs) offered through NIH and the Health 
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Resources and Services Administration (HRSA) can be further enhanced to 
attract more providers to the SCD workforce. The National Health Service 
Corps (NHSC) LRP 

offers primary care medical, dental, and mental and behavioral health care 
providers the opportunity to have their student loans repaid, while earning 
a competitive salary, in exchange for providing health care in urban, rural, 
or tribal communities with limited access to care. (HHS, 2019)

The current program offers $30,000–$50,000 to eligible applicants, de-
pending on the health professional shortage area (HPSA) they work in, for 
2 years of full-time service; applicants also have a half-time service option. 
Similarly, medical and dental students and other allied health providers 
seeking to enter primary care careers may be eligible for NHSC scholarships 
if they commit to providing service in a designated HPSA (HHS, 2020a). 
These opportunities need to be disseminated to students and health profes-
sionals who may be interested in providing care to the SCD population 
but who have concerns regarding student loan debt. Recently in response 
to the opioid epidemic, Congress directed HRSA to establish the NHSC 
Substance Use Disorder Workforce LRP to attract a workforce to provide 
the comprehensive care needed to effectively treat substance use disorders 
(HHS, 2020b). The committee believes that due to the dire need to develop 
and sustain the SCD workforce, establishing an LRP speci�cally for the 
SCD workforce could help to achieve this goal.

NIH also offers intramural and extramural LRPs of up to $50,000 
annually for researchers in return for a commitment to conduct research 
relevant to the mission of NIH (NIH Division of Loan Repayment, n.d.). 
These programs are, however, limited (eight LRPs total) and competitive, 
which means that SCD clinicians and researchers are competing with those 
working with much larger disease populations. Considering the multitude 
of research gaps identi�ed for SCD and SCT, NIH is encouraged to expand 
these LRPs, including designating SCD as a health disparity to incentivize 
early career SCD researchers.

Emergency Medicine

Individuals with SCD often require care in the ED, which may some-
times act as a safety net for those who have no other option or no access 
to a medical home (Yusuf et al., 2010). Emergency medicine care providers 
are often suspicious of SCD patients who have frequent ED visits (Shapiro 
et al., 1997) and may view patients with high ED use as addicts and label 
them “drug-seeking.” These inaccurate beliefs can lead to some individuals 
with SCD avoiding the ED for fear of being perceived as malingering or 
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opioid dependent. Negative provider attitudes can affect redosing of pain 
medication (Glassberg et al., 2013) and result in longer wait times at the 
ED (Haywood et al., 2013) (see Chapter 5).

Glassberg (2017), an emergency medicine physician at the Mount Sinai 
Comprehensive Sickle Cell Program at the Icahn School of Medicine at 
Mount Sinai, has developed four tenets for improving ED care for patients 
with SCD (see Figure 6-3): reducing negative provider attitudes, reducing 
the time to �rst dose of analgesic medication, improving ED pain care be-
yond the �rst dose, and improving ED patient safety.

Supplemental education about SCD disease-related processes for emer-
gency providers has proved successful. Examples include a workshop led 
by six SCD experts to improve provider knowledge of common acute and 
chronic physiologic complications, pain pathophysiology, and best prac-
tices for analgesic management in the ED setting. The workshop assessed 
pre- and post-workshop knowledge and had its greatest impact on shifting 

FIGURE 6-3  Elements of improving ED experience.
NOTE: ED = emergency department; FMECA = failure mode, effects, and criticality 
analysis; IV = intravenous; NHLBI = National Heart, Lung, and Blood Institute; 
PCA = patient-controlled analgesia; PDSA = plan-do-study act; QI = quality im-
provement; SCD = sickle cell disease.
SOURCE: Glassberg, 2017. Republished with permission of the American Society 
of Hematology; permission conveyed through Copyright Clearance Center, Inc.
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the perception of ED providers regarding addiction in the SCD population 
(Tanabe et al., 2013). Similarly, a short video intervention that included 
an adult hematologist discussing challenges about seeking treatment for 
pain with SCD patients reduced provider negative attitudes (Haywood 
et al., 2011). More recently, another short online video intervention was 
delivered by e-mail to emergency providers; it included both provider and 
patient perspectives regarding the challenges in managing in ED care for 
patients with SCD pain and resulted in improved provider attitudes about 
SCD (Singh et al., 2016).

Other models to improve care in the ED include a multidisciplinary 
SCD committee, such as the program at Jefferson University Hospitals 
(JUH). Aside from internists, who provide both inpatient and outpatient 
care, this multidisciplinary team includes an outpatient sickle cell nurse, 
sickle cell social worker, psychiatrist, specialized sickle cell hematologists, 
and nurse practitioners (JUH, n.d.). The program focuses on long-term 
care for patients with SCD. Patients can attend monthly self-support group 
meetings coordinated by a JUH social worker who teaches techniques to 
reduce stress and teaches the patients about their disease and its complica-
tions. The program also offers a 24/7 observation unit (JUH, n.d.).

Improving ED Management for Individuals with SCD is another in-
novative program that warrants replication on a larger scale. The program 
has advanced the treatment of SCD-related pain in the ED, leading to more 
rapid pain relief. The multidisciplinary team of physicians, nurses, social 
workers, and individuals living with SCD works to increase awareness and 
decrease negative provider attitudes about SCD patients. The team has 
also created a user-friendly treatment algorithm to help guide ED treat-
ment (CCNC Sickle Cell Task Force, n.d.), a webpage devoted the care of 
patients with SCD in the ED that is an educational resource for providers 
(Duke University School of Medicine, 2012), and an SCD toolbox app that 
offers providers access to the latest evidence-based guidelines and access 
to an SCD specialist (Improving Sickle Cell Care in North Carolina and 
Community Care of North Carolina, n.d.). In addition, the program holds 
an annual educational conference aimed at improving knowledge and open 
communication among providers, patients, and families.

The Emergency Department of SCD Care Coalition (EDSC3) is a na-
tional forum whose goal is to improve the emergency care of patients with 
SCD in the United States. The American College of Emergency Physicians 
created the coalition in collaboration with multiple public, private, and 
professional partners. EDSC3 primarily focuses on disseminating research 
�ndings to local and national stakeholders, supporting the education of 
ED providers and patients regarding the appropriate management of SCD-
related pain and other complications, supporting advocacy and community 
outreach efforts, and supporting the development of appropriate metrics 
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to improve the emergency care of patients with SCD. EDSC3 is excel-
lent resource for training-related issues for emergency medicine providers 
working with SCD patients in the ED; it also includes links to podcasts 
with SCD experts and a blog supporting conversations regarding equity, 
fact sheets, training modules, pain consortium materials, and protocols 
(EDSC3, n.d.).

Primary Care

High-quality primary care treatment can limit preventable and costly 
interactions with the health care system. Currently, however, there are 
insuf�cient PCPs with the comprehensive knowledge and expertise to care 
for people with SCD (Mainous et al., 2015), and PCPs’ greatest challenge 
is adequate pain management (Utuama et al., 2015). Parents of children 
with SCD feel that current care from PCPs is inadequate (Raphael et al., 
2013). Additionally, when children with SCD experience more health care 
barriers (experience of marginalization), it is more challenging to receive 
high-quality care that is accessible, comprehensive, and well coordinated 
(Jacob et al., 2016).

Project Extension for Community Healthcare Outcomes (ECHO) is 
a rapidly growing national network of telementoring hubs for training 
and knowledge sharing, with the goal of improving capacity and access 
to specialty care for rural and underserved populations. SCD ECHO hubs 
are regionally based and managed by a designated regional coordinating 
center. Their virtual learning teleECHO™ programs are open to commu-
nity providers, PCPs, and SCD stakeholders in the United States and across 
the world. HRSA funds and manages this program, which is a relatively 
low-cost option that can mentor and train PCPs, offer feedback on dif-
�cult cases, and share knowledge and expertise through monthly didactics 
and clinical case presentations. The program is a proven way to increase 
knowledgeable PCPs (Shook et al., 2016). In 2020, HRSA, in collaboration 
with the Of�ce of Minority Health at HHS, launched a 6-month pilot of a 
national SCD ECHO, the Sickle Cell Disease Training and Mentoring Pro-
gram (HHS, n.d.). The program, which is targeted at primary care provid-
ers, offers a telehealth series taught by a hematologist covering topics such 
as pain management, HU, and preventive services (HHS, n.d.). Regional 
hubs have been successful in increasing PCP knowledge about SCD (Shook 
et al., 2016); the committee recommends an evaluation of the program 
at the end of the pilot to determine its effectiveness and opportunities for 
scaling.

“The Department of Health and Human Services has given grants to 
nine facilities to develop programs to improve services for patients with 
SCD” (Butter�eld, 2013). For the Johns Hopkins University School of 
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Medicine, this grant led to the development of the Improving Health Out-
comes and Medical Education for Sickle Cell Disease (iHOMES) Network. 
The iHOMES team found that 40 percent of community physicians sur-
veyed were uncomfortable with their ability to provide ambulatory care or 
manage comorbidities for SCD patients. More than half felt uncomfortable 
managing SCD pain and medications. The aims of the network are twofold 
(Butter�eld, 2013). First, it has expanded physician training by having 
internal medicine residents at JHH provide primary care to SCD patients. 
Second, it offers community providers a number of support mechanisms 
(JHM, n.d.).

Non-Hematologic Medical Providers

The complex nature of SCD creates care needs that require medical and 
allied health expertise from providers other than hematologists, emergency 
medicine providers, and PCPs (Okpala et al., 2002). Other members of the 
SCD medical treatment team include, but are not limited to, nurses and 
nurse practitioners, physician assistants, blood bank and transfusion spe-
cialists, neurologists, radiologists, dentists, ophthalmologists, OB/GYNs, 
genetic counselors, integrative medicine specialists, nephrologists, ortho-
pedists, pulmonologists, psychologists, and social workers (see Table 6-1). 
Training related to SCD-related complications varies widely, with most pro-
viders receiving little to no speci�c training (Hanik et al., 2014). There are 
currently no uniform practices or standardized protocols, which can make 
it challenging for providers to administer care. Provider racial or cultural 
biases also affect clinical care and treatment decisions (Bulgin et al., 2018) 
(see Chapter 2).

Knowledge gaps about SCD and the best standard of care contribute 
to poor communication between patients and SCD specialists (Azonobi et 
al., 2014) and to poor patient satisfaction and outcomes. The most dif�cult 
hurdle is that most providers serve very few SCD patients (Mainous et al., 
2015). Because interactions are so infrequent, providers may be somewhat 
reluctant to devote time and effort to support a rarely seen population. 
Furthermore, the unpredictable and often persistent nature of the pain and 
other complications associated with SCD pose a dif�cult challenge for pro-
viders (Utuama et al., 2015). There are no known objective measures that 
indicate the presence or severity this pain, which introduces a great deal of 
clinical uncertainty into the patient–provider relationship (Matthias et al., 
2010) (see Chapter 5).

It may be challenging for some providers to improve patient outcomes 
because they do not have a suf�cient volume of cases. In the quality lit-
erature, higher volumes generally correlate with improved outcomes. The 
exact reasons are not known, but they are suspected to follow from the 
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opportunity to develop increased provider skill, multidisciplinary teams, 
and access to specialized resources. Other �elds have overcome this barrier 
using distance learning and consultation and telementoring (e.g., TeleECHO 
for hepatitis C virus).

In addition to the challenge of prevailing health care professionals’ 
workforce shortages in the United States, which is not speci�c to the SCD 
population, most of the care team members identi�ed in Table 6-1 have 
limited or no formal training in the SCD population and so would need to 
be prepared to effectively deliver care. Yet, there are systemic challenges 
(e.g., reimbursement models) that also contribute to the workforce chal-
lenges. There are a few models that offer strategies for preparing disease-
speci�c specialists, including the HIV specialist model, conferred through 
the American Academy of HIV Medicine (AAHIVM).

AAHIVM’s HIV Specialist Model

AAHIVM convened a group of individuals who had been offering HIV 
care in order to establish standards for delivering high-quality care. Several 
types of health care providers, including physicians, nurse practitioners, 
physician assistants, and pharmacists, can receive a professional credential 
(HIV specialist, expert, or pharmacist) if they actively care for more than 
25 HIV patients (AAHIVM, 2020). The goals of the credentialing process 
are to (1) improve the quality of HIV care, (2) broaden patient access to 
quality care, and (3) expand the number of HIV-specialized medical care 
providers (AAHIVM, 2020; Sweet, n.d.). AAHIVM offers a core curricu-
lum and training program that provides basic knowledge on HIV for new 
providers and information about clinical advances and complex topics for 
experienced providers (AAHIVM, 2020; Sweet, n.d.). This credentialing 
model could be applied to health professionals who are interested in treat-
ing the SCD population.

CONCLUSIONS

Despite national efforts to improve quality in SCD care, that quality 
remains poor for most individuals in the United States. National quality 
metrics have not been developed, resulting in signi�cant variations. Some 
SCD programs track and perform well on consensus-based quality indica-
tors (e.g., transition readiness assessment); however, data suggest that the 
overall performance on the few evidence-based quality metrics identi�ed 
(e.g., penicillin, stroke prevention) is poor. This overall inadequate state of 
care hinders the advancement of comprehensive, multidisciplinary, effec-
tive, data-driven programs for individuals living with SCD and SCT. Pain 
management is also an area where there is a lack of quality measures.
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Routine preventive care is necessary for both pediatric and adult 
patients with SCD, and some routine indicators, such as developmental 
assessment in pediatrics, need to be performed more frequently due to SCD-
related complications. Quality indicators for SCD acute, subacute, and 
chronic care have been identi�ed in the literature but are not endorsed or 
tracked by any national entity. For example, NHLBI guidelines recommend 
offering HU at 9 months of age, yet uptake ranges from 14 to 28 percent for 
clinical samples. Similarly, TCD is known to detect the risk of stroke, but 
patients receive it about 23–45 percent of the time. Barriers to the imple-
mentation of evidence-based or consensus guidelines need to be quanti�ed, 
de�ned, measured, and tracked to improve the system of care.

Adolescents and young adults who transfer from pediatric to adult 
care encounter many challenges that affect their quality of care. Several 
national organizations and quality initiatives have developed transition 
metrics. Data indicate that although these individuals may be participating 
in programs to prepare them for transition, a high number do not success-
fully transfer to an adult provider. These youth also tend to use the ED 
more than other individuals with SCD, which is another indicator that the 
quality of care during this time may be inadequate. New SCD transition 
programs and initiatives using quality improvement methods to improve 
the transition process hold promise for decreasing disparities in care expe-
rienced during this time.

To develop a body of endorsed relevant quality metrics that can be ad-
equately disseminated and tracked to measure their impact, there needs to 
be an NQF-like entity that formulates, tracks, and transparently reports on 
the adherence of systems to these metrics for SCD, similar to what has been 
done for asthma, children from low-income families, and other groups. 
There should also be a parallel organization that monitors performance and 
provides guidance on mitigating poor performance, with an appropriate 
accountability that could be tied to payment/reimbursement.

Access to providers and the availability of a trained, prepared work-
force are key issues that have not been adequately addressed in SCD care. 
The lack of adult hematologists and other providers further contributes 
to variations in care. Some individuals receive treatment from multidisci-
plinary teams with experience managing SCD, while others have providers 
with limited awareness of SCD and its many complications. There are lim-
ited educational and training opportunities for providers and trainees who 
wish to specialize in SCD care. Along with the lack of diversity in the work-
force, there is a need for competency training in the sociocultural factors 
in the patient experience of care in order to improve relationships between 
patients and health care teams. This chapter identi�es the team members 
needed to provide high-quality care for all SCD patients, the team members 
needed to care for individuals who experience speci�c complications (e.g., 
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pulmonary hypertension, stroke), and training gaps and opportunities. In-
dividuals with SCD may also experience sociodemographic challenges that 
can affect their receipt of high-quality care. Ancillary team members, such 
as �nancial counselors, can help to mitigate sociodemographic barriers or 
increase resilience factors (e.g., pastoral care), thereby improving access 
to and delivery of care. Provider certi�cation models (e.g., HIV expert) 
and hub-and-spoke models, such as Project ECHO, can help to build and 
maintain a well-prepared SCD workforce.

SCT is even less well understood, and little is known about the relevant 
quality of care. There is also a need to develop national reporting guide-
lines. Instituting the best practices of SCT noti�cation and genetic counsel-
ing would vastly improve the care provided and allow for the examination 
of clinical outcomes.

Conclusion 6-1: Many of the approaches to SCD management 
lack a good evidence base, particularly to support current 
treatment strategies. The lack of evidence-based guidelines results 
in inconsistent treatment approaches across centers and providers, 
reduced access to care, and poor outcomes. Strategies are needed 
to enhance the evidence base to support the treatment of SCD.

Conclusion 6-2: The evidence for a comprehensive, systematic 
approach to the delivery of high-quality care for SCD is lacking, 
and the science of quality in SCD care lags behind other diseases in 
several areas: SCD clinical guidelines are supported with poor quality 
evidence; there are multiple sets of guidelines, but none are universally 
accepted or cover the services need for comprehensive care; adherence 
to clinical guidelines and quality indicators is not measured, reported, 
required, incentivized, or included in public transparency reports; and 
there is evidence of a lack of funding and priority for the development 
of quality metrics in SCD. There is ample evidence from other disease 
areas that can be leveraged for SCD care while research is generated 
to �ll in the gaps in the evidence base.

Conclusion 6-3: There is a need for provider- and patient-focused 
strategies to increase the uptake of guidelines and metrics for SCD 
that have a strong evidence base.

Conclusion 6-4: Optimal treatment for people with SCD is best 
managed by a multidisciplinary team of professionals delivering 
comprehensive high-quality care. Traditionally, hematologists 
have coordinated the management of care and liaised with other 
specialties. Comprehensive, high-quality care delivery for SCD 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

292	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

requires the availability and preparedness of a multidisciplinary 
team of providers—behavioral health providers (e.g., psychologists, 
neuropsychologists, and psychiatrists), social workers, dietitians, 
physiotherapists, massage therapists, community health workers, 
care coordinators, and school liaison of�cers. Substantial barriers, 
such as an aging workforce, workforce shortages, negative provider 
attitudes, and a lack of training, have contributed to a limited 
workforce for SCD care.

Recommendation 6-1: Federal agencies including the Agency for 
Healthcare Research and Quality; National Heart, Lung, and Blood 
Institute; Health Resources and Services Administration; Centers for 
Disease Control and Prevention; and U.S. Food and Drug Administra-
tion should work together with and fund researchers and professional 
associations to develop and track a series of indicators to assess the 
quality of SCD care, including the patient experience, prevention of 
disease complications, and health outcomes.

Recommendation 6-2: The Centers for Medicare & Medicaid Services 
and private payers should require the reporting of expert consensus-
driven sickle cell disease (SCD) quality measures and other metrics of 
high-quality health care for persons with SCD.

Recommendation 6-3: The U.S. Department of Health and Human 
Services should fund efforts to identify and mitigate potentially modi�-
able disparities in mortality and health outcomes. Speci�c subgroups 
to consider include young adults in transition from pediatric to adult 
care, pregnant women, and older adults.

Recommendation 6-4: The National Institutes of Health should dis-
seminate information on loan repayment opportunities to incentivize 
health care professionals interested in conducting research on sickle 
cell disease (SCD). The Health Resources and Services Administration 
should add populations with SCD as a designated population health 
professional shortage area under the National Health Service Corps 
program and create a loan repayment program for health care profes-
sionals working with SCD populations.

Recommendation 6-5: Health professional associations (American 
Society of Hematology, American College of Obstetricians and Gy-
necologists, American College of Emergency Physicians, American As-
sociation of Family Practitioners, American Academy of Pediatrics, 
American College of Physicians) and organizations for other relevant 
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health professionals such as advanced practice providers, nurses, and 
community health workers should convene an Academy of Sickle Cell 
Disease Medicine to support sickle cell providers through education, 
credentialing, networking, and advocacy.

Recommendation 6-6: Health professional associations and graduate 
and professional schools should develop early and effective mentoring 
programs to link early career health professionals with seasoned pro-
viders to generate interest in SCD care.
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We should be aggressive about pursuing the research and 
learning more and pushing ahead, because while the road 

may be murky, it’s there, and there’s reason for optimism and 
so we should just keep plugging until we get there.…

—Celia W. (Open Session Panelist)

7

Developing and Delivering the 
Next Generation of Therapies

Chapter Summary

•	� After decades of relatively little progress being made in therapeutic 
innovations for sickle cell disease (SCD), an in�ux of pipeline products 
has been introduced in recent years.

• 	� New therapies for SCD, including curative therapies, target a number of 
di�erent mechanisms, thus o�ering a wide variety of options for SCD 
patients. There is still a need for targeted SCD therapies that address 
the underlying cause of the disease.

•	� Scienti�c and medical research advances need to be coupled with 
health care delivery and payment policies to ensure universal access 
to pipeline products.

• 	� Patient-centric research approaches, which seek to engage and educate 
patients about clinical trials and therapeutic innovations, are needed 
to dispel decades of patient mistrust and misconceptions about new 
therapies.
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Over the past two decades a great deal of scienti�c and medical re-
search effort has resulted in progress toward developing new treatments—
including potential cures—of sickle cell disease (SCD), but research is 
just one aspect of making novel therapies a reality. Developing the most 
effective therapies will require input and support from the sickle cell com-
munity, including from individuals living with the disease. This input can 
help guide researchers to develop new, effective treatments that are accepted 
by the sickle cell community. Testing new treatments in clinical trials will re-
quire a different set of considerations, including strategies for encouraging 
participation in trails and determining which endpoints to use as measures 
of success. Once novel therapies are approved by the U.S. Food and Drug 
Administration (FDA), considerations such as health care delivery policies 
and reimbursement for treatment costs will be important considerations. 
In each of these steps, the SCD patients’ concerns, preferences, and well-
being should be given �rst priority.

PATIENT PERSPECTIVES

Any effort to develop a treatment or cure for SCD must start with the 
patient. Understanding the experiences and beliefs of individuals living 
with SCD, their families, and the associated community will be integral to 
developing effective treatments that target the most important outcomes to 
those stakeholders. Similarly, it is vital to understand patient perspectives 
concerning curative therapies to completely realize their bene�ts.

Although the literature in this area is lacking, researchers have identi�ed 
some pervasive perspectives and attitudes within the sickle cell community 
and reported on the impacts of these beliefs on health outcomes. Recurring 
themes from this research include a distrust of the medical profession, fear 
of the adverse effects of therapies, inadequate SCD education and aware-
ness, a minimization of the role of patients in shared decision making, and 
perceived barriers to experimental clinical studies (Bakshi et al., 2017; 
Haywood et al., 2011; Long et al., 2011; Scharff et al., 2010). SCD is also 
widely perceived to be an orphan disease that lacks suf�cient resources or 
attention—and many believe that social factors (e.g., a majority of SCD 
patients are African American) explain much of this marginalized status 
(Bulgin et al., 2018).

Bonham et al. (2007) examined the interconnectedness of race and 
disease using “SCD as a prism for understanding the historical connections 
between genetic diseases and racial diseases, and the consequences of these 
connections” and viewing SCD as a foundation for “comprehending the 
attitudes of African Americans toward genetic research” (p. 311). Social, 
political, and cultural factors combined to shape the conceptualization of 
SCD (which has been widely seen as a “black disease”) and in�uence the 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

DEVELOPING AND DELIVERING THE NEXT GENERATION OF THERAPIES 	 305

PREPUBLICATION COPY—Uncorrected Proofs

care given to individuals living with the disease. A study by Treadwell and 
colleagues (2006) documented general misconceptions about SCD among 
the African American community and also described the existence of SCD 
stigma and a lack of compassion and cultural sensitivity among those in 
the medical profession. The stigma attached to SCD, which has its roots in 
racism and racist attitudes, has detrimental consequences for patient health 
and negatively affects patient–provider relationships and care-seeking be-
haviors (Bulgin et al., 2018; Wailoo, 2017).

In a study examining the attitudes and beliefs of African Americans 
toward genetics and genetic testing, Long et al. (2011) found a lower-than-
desired uptake of SCD education but reported that collaborations involving 
trusted sources of information, such as family members, community physi-
cians and leaders, the church, and those with personal experiences, could 
help mitigate this gap. When investigating SCD patients’ perspectives on 
gene therapy, Strong et al. (2017) found a lack of awareness, fear and un-
certainty about side effects, and concerns about the HIV-derived viral vec-
tor, infertility risks, and the potential risk for cancer. Persaud et al. (2019) 
investigated the perspectives of patients, parents, and clinicians toward 
somatic genome editing and found that patients expressed being both hope-
ful and fearful about the topic and also feeling insuf�ciently informed. The 
�ndings revealed that patients were more likely to have a positive attitude 
toward gene therapy when there was better education, prior participation 
in clinical trials, and perceived bene�t. Persaud and Bonham (2018) also 
found that when patients have a trustful relationship with health provid-
ers, they are more likely to seek advice from providers and expect better 
outcomes from medical care.

Trust is a core element shaping the patient–health provider relation-
ship, and a patient’s level of trust or distrust can affect his or her attitudes 
toward therapies and health outcomes. African Americans in general 
report higher levels of distrust of the medical community than white 
Americans, and sickle cell patients report concerns about biased treat-
ment, being seen as drug seeking, and experiencing other forms of margin-
alization (Bonham et al., 2007; Strong et al., 2017; Wailoo, 2017). SCD 
patients’ trust in health teams is increased when team members are better 
able to relate to and communicate with them (Haywood et al., 2014; 
Strong et al., 2017).

A key—but often ignored—factor in�uencing SCD patient perspectives 
is how they receive information about the disease. Studies of information-
seeking behaviors among African Americans have found that they rely on 
familial sources and other trusted sources, such as their church or peers 
(i.e., others living with the disease) (Acharya et al., 2009; Long et al., 2011); 
SCD patients report that their preferred way of receiving information about 
SCD is through direct interactions with medical providers, although they 
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are also open to other sources, such as the Internet, books and pamphlets, 
and DVDs, as long as the information is clear, truthful, and preferably ac-
companied by illustrations (Omondi et al., 2013; Strong et al., 2017). The 
community also recognizes the complexities of the decision-making process 
associated with options for disease-modifying strategies and expects to be 
included in that process. When deciding whether to pursue allogenic he-
matopoietic stem cell transplantation (HSCT), for example, patients were 
primarily in�uenced by the disease burden (particularly when it reached 
a critical point), consultation with HSCT clinicians, and familial support 
(Khemani et al., 2018). In a qualitative study of clinicians who were experts 
in SCD and their attitudes toward sharing decision making with patients 
and families regarding whether to pursue disease-modifying therapies, the 
clinicians were found to take a collaborative (discussing all plans) or propo-
nent (advocating a predetermined plan) approach, depending on the disease 
severity and treatment urgency (Bakshi et al., 2017).

In summary, the sickle cell community has made it clear that certain 
factors will be key in aiding individuals with SCD to make informed deci-
sions about curative and disease-modifying therapies, as well as effective 
management strategies to ensure high-quality health care. Those factors 
include access to trusted sources of information and resources; clear and 
transparent dissemination of information from the medical community, in-
cluding results from clinical trials; an active and meaningful role in decision 
making for patients; a prioritization of patient needs; the establishment of 
partnerships between advocacy organizations and trusted providers; and 
the creation of mechanisms for building trust among providers, researchers, 
and the community (Lebensburger et al., 2103, 2015; Liem et al., 2010; 
Persaud et al., 2019). Individuals living with SCD should be empowered to 
advocate for themselves, must be better enabled to interact effectively with 
health care providers, and need an enhanced ability to navigate the health 
care system. Better education is needed not only for the SCD community 
but also for health care providers, particularly regarding patient needs, ef-
fective management, and innovative programs to ease the transition to adult 
care. Providers also need the training and means to address any implicit 
and institutional biases and other forms of systemic racism and inequities 
in health care.

In 2017 the American Society of Hematology initiated an aggressive ad-
vocacy campaign related to SCD and sickle trait, and it set research priorities 
that included developing novel therapies and strengthening curative therapies. 
In September 2018 the National Heart, Lung, and Blood Institute of the Na-
tional Institutes of Health (NIH) launched the Cure Sickle Cell Initiative to 
accelerate genetic therapies (NIH, 2018). These efforts bode well for the sickle 
cell community, as each initiative is patient-focused and committed to engaging 
patients, families, advocates, and organizations in the cause. While these new 
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developments give increased attention to curing SCD, overcoming the compli-
cated history of race and health will be challenging.

THERAPIES UNDER DEVELOPMENT

The goal of research into new treatments is to �nd more effective 
ways to prevent or ameliorate the various manifestations of SCD—and, 
ultimately, to cure it altogether. The speci�c goals of the therapies include 
preventing and treating its complications, decreasing its morbidity, mini-
mizing the numbers of crises and hospitalizations, lowering its symptom 
burden, prolonging life, improving quality of life (QOL), and, with a 
cure, eliminating SCD’s root cause. Even with an effective cure, though, 
ameliorative therapies will still be needed because those who have lived 
with the disease for years will have to address any lingering SCD-related 
health concerns.

As of December 2019, hydroxyurea (HU), L-glutamine, voxelotor, 
and crizanlizumab are disease-modifying drugs available for those with 
SCD, and HSCT is the only established non-experimental curative therapy 
(Bernaudin et al., 2007; FDA, 2019; Hsieh et al., 2009; Kutlar et al., 
2019; Strouse et al., 2008). In 2017 L-glutamine became the second drug 
approved by FDA to prevent crises in individuals 5 years of age or older 
living with SCD (FDA, 2017; Riley et al., 2018), and voxelotor and crizan-
lizumab have been approved only recently (November 2019). None of the 
available therapies represent a completely satisfactory option for people af-
fected by SCD. In particular, none of the drugs reduce the number of vaso-
occlusive episodes (VOEs) by more than 50 percent. However, building on 
decades of research, efforts are under way to develop novel pathophysi-
ology-related agents and novel genetic approaches to a cure. This section 
reviews the SCD therapies, both therapeutic and curative, that are now 
under development.

New Drugs for SCD

In 1998, when FDA approved HU to treat acute VOEs, it was the �rst 
drug speci�cally for SCD—and it would remain the only such drug for 
nearly two decades. This was not for lack of trying, however. In the early 
part of the 21st century, the sickle cell community was keenly aware of the 
need for additional or alternate disease-modifying therapies. The adoption 
of HU by providers and patients alike had been associated with a number 
of problems, including numerous side effects, the need for close monitor-
ing, the required daily long-term dosing, and concerns about long-term 
toxicity (Halsey and Roberts, 2003; McGann and Ware, 2015; Steinberg, 
2002). Furthermore, some patients experienced incomplete responses—or 
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even no response—underlining the need for additional therapies (Steinberg, 
1999; Stuart and Nagel, 2004). Nevertheless, drug development in SCD 
proceeded slowly.

Over the past two decades, however, mounting evidence from the mouse 
models of SCD, particularly the Berkley and Townes transgenic humanized 
sickle mice, has led to a more nuanced and in-depth understanding of the 
complex pathophysiology of SCD. The primacy of hemoglobin polymer-
ization and red blood cell (RBC) sickling in the phenotype has not been 
challenged, but multiple complex and interlinked downstream mechanisms 
have been identi�ed, in large part—and in some cases exclusively—based 
on preclinical evidence. Thus, compounding hemoglobin polymerization, 
cellular hyperadhesion, endothelial activation, hemolysis, hemostatic ac-
tivation, oxidant stress, sterile in�ammation, and hyperviscosity are now 
all recognized as critical determinants of the phenotype (Du et al., 2018; 
Kalpatthi and Novelli, 2018). This has led to a number of drugs that target 
speci�c aspects of the pathogenic cascade (see Figure 7-1).

These drugs, along with their novel therapeutic strategies, are typically 
classi�ed into six categories, as summarized in the table in Appendix I: anti-
sickling agents, anti-adhesion agents, anti-oxidant agents, anti-in�ammatory 
agents, anti-coagulant and anti-platelet agents, and nitric-oxide-related 
agents. All of these treatments share certain limitations: they do not address 
the genetic cause (the hemoglobin S [HbS] mutation), they each address 

FIGURE 7-1  Schematic diagram of the mechanisms of action of pathophysiology-
based new therapeutic options for treatment of SCD and sickle cell vasculopathy.
SOURCE: Matte et al., 2019.
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only certain manifestations of the disease, they do not speci�cally target the 
chronic pain, and they cannot reverse end-organ damage. Nonetheless, they 
hold promise for interrupting the pathophysiologic mechanisms in SCD 
and thus decreasing organ-speci�c complications, reducing morbidity and 
mortality, and improving QOL. More details can be found in Ballas et al. 
(2012), which provides an extensive review of SCD management based on 
the complications and notes the variation among patients and in the same 
patient over time. Other reviews discuss advances in treatment strategies 
targeting in�ammation, oxidative injury, vascular tone, hemoglobin po-
lymerization, and adhesion (Ataga and Desai, 2018; Kapoor et al., 2018; 
Steinberg and Brugnara, 2003; Telen et al., 2019).

Agents That Block HbS Polymerization

HbS polymerizes in RBCs to create �bers that reduce the �exibility of 
RBCs and lead to complications associated with sickle cell disease, so one 
approach to treating SCD is to block HbS polymerization. There are vari-
ous approaches to doing this. One is to increase fetal hemoglobin (HbF) 
production. High intracellular HbF levels prevent or reduce HbS polymer-
ization, as evidenced by individuals with congenital hereditary persistence 
of HbF co-inherited with SCD, although the protection from sickling is 
usually not complete. In addition to HU, whose role in therapy is well es-
tablished and has been con�rmed by strong evidence obtained in the United 
States (Charache et al., 1995; Steinberg et al., 2010) and throughout the 
world (Tshilolo et al., 2019; Voskaridou et al., 2010), other drugs, such as 
decitabine (Molokie et al., 2017), histone deacetylase inhibitors (Shearstone 
et al., 2016), sodium 2,2-dimethylbutyrate (Kutlar et al., 2013), and met-
formin (Han et al., 2019), have been found to boost HbF levels and are 
under investigation for SCD.

Another strategy to reduce HbS polymerization involves modulating 
the oxygen af�nity of hemoglobin. Voxelotor (GBT440), which was ap-
proved by FDA for SCD in November 2019, increases the oxygen af�nity 
of hemoglobin (Vichinsky et al., 2019). By increasing the oxygen af�nity 
of hemoglobin, voxelotor maintains hemoglobin in the oxygenated state 
and reduces polymerization and sickling (Vichinsky et al., 2019). Clinical 
trials in adults and children have shown reduced hemolysis and improved 
hemoglobin, although these changes were not accompanied by a statistically 
signi�cant reduction in VOEs (Vichinsky et al., 2019). While voxelotor does 
not appear to adversely affect oxygen delivery, according to measurements 
of erythropoietin levels in study patients, more research may be needed 
in children at a high risk of stroke, in whom cerebral oxygenation partly 
relies on increased oxygen extraction. There are also lingering concerns 
that increasing the total hemoglobin without reducing the intracellular 
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concentration of HbS may lead to hyperviscosity and its attendant compli-
cations (Estepp, 2018).

Anti-Adhesion Agents

Cellular hyperadhesion is a critical component of vaso-occlusion. In 
the proin�ammatory milieu of SCD, the endothelium and the blood cells 
overexpress activated adhesion molecules (integrins), which promote the 
binding of sickle RBCs, reticulocytes, leukocytes, and platelets to the 
endothelium and to one another. The complex network of interactions 
between cellular elements and the endothelium is amply documented in 
animal models (Sundd et al., 2019). The translational relevance of para-
digms developed from mouse research has now been validated in humans. 
Among the most promising approaches are those that target selectins. 
P-selectin, E-selectin, and several integrins mediate cellular adhesions in 
mice (reviewed in Telen, 2007). Crizanlizumab, a monoclonal antibody that 
targets P-selectins, has been tested in humans and found to prevent VOEs, 
as predicted by the evidence in mouse models. High-dose crizanlizumab re-
duced the rate of VOEs to a median of 1.63/year compared with 2.98/year 
with placebo (a 45.3 percent lower rate, p = 0.01) (Ataga et al., 2017). 
“The median time to the �rst crisis was signi�cantly longer with high-
dose crizanlizumab than with placebo (4.07 vs. 1.38 months, p = 0.001), 
as was the median time to the second crisis (10.32 versus 5.09 months, 
p = 0.02)” (Ataga et al., 2017, p. 429). Rivipansel, unlike crizanlizumab, 
is a pan-selectin inhibitor with particular activity against E-selectin 
(Chang et al., 2010). Rivipansel has shown clinical bene�t in a Phase II 
trial, where it reduced cumulative intravenous opiate requirements by 
83 percent in patients hospitalized with VOEs (Telen et al., 2015); however, 
in a major setback for the �eld, P�zer recently announced that the Phase III 
trial (RESET) did not meet the primary endpoint of time to readiness for 
discharge and the key secondary ef�cacy endpoints of time-to-discharge, 
cumulative IV opioid consumption, and time to discontinuation of IV opi-
oids (P�zer, 2019). The reason for the negative trial results may lie in either 
the inferiority of E-selectin blockade (as compared to P-selectin blockade) 
as a strategy to block VOEs or in the dif�culty of aborting a VOE once it 
has started. If the latter hypothesis is correct, preventive approaches will 
remain more successful. Crizanlizumab has been shown to lower the rate 
of VOEs in patients with SCD compared with the placebo (1.63 versus 
2.98, respectively) (Kutlar et al., 2019); FDA approved crizanlizumab for 
SCD in November 2019 (FDA, 2019). A third selectin inhibitor, sevuparin, 
which has predominant activity against L-selectin, is also under investiga-
tion (White et al., 2019). While side effects in the anti-selectin trials were 
relatively modest, heightened surveillance for hemorrhagic and infectious 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

DEVELOPING AND DELIVERING THE NEXT GENERATION OF THERAPIES 	 311

PREPUBLICATION COPY—Uncorrected Proofs

complications will be warranted in clinical use, given the role of selectins in 
hemostasis and immunity. Finally, intravenous immunoglobulins are under 
investigation for their capacity to block neutrophil adhesion to RBCs and 
the endothelium.

Anti-Oxidant Agents

Oxidant stress is the by-product of multiple disturbed pathways in 
SCD. Both reactive oxygen and nitrogen species are elevated and natural 
antioxidant mechanisms are depleted in the plasma and tissues. Enzymatic 
sources of reactive oxygen species (ROS), including xanthine oxidase 
(Aslan et al., 2001), nicotinamide adenine dinucleotide phosphate oxi-
dase (George et al., 2013), and nitric oxide (NO) synthase (Kaul et al., 
2000), are upregulated in SCD and promote oxidant damage in response 
to ischemia-reperfusion injury. RBCs’ autoxidation and platelet mitochon-
drial ROS production (Cardenes et al., 2014) are also sources of oxidant 
stress. Finally, hemolysis leads to free hemoglobin quenching NO in the 
vasculature by the Fenton reaction (Minneci et al., 2005). Restoring the 
balance of oxidants and antioxidants is a viable therapeutic strategy in SCD 
that is �nally bearing fruit. L-glutamine is an antioxidant and precursor 
of NO that was approved as the second disease-modifying drug (Niihara 
et al., 2018). While its bene�t is more modest than that obtained with HU 
(25 percent versus 50 percent reduction in VOEs), L-glutamine has a much 
more favorable side-effect pro�le (Charache et al., 1995; Niihara et al., 
2018). Omega 3 fatty acids also have antioxidant and anti-in�ammatory 
properties and have been shown to reduce VOE frequency by approxi-
mately 50 percent (Tomer et al., 2001); they are currently being investigated 
in larger, randomized studies.

Anti-In�ammatory Agents

A chronic state of sterile in�ammation is a cardinal feature of SCD. Its 
role is most evident in acute chest syndrome (ACS), where in�ammation 
triggers capillary leak and acute lung injury (Sundd et al., 2019), but the 
hallmarks of in�ammation are present at steady state, where levels of in�am-
matory cytokines, leukocytes, and other pro-in�ammatory molecules are el-
evated as compared with individuals without SCD (Schimmel et al., 2013). 
By-products of hemolysis (i.e., hemin) and ischemia-reperfusion injury are 
responsible for activating vascular cells and producing damage-associated 
molecular products and proin�ammatory cytokines (Chen et al., 2014; 
Dutra et al., 2014). Intensive research in mice has identi�ed multiple path-
ways of in�ammation, including hemin-TLR4, multiple mediators of the 
in�ammasome complex, and the nuclear factor kappa-light-chain-enhancer 
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of activated B cells (NF-�NB)1 family of transcriptional factors, leukotrienes, 
and mast cells (Belcher et al., 2014; Kaul and Hebbel, 2000). There are 
many compounds under development that target speci�c aspects of in�am-
mation. Corticosteroids could potentially target multiple pathways, but their 
role in SCD remains controversial after clinical evidence of rebound pain 
and VOE emerged following their use in severe ACS (Grif�n et al., 1994). 
Clinical trials are ongoing with efforts to modulate speci�c mediators of 
in�ammation, which could potentially lead to drugs with more limited and 
predictable side-effect pro�les. The drugs under investigation include leu-
kotriene inhibitors (e.g., zileuton and montelukast), inhibitors of mast cell 
activation (e.g., imatinib and cromolyn sodium), inhibitors of natural killer 
cells (e.g., rogadenoson and adenosine A2A receptor activators, inhibitors of 
NF-�NB (e.g., sulfasalazine), and components of the in�ammasome complex 
(e.g., canakinumab and NLRP3 inhibitors) (Field et al., 2017; Telen, 2016; 
Vincent et al., 2013).

Anti-Coagulant and Anti-Platelet Agents

Hemostatic activation is present at baseline in SCD and worsens during 
VOEs. Virtually all components of the coagulation cascade are affected in 
SCD (Ataga and Key, 2007; Ataga et al., 2008; De Franceschi et al., 2011; 
Peters et al., 1994; Setty et al., 2008; Singer and Ataga, 2008; Stuart and 
Setty, 2001; Whelihan et al., 2016). Externalization of RBC prothrombotic 
phospholipids (Franck et al., 1985), RBC and platelet microparticle shed-
ding (Allan et al., 1982; Wun et al., 1998), hemolysis-mediated platelet 
activation (Cardenes et al., 2014; Villagra et al., 2007), and the reduced 
clearance of prothrombotic cells post-splenectomy (Crary and Buchanan, 
2009) are all documented mechanisms of hemostatic activation in SCD. 
Clinical studies in large administrative databases and smaller case series 
and single-institution reports have shown a higher prevalence and incidence 
of pulmonary thrombosis and intravascular catheter-related thrombosis in 
SCD, particularly in hospitalized patients (Brunson et al., 2017, 2019; Naik 
et al., 2013, 2014; Novelli et al., 2012; Stein et al., 2006). Yet, the asso-
ciation between hemostatic activation and SCD complications is less clear. 
Theoretically, antiplatelets and anticoagulants should reduce vaso-occlusion 
by dampening hyperadhesion and platelet recruitment. However, clinical 
studies of anticoagulants and antiplatelet agents have largely been disap-
pointing (Noubouossie et al., 2016). There is ongoing research on recently 
approved drugs, including the newer direct oral anticoagulants, which are 
currently being investigated in clinical trials. It remains to be determined 

1  NF-�NB (nuclear factor kappa-light-chain-enhancer of activated B cells) is a protein complex 
that controls transcription of DNA, cytokine production, and cell survival.
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whether anti-platelet agents may be bene�cial in subsets of patients with a 
more pronounced hemostatic activation pro�le and as a part of multidrug 
interventions. For instance, in the DOVE (Determining effects Of platelet 
inhibition on Vaso-occlusive Events) clinical trial of prasugrel, an agent that 
inhibits platelet activation, a subset analysis of the pediatric study popula-
tion showed a possible bene�t in the adolescent group (12–17 years old) 
(Heeney et al., 2016).

Nitric Oxide

NO metabolism and metabolites are profoundly altered in SCD and 
central to its pathophysiology. NO therapeutics, including inhaled NO, 
L-arginine, and sildena�l (a phosphodiesterase inhibitor), have been tested 
in clinical trials. The results have been mixed, with the DeNOVO trial being 
unquestionably negative (Gladwin et al., 2011) and others inconclusive or 
terminated early due to toxicity (Walk-PHaSST) (Machado et al., 2011) or 
low enrollment (Children’s Hospital Los Angeles and Hope Pharmaceuti-
cals, 2009). Yet, NO modulation remains an attractive therapeutic strategy, 
particularly for speci�c complications or in the subset of patients with par-
ticularly brisk hemolysis. Two potential treatments under investigation are 
a topical nitrite preparation for leg ulcers and the oral soluble guanylate 
cyclase stimulator riociguat for patients with a hyperhemolysis phenotype 
(STERIO-SCD trial) (Kato, 2015). There is also preliminary evidence that 
L-arginine, a NO precursor, may reverse platelet mitochondrial ROS pro-
duction and thereby reduce platelet activation and other downstream effects 
(e.g., hyperadhesion). L-arginine reduced the frequency of VOEs in children 
(Morris et al., 2013) and is under investigation in a larger study.

De�ning a Cure

As noted above, neither the drugs already approved by FDA for use in 
SCD nor any of the drugs under development address the root cause. They 
focus instead on addressing the manifestations of the disease. Thus, much 
attention has been paid to developing a “cure” that would eliminate the 
underlying mutation and shut down the pathways that lead to the various 
manifestations. Ideally, a cure would permanently correct the mutation 
and thus eliminate the VOEs, arrest progressive organ damage, and pos-
sibly even reverse some pre-existing organ damage. However, even such a 
therapy would not completely “cure” those whose bodies have been dam-
aged by SCD; they would likely still have organ damage and experience 
chronic pain and continue to require treatments.

There are currently two basic approaches to curing SCD, one available 
now and another, seen as more promising, that is still under development. 
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The �rst is HSCT. It is the only curative therapy available, but it has short-
comings that limit its value, including dif�culties �nding suitable donors, 
the possibility of the transplant being rejected, and short-term morbidity 
and mortality risks (Gluckman et al., 2017; Hsieh et al., 2014; Thompson, 
2013; Walters, 2015). The second is the “holy grail” of gene therapy, or 
gene editing, which does not rely on donors, and circumvents the challenges 
of graft-versus-host-disease (GVHD) and the need for immunosuppression 
past transplantation (Walters, 2005). It is still in the experimental stages, 
however, and is not widely available, it has its own set of challenges, and 
it has been met with a somewhat less than enthusiastic response from the 
sickle community because of insuf�cient education and a fear of known and 
unknown risks (Persaud et al., 2019; Strong et al., 2017).

Stem Cell Transplant

Since the 1990s, stem cell transplant has offered the potential for a 
SCD cure. More than 1,000 patients, predominantly in the United States 
and Europe, have now been treated with allogeneic transplantation with 
excellent results (Gluckman et al., 2017; Hsieh et al., 2014; Walters et al., 
1996, 2001). The �nding that even modest levels of donor chimerism 
(i.e., 20 percent myeloid engraftment) result in signi�cant levels of donor 
hemoglobin that prevent HbS polymerization has led to the development of 
non-myeloablative or reduced-intensity conditioning regimens; the cumu-
lative outcomes of both remain encouraging. The outcome of transplants 
from matched siblings has been particularly impressive. The European 
Blood and Marrow Transplant, Eurocord, and the Center for International 
Blood and Marrow Transplant Research reported the results on 1,000 
recipients of human leukocyte antigen (HLA)-identical sibling transplants 
performed between 1986 and 2013 and found a 5-year event-free and 
overall survival of 91.4 percent (95% con�dence interval [CI] 89.6–93.3) 
and 92.9 percent (95% CI 91.1–94.6), respectively (Gluckman et al., 2017). 
Event-free survival was lower with increasing age at transplantation (hazard 
ratio [HR] = 1.09; p  < 0.001) and higher for transplantations performed 
after 2006 (HR = 0.95, p = 0.013) (Gluckman et al., 2017). Increasing age 
was associated with higher rates of acute and chronic GVHD (4 percent 
and 2 percent higher HR for every 1 year of age increment) and graft 
failure or death (10 percent higher HR for each year) (Gluckman et al., 
2017). The higher risk of chronic GVHD and need for fertility preservation 
may be indications for non-myeloablative conditioning in older patients 
(Bernaudin et al., 2019).

Patients who have stable donor engraftment are cured and no longer 
experience VOEs and other acute complications. However, chronic pain lin-
gers in those who were signi�cantly affected by it before the transplant, and 
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it is unclear whether and to what extent the organ damage can be reversed 
by transplantation. Stem cell transplantation has largely remained limited 
to patients with matched siblings, performed outside of clinical trials, and 
out of reach for most adults with organ dysfunction. Long-term toxicity 
and reproductive risks also remain a concern. Newer research avenues aim 
to develop safer conditioning regimens, effective GVHD prevention strate-
gies, and more widely available means of fertility preservation and expand-
ing access to those without matched siblings.

Unrelated-donor stem cell sources are actively sought to expand access 
to transplantation in SCD and other benign and malignant hematological 
conditions. While the probability of identifying fully matched donors in the 
bone marrow registry is low for African Americans (19 percent), allowing 
for a partial mismatch at one of eight HLA loci increases the likelihood of 
�nding a donor to more than 70 percent (Gragert et al., 2014). Immunologic 
mismatch leads, however, to a higher incidence of GVHD. While this may 
be a tolerable side effect in transplant recipients with hematologic malignan-
cies due to the concurrent graft-versus-leukemia effect, it is highly undesir-
able in patients with benign hematologic conditions, who do not derive any 
appreciable bene�t from it. A recent report shows that when a sibling donor 
is not available, the outcome of transplantation from different sources is 
similar. Event-free survival between recipients of transplants from haplo-
identical related donors (HR = 1.43, 95% CI 0.81–2.50; p = 0.21) or mis-
matched unrelated donors (HR = 1.17, 95% CI 0.67–2.05; p = 0.58) versus 
HLA-matched unrelated donors, or mismatched unrelated donors versus 
haplo-identical related donors (HR = 1.22, 95% CI 0.65–2.27; p = 0.98), 
was not statistically signi�cantly different (Eapen et al., 2019). Umbilical 
cord blood has been explored as a stem cell source due to its lower risk of 
inducing GVHD (Bernaudin et al., 2007), but its longer time to engraftment 
and the resulting delayed hematological and immune recovery and low graft 
cell volume have yielded high graft rejection rates (Kamani et al., 2012; 
Saraf et al., 2016). Techniques to expand the umbilical cord graft volume 
ex vivo are under development (Horwitz et al., 2014).

Side Effects and Risks

The side effects and risks of allogeneic stem cell transplant are similar 
to those observed in other diseases, but they are compounded by SCD-
speci�c factors. For instance, the toxicity of conditioning regimens and 
immunosuppressive agents after transplantation may be poorly tolerated 
by organs (e.g., kidneys or organs in the cardiovascular system) whose 
physiologic functional reserve is depleted by SCD. The immune reactivity 
of the transplant recipient is also affected by chronic transfusion regimens, 
which may result in HLA and RBC alloimmunization and alterations in 
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the bone marrow microenvironment from marrow infarction and stress 
erythropoiesis. There are recent guidelines for the screening and early rec-
ognition of complications after transplantation for hemoglobinopathies 
(Shenoy et al., 2018).

Stem cell transplant in SCD also poses unusual ethical concerns. Unlike 
hematologic malignancies, which are often rapidly lethal without curative 
transplantation, SCD is a chronic disease, and certain subgroups discussed 
in Chapter 1, such as those with HbSC, HbS/beta thalassemia, or HbSS 
with hereditary persistence of fetal hemoglobin, have life expectancies that 
may be comparable to those of unaffected African Americans (Platt et al., 
1994). In other patients, existing and developing disease-modifying strate-
gies offer the promise of long-term survival with tolerable morbidity and ac-
ceptable QOL. Thus, the side effects of stem cell transplantation need to be 
assessed in the context of the patient’s individual experience with SCD and 
projected disease course. With matched sibling transplantation, the side ef-
fects are relatively modest, and long-term, disease-free survival is the norm. 
However, as the immunological mismatch becomes more pronounced, the 
risks of severe toxicity, such as GVHD, rise dramatically, particularly in 
adults. Opportunistic infections caused by the immunosuppressive regimens 
also remain a concern but have been mitigated by non-myeloablative and 
reduced intensity conditioning regimens.

Stem cell transplant has profound psychosocial repercussions from 
pre-transplant through the post-transplant phase that must be prevented or 
managed. An assessment of the psychological well-being of the transplant 
recipient should be conducted early on, and pre-/post-transplant assess-
ments should include social workers and other mental health professions. 
It is critical to carefully address the family and socioeconomic support 
available. Caregivers’ perspectives may weigh signi�cantly in decisions 
and should be solicited (Khemani et al., 2018). Thus, a shared decision-
making model that includes that patient’s support system should be adopted 
throughout the process of informed consent and the treatment and follow-
up period. Potential barriers to adherence to anti-rejection regimens should 
be addressed. It is unrealistic to expect that most patients on long-term 
opiates will be able to transition to non-opiate analgesia in the immediate 
post-transplant period. First, certain painful complications, such as avas-
cular necrosis, are not reversible, nor is neuropathic pain. Second, central 
sensitization and the interplay among decreased executive function, mood 
disorders, and pain are also expected to have long-term repercussions. 
Thus, opiate therapy before transplant should be streamlined, and an ef-
fort should be made to ease transition by exploring non-pharmacological 
analgesic strategies, optimizing mental health, and addressing spiritual and 
existential concerns in advance. Even when stem cell transplant is relatively 
uneventful and a cure is attained, there should be ongoing attention to the 
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psychological needs of the recipients. As a chronic, lifelong, life-threatening 
illness, SCD shapes self-identity and psychological ownership. In other 
words, it may become part of the patient’s “identity” (Karnilowicz, 2011), 
which can then be questioned or threatened by a cure.

Implications for Fertility and Other Reproductive Issues

Gonadotoxic conditioning regimens with busulfan, other myeloab-
lative drugs (e.g., cyclophosphamide), and radiation affect fertility and 
carry a risk of ovarian failure (prevalence of 65–84 percent) (Joshi et al., 
2014; Loren et al., 2011), particularly in post-pubertal individuals. Further
more, transfusional hemosiderosis arising from repeated transfusions in 
the pre-transplantation period also predisposes to endocrinopathy and 
reduced fertility. Thus, fertility preservation should be discussed up front 
and offered by means of ovarian and testicular tissue cryopreservation 
whenever possible and as recommended by the Practice Committee of 
the American Society for Reproductive Medicine 2013 guidelines (ASRM, 
2013), with the caveat that it may not be covered by health insurers outside 
of a clinical trial. In European countries where the procedure is at no cost 
to the patient, such preservation is performed systematically in all SCD 
transplant patients (Bernaudin et al., 2019). However, both laparoscopic 
unilateral oophorectomy and testicular tissue explant are invasive and 
require general anesthesia, which predisposes patients to vaso-occlusive 
complications in the postoperative period. Thus, adequate precautions to 
minimize post-procedure complications should be enacted. For settings 
where pre-transplantation sperm and ovarian cryopreservation are unavail-
able or unaffordable, fertility-preserving conditioning regimens are being 
developed, and gonadal shielding during irradiation is an option.

Another reproductive concern related to stem cell transplant is the need 
for subsequent hormonal therapy to develop secondary sexual characteris-
tics in prepubertal children, particularly girls (Dallas et al., 2013; Walters 
et al., 2000). It is important to frame the discussion of the reproductive 
risks of stem cell transplantation (Xue et al., 2019) within the broader 
context of the risks deriving from untreated SCD, which is known to affect 
sexual maturation and fertility, and alternative treatments that may also 
affect fertility, such as HU (Joseph et al., 2019; Pecker et al., 2019).

Expanding Access to Non-Matched Donors and Others

Access to stem cell transplant continues to be very limited. Only 14 
percent of individuals with SCD will have an HLA-matched sibling donor 
(Walters, 2015). Similarly, only 19 percent will have a well-matched unrelated 
donor, far lower than the 75 percent likelihood for Caucasian patients 
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(Walters, 2015). In contrast, it is estimated that more than 50 percent of 
patients will have a haplo-identical donor. Haplo-identical transplant for 
nonmalignant diseases has expanded exponentially over the past few years 
thanks to new conditioning strategies, such as the addition of thyotepa to the 
preparative regimen (de la Fuente et al., 2019), graft preparation by T-cell 
depletion and CD34+ selection to reduce GVHD, and post-transplant 
cyclophosphamide to modulated alloreactivity (Brodsky et al., 2008). While 
a relatively small number of patients with SCD have received a haplo-
identical graft, the results have been encouraging. The rates of GVHD and 
graft rejection are lower than initially predicted (although long-term follow-
up data are not yet available), and the majority of patients have experienced 
resolution of their anemia and other SCD-related complications (Cairo et 
al., 2019). Several clinical trials of haplo-identical transplantation with 
improved conditioning regimens or posttransplant immunosuppression are 
under way (Limerick and Fitzburgh, 2019; Tanhehco and Bhatia, 2019).

Long-Term Outcomes

Studies of the long-term outcomes after transplantation have explored 
the potential to stop disease progression or reverse the most severe com-
plications. There is emerging evidence that both neurological and cardio-
vascular complications may either remain stable or improve. Secondary 
strokes have not occurred after transplantation (Bernaudin et al., 2007; 
Walters et al., 2010), and overall cerebral vasculopathy, including silent 
cerebral infarcts and lacunar infarcts, has remained stable, as recorded by 
magnetic resonance imaging (MRI) (Green et al., 2017), except in those 
patients with the highest cerebrovascular disease burden (Dallas et al., 
2013). Transplant-related neurological toxicity, such as posterior reversible 
leukoencephalopathy syndrome, may sometimes complicate the assessment 
of neurological outcomes after transplantation.

Pulmonary hypertension is a major risk factor for early mortality, with 
a tricuspid regurgitant jet velocity > 2.5 m/s conferring a relative risk (RR) 
of 10 for mortality (Gladwin et al., 2004). After transplantation, tricuspid 
regurgitant jet velocity improved from 2.84 m/s (95% CI 2.71–2.99) before 
HSCT to 2.33 (95% CI 2.14–2.51) over 3 years in adults (Hsieh et al., 
2014). Pulmonary function tests also showed stable de�cits or improved 
biomarkers (Gilman et al., 2017; Walters et al., 2010).

A major caveat concerning studies of long-term transplant outcomes 
is that a control group receiving best supportive care, transfusions, or HU 
has not generally been available for comparison.
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Research Gap: Outcomes for Pediatric Patients Versus Adults

The optimal timing of transplantation in children with an identical 
HLA-matched sibling remains unknown, but mounting research evidence 
suggests that outcomes are superior in patients younger than 10 years old. 
There is also a strong rationale to carry out transplants in patients before 
complications and irreversible organ damage have occurred. In both chil-
dren and adults, common indications for transplantation have included a 
severe phenotype despite HU or transfusion therapy or any severe complica-
tion, such as pulmonary hypertension or progressive cerebral vasculopathy 
(Kassim and Sharma, 2017; Walters et al., 1996). Yet criteria to recommend 
transplantation mostly rest on expert opinion, without any validated tools 
to determine optimal timing or suitability. Biomarkers to predict disease 
course, major outcomes, and mortality are still needed (Kalpatthi and 
Novelli, 2018).

Research is needed on patients’ QOL after transplant, particularly in 
adults; extensive studies documenting QOL pre- and post-transplant are 
not yet available. Algorithms and decision trees based on biomarkers of 
disease severity are also not available and are urgently needed for use in 
selecting candidates for transplantation. Ideally, transplantation should 
be prioritized in those patients with a severe phenotype despite disease-
modifying therapies but whose organ function remains adequate to with-
stand the physiologic demands of the procedure. Decisions concerning 
transplantation opportunity and timing will become even more complex 
once the new biological therapies under development become available. 
A future is foreseeable where multiple medications used sequentially or in 
combination may signi�cantly mitigate the phenotype to the point that stem 
cell transplantation offers no added value. Funding for biomarker develop-
ment is imperative for generating the information needed to navigate these 
complex scenarios.

Another important area of research concerns whether transplantation 
can reverse speci�c complications. In particular, it will be important to 
ascertain whether the progressive deterioration in neurocognitive function 
in SCD can be slowed or reversed.

Research on chronic pain and its effects on mood in SCD is urgently 
needed and will be important in dissecting the multifaceted pain that pa-
tients often continue to experience after transplantation. In general, research 
on the psychological impact of transplantation will be needed, particularly 
in the arena of self-identity and perceptions of the self in relation to others.

Finally, more studies are needed to analyze the patients’ and caregivers’ 
perspectives on important factors that affect decision making in transplan-
tation (Khemani et al., 2018).
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Gene Therapy

Gene therapy was an unattainable goal for SCD until the past decade. 
However, successes with immunode�ciency and hemophilia have spurred in-
terest in gene therapy approaches for hemoglobinopathies. Since the 1990s, 
the use of viral vectors has allowed ex vivo gene therapy (via the insertion 
of genes into autologous hematopoietic stem cells). Most recently, the 
development of clustered regularly interspaced short palindromic repeats 
(CRISPR)/CRISPR-associated protein 9 (Cas9) technology has offered the 
promise of a cure (Jinek et al., 2012). Both approaches are preferable to 
stem cell transplant because they overcome the problem of a lack of suitable 
donors and also the risk of transplant-related complications, such as GVHD 
and opportunistic infections from prolonged immunosuppression. The prin-
cipal methods of gene therapy under development are (1) the addition of 
β-globin or βT87Q-globin to produce hemoglobin (HbA) or �J-globin to 
enhance HbF levels, (2) HbF induction by editing of globin regulatory ele-
ments or knockdown of HbF repressors, and (3) direct gene correction of 
the SCD mutation with programmable nucleases (Demirci et al., 2019).

Gene Replacement

The introduction of replication-defective, HIV-1-based lentiviral vec-
tors (LVs) has overcome many of the limitations of older gammaretrovi-
ral vectors, including the inability to transduce quiescent hematopoietic 
stem cells and to carry large gene constructs, such as β-globin and its 
regulatory elements. Genetic transfer of an anti-sickling β-globin LV into 
hematopoietic stem cells followed by myeloablative transplant cured one 
child (Ribeil et al., 2017), but it was not successful in seven subsequent 
adult SCA patients, which led to modifying the intensity of the condition-
ing regimen and improving the stem cell dose and gene transfer protocol 
(Kanter, 2017). Promising preliminary reports have been presented at the 
American Society of Hematology annual meeting in 2018, in 2019 at the 
American Society of Gene and Cell Therapy meeting, and at European 
Hematology Association meetings. One study is a Phase I/II trial of modi-
�ed gamma globin LV-based gene therapy in two adults with SCD after a 
reduced-intensity conditioning regimen. In this trial, the expression of a 
modi�ed HbF (HbF G16D) was shown to be 20 percent for the �rst patient 
1 year post-transplant, with a similar trajectory for the second patient, who 
was still in the early phase of post-transplant at the time of result publica-
tion; these results were associated with a reduction in acute pain episodes 
(Malik et al., 2018). Another study, a Phase I trial of lentiviral-based gene 
transduction of a β-globin with an anti-sickling substitution (T87Q) into 
bone marrow harvested or plerixafor-mobilized stem cells in 15 patients 
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(Tisdale et al., 2018) showed more robust production of HbAT87Q 
(Kanter et al., 2019; Mpara et al., 2019). In four patients with more than 
6 months follow-up, HbA T87Q was 47–60 percent of total hemoglobin, 
almost equaling or exceeding HbS levels (Kanter et al., 2019), and it was 
accompanied by an improvement in the SCD phenotype. Based on up to 
3 years of follow-up, insertional mutagenesis and oncogenesis, also major 
concerns with gammaretroviral vectors, have not materialized in patients 
with thalassemia or SCD treated with lentiviral-based gene therapy, but 
longer follow-up is required.

Given the variability of results with the ongoing gene therapy approaches, 
stopping points for trials need to be de�ned to prevent the possibility that 
noncurative studies (where the gene product is not likely to be expressed to 
a level necessary to achieve a cure) are misclassi�ed as curative.

Gene Editing

CRISPR/Cas9 has revolutionized gene editing by providing an ef�cient, 
easy-to-design, approach that is less costly than those that rely on nucle-
ases. Gene-editing strategies aim at suppressing HbS polymerization via the 
following major mechanisms: (1) inducing HbF by inhibiting the binding 
of transcriptional repressors BAF chromatin remodeling complex subunit 
BCL11A (BCL11A) and leukemia/lymphoma-related factor (LRF) or tar-
geting transcriptional regulators of HbF, (2) correcting the HbS mutation, 
or (3) inserting an anti-sickling beta-globin cDNA (betaAS3). Approaches 
are being developed to target hematopoietic stem cells and inducible plu-
ripotent stem cells. Concerns exist about the potential immunogenicity 
of guide RNAs or Cas9 and the ef�ciency and speci�city of editing. The 
most advanced gene editing approach involves deleting BCL11A; it is part 
of an ongoing Phase I/II clinical trial by CRISPR Therapeutics and Vertex 
Pharmaceuticals. In October 2019, CRISPR appeared to be successful in 
restoring the functional bone marrow cells in the �rst patient with SCD to 
undergo this gene editing technique (Stein, 2019).

Ethical Issues and Other Considerations

Gene therapy shares some of the concerns surrounding stem cell trans-
plantation because it requires a conditioning regimen, with the attendant 
risks of infertility and secondary malignancies, particularly when myeloab-
lative regimens are employed, as in ongoing gene therapy approaches. In 
gene therapy, as in allogeneic transplantation, there are also uncertainties as 
to the optimal source of stem cells. Mobilizing autologous peripheral blood 
stem cells in patients with SCD is now feasible thanks to plerixafor, a mol-
ecule that releases stem cells from their marrow niches into the circulation 
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and, unlike �lgrastim, does not appear to cause side effects (Boulad et al., 
2018; Esrick et al., 2018; Hsieh and Tisdale, 2018; Lagresle-Peyrou et 
al., 2018). It remains to be determined whether peripheral blood or bone 
marrow is the optimal source of autologous stem cells for gene transfer 
or editing. Maximizing the stem cell yield is critical, because many gene 
transfer approaches require culturing stem cells ex vivo, which may lead 
to a loss of repopulating potential and ultimately an inadequate number of 
cells harboring the transgene for reinfusion.

A well-publicized ethical concern surrounding all gene therapy ap-
proaches is their potential to be adapted to germ line editing (in human 
embryos). NIH and many regulatory agencies throughout the world do 
not support this application of the technologies (Evitt et al., 2015). There 
are additional ethical considerations about safety, particularly surrounding 
immunogenicity in CRISPR/Cas9 and the lingering concerns about muta-
genesis, given the relatively short duration of the follow-up of the treated 
patients to date. When devising therapies for a disease that is disproportion-
ally common in low- to middle-income areas of the world, it also behooves 
investigators and policy makers to promote widely applicable approaches 
that do not rely on highly specialized infrastructure and expertise. Thus, 
approaches should also be developed that target stem cells in vivo, which 
is a less challenging procedure.

Finally, similar to the situation with stem cell transplantation, the SCD 
community has lower risk tolerance for gene therapy due to the availability 
of effective alternative therapies and the absence of long-term outcomes 
data for most patients. Thus, it is paramount that gene therapy trials receive 
the appropriate oversight by both an FDA-appointed and a non-FDA panel 
of experts. There also needs to be greater assurance for postmarket evalua-
tion and controlled use (i.e., in rare diseases, such as SCD, widespread use 
of novel disease modi�ers by providers not familiar with the disease can 
lead to dangerous and devastating outcomes). The analysis of long-term 
data and expert guided therapy will be crucial.

The technical limitations of current gene therapy approaches need to be 
underscored. First, all current strategies involve ex vivo gene transduction 
or editing, which involve the ex vivo manipulation of stem cells, with their 
potential loss of repopulating potential, and myeloablative chemotherapy to 
accommodate the auto transplant. Ideally, both problems will be overcome 
by in vivo gene therapy approaches, where the viral vector will be directly 
injected into the patient, as it is in techniques that are under investigation 
for hemophilia (Nienhuis et al., 2017). Second, it is important to note that 
gene therapy does not necessarily equate to a cure (i.e., the permanent and 
complete suppression of HbS polymerization and its attendant complica-
tions) and should not be labeled and presented as such to the patients and 
other stakeholders. Based on the preliminary results of the ongoing gene 
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therapy trials, it is unlikely that any of the current gene therapy approaches 
will result in a cure, although it is hoped that progressive technical advances 
will eventually achieve a cure in the next decades.

Family Privacy Concerns

Any procedure that accesses DNA poses ethical concerns—related 
to privacy, con�dentiality, subsequent use, and disclosure to signi�cant 
others—that have legal and societal repercussions (NASEM, 2017a).

CLINICAL TRIALS AND THE DRUG APPROVAL PROCESS

The �nal step in the drug development process is the clinical trials neces-
sary to receive approval from FDA to make the drug widely available, and 
the drugs in development can face some special challenges arising from SCD 
characteristics and affected individuals’ circumstances. One set of challenges 
is related to the African American community’s experiences with the U.S. 
health care system and the resulting lack of trust that many members have 
for doctors and the entire health care system. A second set of challenges 
stems from the multiplicity and complexity of SCD symptoms, which makes 
it dif�cult to determine the best way to measure a treatment’s ef�cacy.

Patient Mistrust and Lack of Awareness

Clinical trials require an awareness of the existence of the trials and the 
willing participation of individuals with the disease, which in turn requires 
a certain level of trust among those individuals. Addressing these issues will 
help smooth the way for successful clinical trials of the SCD treatments now 
in development. Because individuals of African descent are signi�cantly more 
likely to have the SCD mutation than people whose ancestors come from 
other parts of the world, U.S. clinical trials of SCD drugs will inevitably 
require large percentages of African Americans among the trial participants, 
but African Americans have many reasons to distrust the health care system.

First, the history of human experimentation in the United States has been 
marked by racism and inequality, as epitomized by the infamous U.S. Public 
Health Service Syphilis Study (CDC, 2015). Furthermore, many African 
Americans have experienced institutionalized racism in health care and the 
research community. Patients with SCD, speci�cally, have suffered from 
the stigma of an inherited disease that causes intractable pain (Blake et al., 
2018; Bulgin et al., 2018); because that pain is almost never “objectively” 
documented, legitimate requests for opiates have often been misconstrued 
as “drug seeking” behavior, particularly in emergency departments (EDs) 
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(Shapiro et al., 1997). These misperceptions among health care providers 
of addiction and abuse are now being compounded by a regulatory and 
institutional environment that curtails opiate prescribing to control the U.S. 
opiate crisis (NASEM, 2017b), with SCD patients at risk of experiencing 
unintended effects in this climate. Regular misunderstandings between SCD 
patients and health care providers over pain control have often generated 
mutual mistrust (Puri, 2015). None of this is conducive to a successful 
partnership between patients and providers to test novel SCD treatments.

Compounding the issue of mistrust, decreased access to care among 
African Americans and a lack of clinicians specializing in caring for patients 
with SCD have resulted in a lack of awareness of new therapies and clinical 
trials among SCD patients. In response, the American Society of Hematol-
ogy has recently developed several initiatives to increase access to care, 
educate providers across the nation, and bolster research infrastructure, 
including developing a clinical trial network (Michaelis, 2019).

Social media is emerging as a powerful tool with which to disseminate 
health care information and help shape opinions. For instance, two Face-
book groups, the Sickle Cell Warriors and Sickle Cell Unite, boast thou-
sands of users and have become important resources for the community 
through the information and support they provide to members and users. 
The discussions in these groups can also provide insight into perceptions 
among stakeholders, such as their opinions on the ef�cacy of HU. One 
published analysis of common themes among Facebook group members 
reported that some patients and caregivers perceived HU as masking symp-
toms (e.g., by arti�cially improving blood counts), thereby making it more 
dif�cult for patients to receive necessary acute care for pain, while others 
thought of HU as a “cancer drug” (its original approved use); both percep-
tions likely make patients less willing to take the drug (Walker et al., 2019). 
One implication of this research is that social media could be leveraged by 
health care providers to advance sickle cell research agendas and dispel 
misconceptions about clinical trials.

Clinical Evidence for Approval

Clinical trials require an objective way to measure the outcomes 
achieved with the tested therapy and compare those outcomes with those 
that were achieved with other therapies or no therapy. However, this is not 
always a straightforward process for SCD.

Determining Which Endpoints to Use

A key question that must be answered before running a clinical trial is 
which endpoints will be used to judge the outcome. With SCD, however, 
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developing biomarkers to use as endpoints in research or in the clinic has 
been hampered by the complexity of the phenotype, which is determined 
by a myriad of genetic and epigenetic factors and a complex pathogenetic 
mechanism (Kalpatthi and Novelli, 2018). For example, even though VOEs 
are extremely disabling and the most common cause of hospitalization in 
SCD, self-reported pain scores remain the only indicator in humans despite 
the fact that mouse models of SCD have allowed intravital imaging and 
characterization of the molecular events that lead to SCD (Sundd et al., 
2019). This is a major limitation because self-reported pain is highly sub-
jective and a notoriously poor biomarker. Indeed, both drug development 
and clinical care are hampered by the absence of objective, quanti�able 
biomarkers of SCD (Kalpatthi and Novelli, 2018).

Thus, it would be extremely valuable to develop new markers of acute 
pain for both clinical research and clinical care. Objective biomarkers 
would help validate self-reports and reduce mutual mistrust between pa-
tients and health care providers. In addition, there is a need for patient-
centered, technology-based approaches that can capture distinctive changes 
in pain intensity and quality, such as the use of abstract animations, which 
have been shown to be less affected by age, literacy level, or language than 
visual analog score scales (Jonassaint et al., 2018a,b).

Patients are also af�icted by chronic pain. In the Pain in Sickle Cell 
Epidemiology Study (PiCES), pain occurred daily in approximately half 
of study participants (McClish et al., 2017). Chronic pain is not typically 
included as an outcome in clinical research, yet it profoundly affects QOL. 
Thus, the development of a biomarker for chronic pain would be useful. 
Novel biomarkers under investigation include those based on brain imaging 
with functional MRI (Kara�n et al., 2019).

SCD severity scores (Burke et al., 2016) and composite biomarker sig-
natures (Du et al., 2018) are now being developed to address the limitations 
of existing VOE-based biomarkers.

To develop other endpoints for clinical research, investigators should 
focus on identifying biomarkers of speci�c pathogenic processes. The expe-
rience gained in the senicapoc trial indicates that hemolysis alone is not an 
adequate biomarker of ef�cacy for investigational drugs (Ataga et al., 2011). 
However, biomarkers that measure hyperadhesion, oxidant stress, or hemo-
static activation could be employed to predict and measure response to drugs 
that speci�cally target those pathways (Kalpatthi and Novelli, 2018). In an 
effort to inform the �eld, the American Society of Hematology partnered with 
FDA to conduct work to identify clinical trial endpoints. The work, which 
was informed by seven panels of clinicians, researchers, and patients, resulted 
in the publication of two consensus recommendations on (1) endpoints for 
patient-reported outcomes, pain, and the brain and (2) endpoints for renal 
and cardiopulmonary, cure, and low-resource settings (Farrell et al., 2019).
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Outcome Measures in SCD

There is an ongoing debate on clinically relevant endpoints for SCD re-
search. The consensus is that the endpoints traditionally used in SCD clini-
cal trials are limited and poorly represent the heterogeneity of the disease. 
Well-characterized biomarkers and relevant surrogate endpoints are scarce. 
While the validity of transcranial Doppler velocity to assess stroke risk 
and cerebral vasculopathy (Adams, 2007) and of tricuspid regurgitant jet 
velocity to assess mortality risk are undisputed, most other complications 
lack adequate biomarkers (Gladwin et al., 2004). VOE represents the most 
blatant example of a complication that has posed signi�cant challenges for 
clinical trial design. Most studies have employed the duration and severity 
of VOE as clinical endpoints, yet both are dif�cult to operationalize.

One strategy to develop more valuable outcome measures has been to 
invest in developing tools for patient-reported outcomes (PROs). In particu-
lar, QOL measures and PROs that capture certain complications have not 
been adequately incorporated in clinical research. For instance, PRO instru-
ments that include cognition, depressive symptoms, and sexual dysfunction 
and sleep disturbances have been lacking and are sorely needed. Other areas 
of development include measures that can be applied to younger and older 
populations and measures that capture the totality of acute and chronic 
pain. Examples of recommended PROs include the Brief Pain Inventory, 
the ASCQ-Me, and the ASCQ-Me Quality of Care.2

HEALTH CARE DELIVERY POLICY

Once a new therapy has been developed, it must be provided to pa-
tients, which raises the next question: the most effective approaches for 
delivery. This is particularly important for new curative therapies, as these 
will typically involve different treatment regimens—a one-time treatment, 
for example, rather than daily dosing—and will likely be signi�cantly more 
expensive than therapeutic drugs.

Implications of Curative Therapy for Delivery System Innovation

Because traditional fee-for-service models of reimbursement provide 
little direct incentive for physicians to maximize quality or avoid wasteful 
spending, several recent reforms have attempted to strengthen physician 
incentives for quality and ef�ciency. Such reforms remain nascent in the 

2  For more information on the tools, see http://www.ascq-me.org (accessed July 6, 2020) 
and https://www.mdanderson.org/documents/Departments-and-Divisions/Symptom-Research/
BPI_UserGuide.pdf (accessed July 6, 2020).
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SCD context, however. High-cost curative therapy may also pose unique 
challenges that could further sti�e such delivery system reform innovations 
in SCD. This section considers these issues and potential solutions.

Patient-centered medical homes (PCMHs) are provider-centered care 
delivery models that encourage care coordination (AHRQ, n.d.), and they 
show promise for SCD care. Under this model, care is accessible, con-
tinuous, comprehensive, family-centered, coordinated, compassionate, and 
culturally effective (AAP, 2002; Raphael et al., 2013). Typically, care is 
coordinated by a personal physician or a provider in the community. Some 
evidence suggests that PCMHs improve outcomes for SCD patients. A study 
of 150 children in a large children’s hospital found that SCD children receiv-
ing PCMH had half the rate of ED visits (incident rate ratio [IRR] = 0.51, 
95% CI 0.33–0.78) and just more than half the rate of hospitalizations 
(IRR = 0.56, 95% CI 0.33–0.93) compared with children not receiving 
such care (Raphael et al., 2013). The study found that the comprehensive 
care component of the PCMH was the one that signi�cantly reduced ED 
visits and hospitalizations. This suggests that PCMH may hold promise as a 
delivery system reform. Caution is nonetheless warranted. While the PCMH 
may prove bene�cial in the pediatric context, it may not be a viable method 
for improving the delivery of medical care for adults (Ballas and Vichinsky, 
2015). The PCMH is centered around having a personal provider who will 
coordinate care as the primary criterion. Given the well-known problems 
that arise in transitioning from pediatrics to adult care, the PCMH model 
may be harder to establish in the adult care setting.

Another prominent delivery system reform is the use of the account-
able care organization (ACO), which is a partnership between a third-party 
payer and a set of providers, typically including primary care physician, 
specialists, hospitals, rehabilitation centers, and long-term care facilities, 
that seeks to provide coordinated care (CMS, 2019). ACOs receive a �xed 
base payment from the insurer plus a share in the savings if they achieve 
cost and quality targets for their patients. The goal is to encourage high-
quality care and avoid unnecessary costs. One example is New York City’s 
Kings County ACO, which identi�ed advanced SCD as a priority sub-
population due to the high number of readmissions (Stine et al., 2017). In 
response, the primary care and hematology departments partnered to create 
a multidisciplinary high-risk clinic to deal with advanced SCD patients. 
Systematic data on the performance of such ACOs in SCD care could better 
inform an overall delivery reform strategy.

Bundled payments are a third prominent reform type, designed to 
achieve lower costs, higher quality, and better health (Oyeku and Faro, 
2017). Also known as “episode-based payments,” bundled payments are 
designed to encourage high-value care by encouraging providers to improve 
coordination, ef�ciency, and care quality and outcomes (NEJM Catalyst, 
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2018). Under bundled payments, the total health care costs for an episode 
are prospectively determined, and providers receive no marginal compensa-
tion for any services within the bundle. Thus, providers take a loss when 
the cost exceeds the prospective bundled payment level, but they can share 
in the savings if they achieve costs below the target (conditional on meet-
ing quality standards). While there are examples of SCD bundles (e.g., 
the Cleveland Clinic Children’s SCD discharge bundle), they are relatively 
scarce. The Center for Medicare & Medicaid Innovation has developed 
more than 50 different payment and delivery models since its establishment 
via the Patient Protection and Affordable Care Act of 2010, but individuals 
with rare conditions such as SCD have been left behind.3

Delivery system innovation in SCD has not been rapid, and recent cura-
tive therapies pose additional challenges. If gene therapies or other curative 
therapies involve high up-front costs for health care providers (e.g., as in 
chimeric antigen receptor T cell therapy for cancer treatment), where hos-
pitals must pay in advance to acquire the drug and then wait for reimburse-
ment, it may discourage health systems and other provider organizations 
from delivery system innovation that might bene�t (and thus attract) more 
SCD patients. A solution might be helping providers �nance the up-front 
costs of high-cost therapies and care. Public and private payers might be 
tapped as a source of �nancing, especially since delays in reimbursement 
create the need for �nancing.

Curative therapies also pose a challenge for bundled payments. Incor-
porating these in a bundled payment would likely discourage their use be-
cause the �xed payment may be insuf�cient. On the other hand, excluding 
them might encourage overuse because the bundled payment itself penalizes 
overuse. Criteria for use of these new therapies would help address this 
problem, for example, reducing the number of “marginal” cases where 
patients may or may not bene�t would help mitigate overuse, even if the 
curative therapies are not bundled.

It may be tempting to believe that curative therapy would eliminate the 
need for intensive, coordinated care, but this may not be the case. “Cured” 
individuals may still experience pain throughout their lives and may also 
require genetic counseling because they could pass the mutation to future 
generations. Experience with HSCT patients suggests that a fraction of 
them continue to have chronic pain (Darbari et al., 2019). SCD patients 
may also continue to suffer the consequences of earlier organ damage.

Treatment innovation could even increase the need for specialized care. 
Curative therapies might be administered primarily or even solely by SCD 
specialists. If so, then access to specialists will limit therapy availability. 

3  For a list of innovation models for payment and service delivery, see https://innovation.
cms.gov/innovation-models#views=models (accessed July 8, 2020).
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Among commercially insured SCD patients, less than half see a special-
ist in a given year; that rate is less than one-sixth for Medicaid patients 
(Dampier et al., 2017). Unless access to specialists is particularly well cor-
related with eligibility for a therapy, barriers to specialist care will slow the 
diffusion of novel curative therapies. The solution must lie in either expand-
ing specialist access or establishing protocols for nonspecialists—perhaps 
with some additional training, specialist support, or other resources.

Shared Decision Making

There are various reasons for believing that the best approach to mak-
ing decisions about SCD care will be one in which patients and clinicians 
work together. For example, Ross et al. (2016) present qualitative research 
indicating that patients prefer collaborative decision-making processes over 
decisions made solely by clinicians. Patients also believe that clinicians 
should consider their personal preferences for care, listen to their perspec-
tive, and provide information about complications, long-term outcomes, 
side effects, and other relevant factors. The desire for shared decision 
making is likely to be even more acute in the context of curative therapy. 
“Cures” offer the chance of a substantial and durable clinical bene�t, but 
they generally come with considerable uncertainty surrounding the degree 
of bene�t and long-term side effects, and both the adverse effects and ben-
e�ts are hard to gauge. The optimal clinical decision will depend at least in 
part on the patient’s tolerance for uncertainty and ambiguity. All of these 
factors suggest that a shared decision-making approach is best.

Existing studies on shared decision making in the SCD context provide 
a basis for speci�c research relative to curative SCD therapy. Khemani et al. 
(2018) conducted qualitative research designed to elicit the factors in�uenc-
ing the choice of HSCT. Identifying the key decision factors helps facilitate 
more productive conversations between providers and patients about treat-
ment choice. Crosby et al. (2015) set forth a set of six strategies designed 
to facilitate shared decision making in the context of weighing the bene�ts 
and side effects of HU treatment. Finally, an ongoing Patient-Centered 
Outcomes Research Institute study is comparing alternative approaches 
to facilitating shared decision making concerning treatment options for 
pediatric SCD patients (PCORI, 2019). The launch of an innovative cura-
tive therapy should be accompanied by careful research and guidance on 
strategies for shared decision making.

REIMBURSEMENT POLICY

Decisions about new SCD therapies will also depend strongly on various 
economic factors, such as the price of treatment, cost–bene�t considerations, 
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and, in particular, reimbursement policies. While it is impossible to offer 
any speci�cs about the economic future for novel SCD therapies, other 
areas of medicine offer a sense of the general economic considerations that 
will shape the uptake of these new SCD treatments and cures.

It is dif�cult to predict how curative therapies for SCD will be priced, 
but the relevant factors will include the size of the eligible patient popula-
tion and the expected take-up, the expected rate of treatment response, 
and the extent of irreversible sequelae (e.g., organ damage). If the expected 
take-up is low, the budget impact of even an expensive therapy might be 
relatively limited for an individual payer; this would mitigate pushback on 
price. In addition, the expected clinical value will play a role in the price 
negotiations between pharmaceutical manufacturers and third-party payers. 
There remains considerable uncertainty around all of these factors.

This caveat notwithstanding, there is some insight from studying the 
lifetime cost of caring for SCD patients using chronic therapy. A “per-
fect” cure would be worth at least this much to third-party payers. For 
example, the average lifetime cost of treating a person with hepatitis C 
virus (HCV) is estimated to be $64,490, with higher costs for indi-
viduals with longer-than-average life expectancies (Razavi et al., 2013). 
Sofosbuvir (Sovaldi), which cured HCV in more than 90 percent of 
patients (Cholongitas and Papatheodoridis, 2014), launched with a list 
price of about $84,000, although payers likely paid somewhat less after 
rebates (particularly after competitors arrived) (ICER, 2015; Pollack, 
2015; U.S. Senate Committee on Finance, 2015). Partially effective cures 
could be valued similarly, on a pro-rata basis. Note that these are mini-
mum values because they disregard the value of health gains to pa-
tients, caregivers, employers, and other stakeholders. Nonetheless, they 
provide a �xed point for thinking about the potential cost and budget 
impact of cures at a time when details about their clinical bene�ts remain 
scarce.

Kauf et al. (2009) estimated the total lifetime cost of care for an 
SCD Medicaid patient to be more than $450,000. This is a conservative 
estimate because commercially insured patients cost more than Medicaid 
patients. Thus, in the current pricing environment, a perfect cure might 
cost upward of $450,000 per patient; $1 billion would treat just more 
than 2,000 patients, a fraction of those with SCD. Given these numbers, 
it is dif�cult to imagine that a large subset of patients would receive 
curative therapy without signi�cant changes to the structure of pricing 
contracts or price levels. It is similarly unlikely that third-party payers 
will make investments of this size and scope without an evidence base 
assessing the value of therapy—especially in light of growing willingness 
by U.S. payers to price according to measured effectiveness (CVSHealth, 
2018). For curative therapies to be widely adopted, strategies will be 
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required to stimulate the development of evidence on value and new ap-
proaches to payment.

Aligning Endpoints for Approval and Reimbursement

It is well understood that regulatory agencies and third-party payers 
differ in their incentives and demands for evidence on ef�cacy, safety, and 
value (Bognar et al., 2017). For example, FDA does not consider cost or 
value for money in its approval decisions. U.S. third-party payers, on the 
other hand, are increasingly considering value in their reimbursement deci-
sions. Within the past year, the pharmacy bene�t manager CVS Caremark 
proposed allowing clients to exclude pharmaceuticals that have a launch 
price that is higher than $100,000 per quality-adjusted life-year (QALY) 
gained due to the therapy (CVSHealth, 2018). Other payers are routinely 
using cost-per-QALY evidence in their price negotiations. A survey of 422 
formulary decision makers from U.S. payers found that 45 percent were 
likely or extremely likely to request a rebate to align a drug’s net price with 
the recommended value-based price calculated by the Institute for Clinical 
and Economic Review (ICER) and that around 59 percent of payers have 
used an ICER report as a basis for clinical and economic outcomes thresh-
olds when creating an outcomes-based contract (ICON, 2018).

Clinical trials will always feature endpoints likely to satisfy regulators. 
However, patients may lose out on access to new therapies if those end-
points do not also permit third-party payers to assess value. The dominant 
method for value assessment today is measuring cost per QALYs gained or 
some variant of that, such as cost per life-year saved or healthy life-year 
gained. This is not to suggest that the cost per QALY is or should be the 
only criterion for reimbursement. Rather, payers are more likely to cover a 
new therapy generously if there is evidence of value for the money.

The extant cost-effectiveness literature on SCD therapies is somewhat 
sparse; a search of PubMed generated only 62 results, and very few of them 
used QALYs to measure bene�t. Spackman et al. (2014) did so, report-
ing the cost per QALY gained by preoperative transfusion. Other studies 
have used alternatives to the QALY as a measure of bene�t. For example, 
Panepinto et al. (2000) estimated the cost per additional life-year saved by 
universal SCD screening compared with targeted screening. Other studies 
have reported cost per healthy life-year gained (Cunningham-Myrie et al., 
2015; McGann et al., 2015).

Controversy persists around whether QALYs are the best way to mea-
sure health bene�ts (Lakdawalla et al., 2018). However, the increasing 
adoption of cost-per-QALY criteria by U.S. payers suggests that evidence 
on QALYs can ease the path toward access for patients. A critical step will 
be to map clinical endpoints to “health utility levels.” Very brie�y, each 
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health state (e.g., the number of pain crises per month) is enumerated and 
then valued relative to a perfectly healthy life-year. Spending 1 year in a 
state that is 80 percent as valuable as a perfectly healthy life-year is worth 
0.8 QALYs, and so on. Innovators should anticipate the demand for stud-
ies on value by generating studies that map their clinical trial endpoints of 
interest to QALYs. Producing evidence on value more quickly will facilitate 
a more rapid uptake of new therapies (Lakdawalla et al., 2018).

There is a limited body of evidence estimating QALYs in the sickle cell 
context. A few studies have estimated health utility levels for SCD patients 
(Anie et al., 2002; McClish et al., 2017; Woods et al., 1997). The United 
Kingdom’s National Institute for Health and Care Excellence (NICE) re-
viewed this literature and calculated that the weighted average QALY 
for SCD was 0.732 (i.e., 1 year spent with SCD is estimated to be worth 
0.732 perfectly healthy life-years) (NICE, 2012). This study also extrapo-
lated utility levels associated with two complications, acute chest syndrome 
and stroke; because of the absence of SCD-speci�c data, these were based 
on estimates obtained in non-SCD patient populations.

The growing importance of QALYs, along with the relatively limited 
literature on QALY measurement in SCD, suggests the importance of gen-
erating data that can readily assess the value of new SCD therapies. In ad-
dition, clinical trial endpoints must align with the published methods for 
estimating QALYs. For example, an innovator may conduct a clinical trial 
showing that a new drug reduces the number of monthly pain crises. This 
permits an assessment of value only if studies exist that compute health 
utility levels and QALYs against monthly pain crises.

Value assessments include both estimated QALYs gained and the in-
cremental costs of a new therapy. Cost estimates include the direct cost 
of a new intervention and of supportive care as well as the cost offsets as-
sociated with, for example, reduced health care use due to health bene�ts. 
The International Society for Pharmacoeconomics and Outcomes Research 
published guidelines in 2015 recommending that collecting cost data should 
be fully integrated into clinical trials (Ramsey et al., 2015). Including costs 
as a secondary endpoint in pivotal randomized clinical trials would expedite 
the collection of these data and the associated assessment of value.

Novel Payment Mechanisms for Curative Therapies

Lessons from Other Disease Areas

Curative therapies may provide substantial long-term bene�ts but with 
high up-front costs. Several noteworthy examples in other disease areas 
provide insights into the kinds of access constraints that SCD cures may 
face and the potential for solutions.
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Sovaldi, as noted earlier, cured hepatitis C in more than 90 percent 
of patients (Cholongitas and Papatheodoridis, 2014). The treatment was 
initially priced at about $84,000 for a 12-week course in the United States. 
While the price fell in the months following launch, it remained relatively 
high (ICER, 2015; Pollack, 2015). Signi�cantly, Sovaldi provided value for 
money (NICE, 2014). NICE deemed the United Kingdom price of about 
GBP 35,000 to be cost-effective (Hirschler, 2014; NICE, 2014). Despite 
the evidence on value, Sovaldi’s price multiplied by the number of HCV 
patients resulted in a substantial potential budget impact (Henry, 2018; 
Touchot and Flume, 2015). During the �rst 9 months of 2014, the total 
U.S. health care expenditures were $6.6 billion, making Sovaldi the highest-
revenue drug in the country during that period (Schumock et al., 2015).

At the same time, reports emerged of payers denying coverage of 
Sovaldi or approving access only after �brotic changes had been docu-
mented in the liver (Do et al., 2015). Several private insurers implemented 
stringent prior authorization systems to limit their spending on Sovaldi, 
to the point that 25 percent of patients prescribed it were initially denied 
access (Schumock et al., 2015), even though many did receive it later 
(Do et al., 2015).

Sovaldi presents a case of a likely cost-effective drug whose uptake was 
limited by its substantial budget impact. This raises the question of whether 
novel �nancing arrangements can blunt the problem of high up-front costs. 
One direct approach is an annuity pricing model, sometimes referred to 
as a “drug mortgage” (Sachs et al., 2018). For example, Bluebird Bio has 
developed a gene-replacement therapy for thalassemia that may feature a 
seven-�gure up-front cost. Perhaps as a result, it has announced plans for an 
annuity payment model, in which third-party payers would pay on a 5-year 
installment plan, with the installments also partially tied to the continuing 
durable effectiveness of the drug (Walker, 2019). Other �rms have also tied 
the price of cures to their effectiveness. Spark Therapeutics prices its gene 
therapy for childhood retinal dystrophy at $850,000. Given the uncertainty 
about its long-term effectiveness and its high price tag, the company has 
proposed an outcomes-based pricing contract that offers a partial refund 
if the patient’s eyesight deteriorates (Richards, 2019). Spark Therapeutics 
also proposed a payment option that, in addition to the outcomes-based 
rebates, spreads out payments over time. Because current government price-
reporting requirements do not explicitly account for the possibility of these 
amortized payments, Spark Therapeutics has proposed this novel payment 
mechanism as a Centers for Medicare & Medicaid Services (CMS) dem-
onstration project (Spark Therapeutics, 2018). The obstacles created by 
federal price-reporting requirements for novel payments are considered in 
more detail below. Another pricing approach is to negotiate a �xed total 
cost that can help payers reduce the risk of unexpectedly large budget 
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impacts. For example, Louisiana’s Medicaid program is experimenting with 
a “Net�ix-style” pricing model: for a �xed monthly subscription fee, it re-
ceives a license for unrestricted use of AbbVie’s, Gilead’s, or Merck’s HCV 
treatments (Louisiana Department of Health, 2019). Medicaid programs 
are in a better position than private payers to avoid regulatory pitfalls, so 
they may present a potential test bed for novel payment mechanisms.

Finally, while this issue is not unique to curative therapies, prior autho-
rization rules for new therapies might become a barrier to patient access, 
particularly if there is no published evidence of value. Prior authorization 
rules require physicians or hospitals to submit formal requests to payers be-
fore providing certain treatments (AMCP, 2012). This tool is implemented 
as a cost-cutting strategy; in principle, it limits an expensive treatment to 
patients deemed genuinely in need. However, in a recent survey of physi-
cians by the American Medical Association, 47 percent of respondents 
reported that prior authorization, when required, often or always delayed 
access to necessary treatments; 91 percent reported that it signi�cantly or 
somewhat negatively affected patient clinical outcomes, and 28 percent 
reported that it led to a serious adverse event (e.g., death, hospitalization, 
disability/permanent bodily damage, or other life-threatening event) (AMA, 
2018). Prior authorization becomes more likely when the case for value 
is weaker; it is a tool for limiting use rather than allocating treatment to 
patients likely to receive demonstrable higher value from it.

Innovative Payment Models for Curative or High-Cost Therapies

The examples above touch on a few of the numerous possible alterna-
tive payment mechanisms for curative therapies.

Annuity-style payment models allow health plans to spread out pay-
ments for treatments over time through installments up to a contractual 
ceiling (Carr and Bradshaw, 2016). Annuity-style payments suit treatments 
that provide value for money but have exceptionally high budget impacts 
because of large patient populations or high up-front costs. Annuity mod-
els can also be tied to outcomes, as in the thalassemia example above. 
Performance-based risk-sharing (PBRS) agreements have been around since 
the early 2000s (Carlson et al., 2017). PBRS agreements tie payments to 
the real-world performance of the annuity model. Because payers and 
manufacturers share the risk, PBRS agreements provide a means for ad-
dressing uncertainty about long-term therapeutic bene�ts or side effects. 
A study by Carlson et al. (2017) identi�ed around 62 PBRS agreements in 
the United States between 1993 and 2016, of which 68 percent were active 
or presumed active in 2016: 47 percent were for pharmaceutical products, 
34 percent for devices, and 19 percent for diagnostics. PBRS agreements do 
require a clinical endpoint that can be measured in real-world data; pain 
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crises might be one example, although a wider range of options would help 
facilitate outcomes-based pricing in different treatment contexts.

Another example, which has been used in solid organ and stem cell 
transplantation, is reinsurance (Slocomb and Werner, 2017). The health 
plan can enter into a �nancial arrangement—with either a manufacturer 
or third-party reinsurer—to cap total spending at some agreed-upon maxi-
mum. Reinsurance from a manufacturer simply caps spending at an agreed-
upon level. Third-party reinsurance of�oads spending above the threshold 
to the third party.

A related alternative is risk pooling. Under this scheme, payers would 
pay a certain share of their bene�ciaries’ premiums into a fund devoted to 
high-cost therapies (Slocomb and Werner, 2017). If therapy costs exceed a 
prespeci�ed threshold, the payer would receive compensatory funds from 
the pool. The pool could be administered by a nonpro�t third party, the 
government, or the reinsurer, and it could partially be supported by the 
government to ensure patient access to high-cost treatments.

Enabling Innovative Contracting Arrangements

While there are a handful of innovative payment models, the idea re-
mains nascent in the U.S. marketplace. New data—and policy and regula-
tory reforms—could help accelerate adoption.

As noted above, real-world data on effectiveness can insure payers 
against nonresponse or declining effectiveness over time. This requires 
identifying measurable endpoints that re�ect patient well-being as compre-
hensively as possible.

Manufacturers have also shown some hesitation to enter into novel 
payment mechanisms due to Medicaid’s “best-price rule” (Sachs et al., 
2018), under which Medicaid is legally entitled to pay the lowest price ob-
served in the entire national marketplace for a drug. The implications for 
outcomes-based pricing remain slightly hazy. For example, with a contract 
that offers a full refund to a payer for a therapy that fails to work, if that 
refund is triggered for one patient in the plan, would that immediately 
entitle Medicaid to a price of zero? CMS could clarify the issue without 
congressional action. The Medicaid best-price statute does not specify the 
unit of analysis for a best-price calculation, that is, it does not stipulate 
whether the price paid for an individual patient or dose serves as a possible 
“best price.” Thus, for an outcomes-based contract, CMS could specify that 
the best price should be calculated as the weighted average of the prices the 
manufacturer receives (Sachs et al., 2018).

Clarity concerning the Anti-Kickback Statute, which bars manufac-
turers from offering federal health care programs anything of value in an 
attempt to induce the purchase of a therapy (HEAT, n.d.), would also help 
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in the case of Medicaid and Medicare payments. In principle, an outcomes-
based rebate to Medicaid or Medicare might be construed as a kickback. 
Survey evidence shows that 57 percent of payers and 83 percent of manu-
facturers viewed clarifying the Anti-Kickback Statute as a high-impact, 
urgent need (Duhig et al., 2018).

Finally, annuity-style payment models might be hampered by the short 
duration of insurance contracts. SCD cures may have bene�ts that last for, 
say, 30 years. A natural response would be to spread payments out over 
this entire timeframe to mitigate the budget impact as much as possible. 
However, 17 percent of insurance bene�ciaries switch their plan each year 
(Cunningham and Kohn, 2000). It is not entirely clear how to deal with 
an annuity payment obligation after a patient switches insurers. One solu-
tion would be to facilitate longer-term insurance contracts, but that would 
require far-reaching changes to the U.S. health insurance system (Bhattacha-
rya et al., 2013). Another sweeping reform would be to create a system 
in which obligations can be transferred from one payer to another. Basu 
(2015) has proposed that payers receive a valuable tradable asset when 
they pay for a curative therapy. The value of this asset would re�ect the 
total value of the cure to Medicare and Medicaid. This effectively rewards 
the payer for some or all of the bene�ts of the cure that accrue after the 
bene�ciary enters public health insurance. It also enables the government 
to compensate commercial payers for some of the bene�ts that commercial 
payers are providing to public insurers.

Creating incentives for long-term health investments ought to be 
viewed as an important, long-term goal of health policy, but it must be 
supplemented with practical short-term steps as well. Existing examples 
suggest that shortening the annuity payout period may be a simpler, albeit 
less comprehensive, solution in the short term.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion 7-1: For many African Americans (the predominant 
population group affected by SCD), efforts to advance medical 
science are still marred by historical exploitation. Yet, many are also 
willing to participate in clinical trials, and, somewhat paradoxically, 
there is evidence that recruitment efforts lag for this population. 
Researchers must be especially vigilant in their adherence to 
standards and practices in the consent and participation of those 
with SCD in research. Recruitment efforts for trials need to be 
equitable, including the use of community-based organizations to 
recruit and support participants. Communication with potential 
participants should be geared toward clarity and education, 
and over the long-term research results should be conveyed to 
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participants whether the trial has been successful or not. This is 
especially warranted as new therapies (genetic modi�cation, stem 
cell transplant) become widely available to treat and potentially 
cure those with SCD.

Conclusion 7-2: Many new disease-modifying drugs for SCD will 
become available in the next decades. Biomarkers are needed to 
predict response, prioritize certain treatments over others, and 
guide combination therapy. Comparative effectiveness research is 
needed to guide health care/insurance coverage policies, particularly 
for very expensive biological agents.

Conclusion 7-3: Allogeneic transplant from a sibling-matched 
donor carries limited toxicity and a high success rate. When HLA-
matched siblings are available, stem cell transplant should be 
discussed and offered in early childhood, before complications 
have arisen. As new drugs that may obviate the need for curative 
treatment become available, biomarker-based decision trees are 
urgently needed to determine the appropriate timing and suitability 
of stem cell transplant. Additionally, there is a need for research 
on the impact of stem cell transplantation on organ dysfunction 
in adults.

Conclusion 7-4: Stem cell transplant carries a high psychosocial 
impact. Holistic care that addresses the psychological, economic, 
social, and spiritual impact of transplantation is critical and should 
become the standard of care from the pre-transplantation period to 
the post-transplant long-term follow-up stage.

Conclusion 7-5: Gene therapy advances and clinical trials are 
proceeding at a fast pace. Education and patient-facing materials 
on the risks and bene�ts of gene therapy are urgently needed, as 
is research to elucidate the long-term implications of gene therapy.

Conclusion 7-6: The current delivery and payment system could 
serve as an impediment to diffusion of and access to therapeutic 
innovations. There is a need for delivery system and payment 
reforms, including training of SCD specialists to facilitate the 
diffusion of new, curative, and other SCD therapies.

Recommendation 7-1: The Centers for Medicare & Medicaid Services 
in collaboration with private payers should identify approaches to 
�nancing the up-front costs of curative therapies.
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Recommendation 7-2: The U.S. Department of Health and Human 
Services should encourage and reimburse the practice of shared deci-
sion making and the development of decision aids for novel, high-risk, 
potentially highly effective therapies for individuals living with sickle 
cell disease.

Recommendation 7-3: The National Institutes of Health, U.S. Food 
and Drug Administration, pharmaceutical industry, and research com-
munity should establish an organized, systematic approach to encour-
age participation in clinical trials by including affected individuals in 
the design of trials, working with community-based organizations to 
disseminate information and recruit participants, and conducting other 
targeted activities.
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8

Community Engagement 
and Patient Advocacy

The community-based organizations are valued. I would consider them 
like the gatekeepers to the sickle cell disease community. They de�nitely 

have their �nger on the pulse of the community.

—Shauna W. (Open Session Panelist)

Chapter Summary

• 	� There is a long history of community-based organizations (CBOs) and 
patient organizations advocating for and serving the needs of the 
sickle cell disease (SCD) population and generating awareness about 
SCD and sickle cell trait (SCT).

•	� The current landscape of SCD patient groups includes several orga-
nizations at the national, state, and local levels, with very di�erent 
structures, that improve the lives of individuals with SCD within a 
de�ned sphere but lack the needed uni�ed voice to e�ect large-scale 
change for individuals with SCD and SCT.

•	� SCD CBOs perform a crucial function in the SCD care delivery eco-
system, but their e�orts are hampered by a lack of �nancial resources 
and infrastructural challenges.

•	� Models of patient advocacy from other rare diseases o�er key take-
aways for improving the organization and e�ectiveness of SCD patient 
advocacy groups and CBOs.

continued
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HISTORICAL PERSPECTIVE

Individuals living with sickle cell disease (SCD) and sickle cell trait 
(SCT) often experience racism, stigma, and implicit bias within and out-
side the health care system. SCD-speci�c community-based organizations 
(CBOs) have been and continue to be important in mitigating these experi-
ences and therefore have a critical role in any strategic initiative to improve 
care and services for this population.

As discussed in earlier chapters of this report, individuals living with 
SCD and SCT were and continue to be socially stigmatized and neglected in 
the health care system because of the lack of general understanding of the 
disease and its consequences. This current state is best understood in the 
context of the historical experiences that have shaped advocacy and com-
munity engagement. In response to social activism in the 1960s regarding 
the poor health of African Americans, an activism that was catalyzed by 
the Black Panther Party, President Nixon told Congress in a 1971 speech 
that “a second targeted disease for concentrated research should be sickle 
cell anemia.… It is a sad and shameful fact that the causes of this disease 
have been largely neglected throughout our history. We cannot rewrite this 
record of neglect, but we can reverse it” (Gold, 2017).

In conjunction with this increased attention to SCD, 12 states and 
the District of Columbia enacted mandatory sickle cell screening laws 
for African Americans. Most of these laws equated SCT with SCD. 
These laws led to stigmatizing people with carrier status, resulting in 
such things as denial of health and life insurance, poorer employment 
opportunities, and rejection from the U.S. Air Force Academy (Markel, 
1992). In 1972, the call for a special effort to address SCD led to the 
passage of the National Sickle Cell Anemia Control Act (Public Law 
92-294) (Manley, 1984). One important aspect of the act is that it 
ended mandatory genetic testing for SCD. The act made testing volun-
tary, provided $6 million dollars toward research into and treatment of 
SCD, and authorized education, information, screening, testing, genetic 
counseling, research, and treatment programs to improve understanding 
(Manley, 1984).

•	� To truly move from local-level impact to system-level change, the 
organization of SCD CBOs and patient advocacy groups needs to 
be restructured, their capabilities de�ned, and their role embedded 
within the care delivery system.

•	� Funding sources for these groups also need to be diversi�ed, and 
more funds must be made available for CBOs’ work from both federal 
and private sources.
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The decade after the National Sickle Cell Control Act was passed fea-
tured increased awareness of and efforts to educate the public about SCD 
and SCT and to develop and evaluate new therapies. In the early 1970s 
the federal efforts focused on SCD and SCT involved three major agen-
cies (see Figure 8-1): the National Institutes of Health (NIH); the Health 
Services Administration (HSA), later renamed the Health Resources and 
Services Administration (HRSA), and the Centers for Disease Control and 
Prevention (CDC).

NIH focused on research and treatment. HSA and HRSA translated 
this work and established demonstration projects for screening, education 
clinics for counseling, and medical referral for those diagnosed with SCD, 
speci�cally through the Maternal and Child Health Bureau (MCHB). CDC 
focused on developing hemoglobinopathy laboratories and training pro-
grams to provide pro�ciency testing and also to serve as reference laborato-
ries. Under the administration of NIH, the comprehensive sickle cell disease 
treatment centers were established, with the goal of reducing morbidity and 
mortality (Manley, 1984).

The HSA sickle cell clinics were the nexus of connectivity with the 
community and offered genetic counseling and awareness education, re-
ferring those identi�ed as having SCD to the NIH comprehensive centers. 
The centers were supported by an interagency transfer of funds from 
NIH that began in 1972 with $1.9 million, increasing to $3.4 million in 
1974. The number of centers rapidly expanded from 19 in 1972 to 26 
in 1975, with the majority located in the southeast United States, where 
there was a dense population of African Americans. This initiative estab-
lished a protocol for education and counseling for SCD through the sickle 
cell clinics. In 1976 the Genetic Disease Act was passed, with a mandate 

Chapter 8:

Figure 8-1: Federal Agencies Involved in SCD/SCT Activities Stemming from the Sickle 
Cell Treatment Act

SCD Treatment Act

NIH
Focus on research 
and treatment of 

affected individuals

CDC
Hemoglobinopathy 

reference labs

HSA
Demonstration projects 
(screening, educ�Wtion 

clinics, counseling, 
medical referrals)

FIGURE 8-1  Federal agencies involved in SCD and SCT activities stemming from 
the Sickle Cell Treatment Act.
NOTE: CDC = Centers for Disease Control and Prevention; HRSA = Health Re-
sources and Services Administration; HSA = Health Services Administration; NIH = 
National Institutes of Health; SCD = sickle cell disease.
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to provide genetic services for all genetic conditions, including SCD, af-
fording MCHB a platform to establish structures for serving individuals 
with SCD. By 1982 a reported 1.6 million clients had been educated and 
860,000 clients screened. The concept of the SCD CBO was an integral 
part of the original design of SCD services introduced by the National 
Sickle Cell Control Act.

Unfortunately, federal funding appropriation was far less than what 
was needed to provide services for all genetic diseases. In addition, it was 
delegated to states to incorporate sickle cell into their genetics service de-
livery networks and MCHB programs. Further restructuring of the funding 
mechanisms for genetic diseases inherently modi�ed the clinic structure 
and functions and the overall delivery of SCD services; this dismantled the 
robust infrastructure established by the federal mandate, giving rise to a 
fragmented SCD care delivery system in which individual states controlled 
screening and follow-up with other services, such as data collection, re-
search, and clinical services, split among various federal agencies.

Despite the National Sickle Cell Control Act, discrimination borne out 
of misinformation and a lack of knowledge about persons with SCD and 
SCT did not end. National funding for SCD was tied to congressional ap-
propriations, which resulted in a “push–pull” on research funding between 
SCD and other disease groups. Failure to distinguish SCT, the carrier state 
affecting millions of Americans, from SCD led to an incorrect labeling of 
SCT as SCD and resulted in needless fears and discrimination for many 
individuals. The general public and some physicians reinforced this medical 
mismanagement and bias, resulting in individuals with SCT being denied 
education, insurance, and employment opportunities (Scott, 1981). More-
over, the poorly conceived design and inadequate resources of the clinics 
may have contributed to improper and inadequate testing procedures, in-
correct interpretation of test results, and misinformed genetic counseling. 
There was little supervision of the interpretation of genetic testing results 
by trained medical professionals, and counseling services were inconsistent, 
causing undue harm from miscommunication and misinterpretation of 
results (Scott, 1981).

To avoid a repeat of the negative consequences associated with the Na-
tional Sickle Cell Control Act, any national strategy that addresses identi-
�ed priorities for SCD and SCT requires critical information and feedback 
from the SCD community. However, the work of the advocates/advocacy 
groups and CBOs (formerly housed within the clinics) is hampered by im-
portant obstacles discussed in this chapter, which will need to be addressed 
if the full potential of the community is to be harnessed and the relevant 
stakeholders to be engaged in advancing care, outcomes, and resources for 
the SCD population. Most importantly, there is a need to develop a struc-
tured and scalable value framework for the contribution that CBOs provide 
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toward improving care outcomes that will allow adequate infrastructure 
and �nancial support for their continued existence.

SICKLE CELL CBOS AND PATIENT ADVOCACY GROUPS

SCD is the largest of the rare genetic diseases, yet it lacks the coordi-
nated efforts and uni�ed patient voice needed to make a difference. The cur-
rent landscape of SCD patient organizations is complex. There are multiple 
stakeholders operating at various levels (federal, state, and local), and they 
may conduct brick-and-mortar or virtual (not bound by geography) activi-
ties or a combination of both. There are community- and health system–
based support groups for individuals living with SCD and their families, 
and there are smaller groups established by individuals affected by SCD and 
their families. Patient advocates or groups may in�uence policy, programs, 
resource allocation, and messaging to relevant stakeholders and the general 
public about the interests, needs, and well-being of the SCD population.

SCD CBOs encompass a wide variety of entities, from independent 
individual advocates to small local groups focused on sickle cell awareness 
and education to large national groups, including organizations delivering 
enabling services. These organizations are also involved in community en-
gagement, which is the “inclusion of local health system users and commu-
nity resources in all aspects of design, planning, governance, and delivery of 
health care services” (PHCPI, 2018). Patient advocates, advocacy groups, and 
CBOs may liaise between the SCD population and the care delivery system; 
as discussed later in this chapter, most diseases, especially rare and inheritable 
diseases, have bene�ted from the work of strong patient organizations. 
CBOs and advocacy groups carry out sets of activities based on their organi-
zational structures, but the lack of coordination among these groups results 
in a duplication of activities, primarily because the various organizations 
typically operate independently. This has limited their overall effectiveness 
and served as an impediment to having a far-reaching impact.

National efforts that encompass the interests of all CBOs and advocacy 
groups regardless of size, infrastructure, mission, and capacity are challeng-
ing, particularly in SCD, where all entities are under-resourced. The CDC 
National Resource Directory (CDC, 2019b), identi�es two SCD resources 
working at the national level to advance awareness, care, and outcomes: 
the Sickle Cell Disease Association of America (SCDAA) and the Sickle Cell 
Community Consortium (SCCC). These two groups are vastly different in 
focus, structure, and scope.

There are several CBOs and advocacy groups operating at the state 
and local levels to advocate for and support the SCD community. Some 
of these organizations may be members and af�liates of SCDAA or other 
national organizations discussed later in this chapter, but they still operate 
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independently. Appendix K lists the CBOs and advocacy resource groups 
related to SCD, identi�ed using publicly available information and online 
sources, including all state-level chapters of SCDAA. However, this list is 
not fully inclusive; it is only meant to provide an overview of SCD patient 
organizations by state. There is no available comprehensive listing or regis-
try of SCD CBOs or advocacy groups, nor is there a standardized classi�ca-
tion of precisely which services each offers. Thus, there is an opportunity 
to create a comprehensive cataloguing of CBOs and community resources 
available for the SCD population and to develop a formal characterization 
and classi�cation of the various services that each offers.

Services Offered by SCD CBOs

SCD CBOs provide a myriad of services beyond awareness about SCD 
and SCT and advocacy that support and complement health care for chil-
dren and adults; these include education, counseling, care coordination, 
and enabling services (see Table 8-1). The in�uence and overall impact of 
the SCD CBOs remains invisible in the scienti�c literature because com-
munity participation, engagement, and support are not typically measured 
with the current scienti�c publications. CBOs, by dint of their de�ned 
scope and sphere, are embedded in their communities, understand the 
dynamics and needs of these communities, and can tailor their offerings 
accordingly.

The activities in Table 8-1 can be categorized into three key categories 
of functions discussed in the next sections: providing public education and 
awareness, providing enabling services to the SCD population, and bridging 
the SCD population and the scienti�c and clinical community.

Providing Public Education and Awareness

Public awareness and information serve to demystify a health condi-
tion. This is especially needed for SCD/SCT, as alluded to in preceding 
chapters. Public awareness and understanding of the disease are limited, 
which places the burden on individuals to educate those in their milieu 
(health care, schools, places of employment, clinics, etc.). It is also im-
portant to ensure that public information about SCT is factually accurate 
and that misinformation is promptly debunked so as to avoid a repeat of 
the 1970s situation when SCT was confounded with SCD, resulting in 
stigmatizing people with carrier status. CBOs and other patient advocacy 
groups assume the collective voice of individuals with SCD and SCT and 
play a pivotal role in educating the public and key stakeholders, especially 
legislators. These groups require access to appropriate and accurate infor-
mation and education and the necessary counseling and health education 
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TABLE 8-1�CBO Services Supporting the Needs of Children and Adults with SCD 
and SCT, Not Including Advocacy

Service Description of Activities

SCD and SCT 
education

•��SCD/SCT education individually or at the community level

Genetic counseling 
services

•��Counseling services for SCT and other hemoglobinopathy 
traits, such as C, E, and beta-thalassemia

� o��Consumers are referred to hospital-based genetic 
counselors for full reproductive counseling

Psychosocial 
support

•��Support groups
•��Peer support networks
•��Social networks
•�� Information-sharing networks, such as SCDAA’s Get 

Connected
•��Hospital visitation
•��Recreational and social activities, such as picnics and other 

social outings

Camps •��Support for children and young adults to participate in 
external camps

•��Annual SCD-speci�c camps

Care coordination •��Care coordination at the individual or population level for 
adolescents and young adults or older adults

•��Case management
� o��A few CBOs can provide in-home nurse case management 

services to support the hospital-to-home transition and 
reduce avoidable admissions

Case �nding and 
referral to care

•��Assisting state health departments and health 
systems/hospitals with �nding newborns with positive 
newborn screening results for SCD

•��Finding individuals lost to care/follow-up and referring back 
to health care

•��Assisting sickle cell programs with �nding patients lost 
to care

•��Assisting individuals with SCD in �nding a medical home, 
particularly a primary care physician and/or a sickle 
cell expert

Enabling services •��Transportation to and from medical and dental 
appointments

•��Assistance with the maintenance of basic needs, such as 
housing, utilities, and food

•��Caregiver support
•��Bereavement support
•��Linkage to community resources
•��Child care
•��Tutoring

Clinical trial 
education and 
recruitment

•��Partnering with private industry and hospitals to educate 
consumers on clinical trial participation

•��Recruitment for open clinical trials

Transition 
assistance

•��Education on transition
•��Assessment of transition readiness
•��Accompanying young adults to �rst adult-focused care visit
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skills to ensure that they communicate accurate and up-to-date information 
about SCD and SCT to broad audiences. The optimal purpose of such pub-
lic awareness campaigns is to share accurate information with all.

In a recent campaign about self-management education awareness, 
CDC demonstrated that the important components of public awareness ef-
forts include having a clear, concise, and simple message; engaging all rele-
vant partners and stakeholders; and providing access to additional (vetted) 
readily available informational resources in various accessible formats for 
individuals and stakeholders. A similar structured process to communicate 
awareness messages for use by all SCD CBOs and advocacy groups would 
result in less misinformation and fewer potentially con�icting messages. 
One way to ensure consistency and accuracy in messaging would be to 
develop a centralized toolkit that all advocacy and CBO groups could 
use to provide evidence-based, culturally appropriate information at the 
appropriate literacy level in their awareness campaigns. The federal gov-
ernment, in collaboration with relevant organizations, could develop such 
a toolkit.

Providing Enabling Services to the SCD Population

CBOs and patient advocacy groups are best positioned to provide 
certain enabling services, including social and peer support, hospital visi-
tation, and recreational and social activities, to address the isolation and 
need for community that individuals with SCD have expressed. CBOs may 
also provide services tailored to mitigating various nonmedical social needs, 
such as transportation to and from medical appointments; assistance with 
basic needs, such as housing, utilities, and food, child care, and tutoring; 
and linkage to other community resources, such as vocational training and 
legal clinics to help with disability insurance. Many of these services are 
provided by community health workers (CHWs) who work within the CBO 
or medical centers.

Many CBOs provide an annual SCD camp, which is an important 
enabling service. For children with chronic disease, the summer camp ex-
perience can support education and quality-of-life (QOL) bene�ts through 
opportunities for peer modeling, disease education, and reduced isolation. 
The committee heard from young adult panelists in the open session of the 
fourth meeting that an SCD camp is a valuable service that not only ad-
dresses the signi�cant isolation that individuals experience but also serves 
as a pipeline for SCD advocates who attended camp as children, returned 
as camp counselors, and continue on to �nd their niche as advocates in the 
SCD community.

There are several categories of camp experiences for children and young 
adults with SCD. Many involve 1- to 2-week experiences for children, with 
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or without their siblings. The camps are staffed by the sponsoring CBO 
and volunteers. There are also national camps that provide experiences for 
children with chronic illnesses in general. Many of these camps offer “sickle 
cell only” weeks on their properties supported by their regular camp staff 
and have medical teams on site that are familiar with the care of children 
and adults with SCD. Local health care systems work alongside CBOs 
locally to ensure that when campers have pain or fever, physicians and 
nurses are on site to provide care and to aid in transport to nearby health 
centers (Narcisse et al., 2018). Some providers use camp as an opportunity 
to strengthen the provider–patient relationship (DiDomizio and Gillard, 
2018). Parents and caregivers are reassured and comforted when their local 
medical teams or others familiar with SCD are on staff. This provides op-
portunities for these children whose families might have limited their camp 
experiences otherwise. Expenses and charges for camp participation are 
supplemented or fully covered by philanthropy or grant funding. Finally, 
providing counselor-in-training and counselor positions for, respectively, 
teens and adults with SCD offers informal peer-mentoring and patient 
support systems.

Although sickle cell camps have been in existence for more than four 
decades, very little has been published on their key elements or on how 
the experience affects the lives of individuals living with SCD. The bene�t 
of camps for children with chronic disease has been well demonstrated 
for in�ammatory bowel disease (Salazar and Heyman, 2014; Shepanski 
et al., 2005), cancer (Wu et al., 2016), burns (Bakker et al., 2011), and 
pediatric diabetes (Bultas et al., 2016). Generally, camp experiences in-
crease self-esteem, as participants learn that there are other children with 
SCD who may share similar problems. Campers enjoy the opportunity to 
play, participate in sports, swim, and live with other children with SCD 
without being forced to think about their illness. Some camps offer only 
recreational activities, while others provide opportunities to learn disease 
self-management, increase sickle cell knowledge, prepare for transition 
from pediatric to adult care, or learn life skills needed to get ready for 
college and vocations.

Narcisse et al. (2018) published on summer camps for SCD, high-
lighting the importance of appropriate staff training in adapting the camp 
schedule, activities, and environment to minimize the potential for exacer-
bating a vaso-occlusive episode (VOE). For example, camps can arrange for 
temperature control, access to water for liberal hydration, and schedules 
that allow for frequent breaks in order to prevent overexertion, which can 
trigger a VOE. The authors also recommend developing and disseminat-
ing standardized manuals to guide the operational structure and functions 
of an SCD-speci�c camp, including staff training, recruiting young adults 
with SCD as counselors, the appropriate medical team infrastructure based 
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on camper census, and standardization of suitable educational material 
and resources. It is imperative that research on the care needs of the SCD 
population, adolescent transition, and various QOL metrics, such as self-
management, coping, and isolation, be conducted to guide resources offered 
at SCD camps.

Client engagement across the life span is dif�cult for any CBO serv-
ing a community with a chronic inherited condition. Camp may be the 
�rst time that a child with SCD has an experience involving the local 
CBO. This experience helps the CBO develop a relationship with the 
child before the transition to young adulthood. Relationships formed at 
camp can often be a source of support when a youth with SCD is hos-
pitalized or struggling to keep up in school. These positive camp experi-
ences cultivate participation in tutoring, reunions, seasonal parties, and 
other events.

Serving as a Bridge Between the SCD Population and the 
Scienti�c and Clinical Community

The �nal and key role of CBOs and patient advocacy groups is to con-
nect individuals with SCD and SCT to the health care system. This func-
tion begins with newborn screening, for which some states partner with 
CBOs and patient advocacy groups to follow up with families of newborns 
with positive SCD results and link them with needed care. Although the 
committee was unable to �nd existing models for joint training, having 
CBO staff and medical practitioners participate together in training on 
how to work collaboratively would only enhance the relationship between 
the two.

CBOs also provide education about SCD and SCT to individuals and 
to the community to help with clinical and reproductive decision mak-
ing. CBOs may partner with researchers at academic medical centers or 
private pharmaceutical manufacturers to disseminate information about 
clinical trials and recruit participants. This a crucial role for CBOs, es-
pecially in light of the historical injustices that African Americans have 
suffered in participating in investigational clinical research, which has 
fostered deep mistrust between the community and the health care sys-
tem and has historically contributed to an unwillingness to participate in 
clinical trials.

Some CBOs offer services to aid young adults transitioning from pedi-
atric to adult care by assessing transition readiness and providing educa-
tion. Some organizations may even accompany young adults to their �rst 
adult clinical visit. CBOs also provide care coordination and case referral 
services. As discussed in Chapters 4, 5, and 6, the complexities of SCD 
and its associated complications necessitate care from a multidisciplinary 
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team, resulting in a situation that may be overwhelming for individuals and 
their families to navigate on their own. CBOs can assist people in �nding 
a medical home that supports their whole-person needs (see Chapter 5) 
and with scheduling and coordinating services among multiple medical 
providers. When liaising between the SCD population and the health care 
system, CBOs often rely on CHWs, as other staff members may not be as 
facile at navigating the health care system. The CHW’s role is discussed in 
the next section.

The liaison role of the CBO and SCD advocacy groups should never be 
considered unilateral. While the focus is on supporting access to care for 
the individuals affected, historically CBOs have always been in a position 
of “supporter,” with no quid pro quo bene�t. CBOs are often not included 
in scienti�c publications, even though they provide researchers with invalu-
able help in both developing strong grant applications and securing access 
to affected individuals. Their role as a liaison to the health care system and 
to research efforts is generally invisible. Without equal visibility as part 
of the research team in scienti�c publications, CBOs are relegated to the 
acknowledgment section of manuscripts and remain undervalued. While 
CBOs may lack the infrastructure to produce scienti�c literature, they are 
strong cultural brokers within the SCD community and are necessary for 
most scienti�c research advances. True partnership with the medical com-
munity will require rede�ning roles and their ascribed values, with clear 
guidelines for infrastructure and capacity building within the CBOs to 
support their key function as a bridge between the SCD community and 
the health care system.

Community Health Workers

CHWs are also known as “outreach workers,” promotores/as de salud, 
“community health representatives,” and “patient navigators” (Rosenthal 
et al., 2010). Clinician scientists and several SCD CBOs across the country 
recently coproduced a publication that described the role of nonclinical 
CHWs in SCD care (Hsu et al., 2016). The authors cited the high socioeco-
nomic and health burden of SCD as a public health concern and suggested 
that public health approaches might be able to mitigate the socio-ecological 
barriers that result in poor outcomes (which CHWs can address). Because 
care delivery for SCD, as with most chronic conditions, is complicated by 
disparities in health care access, delivery, services, and cultural provider–
patient mismatches, the authors propose using CHWs to support case man-
agement, social support, and health system navigation (Hsu et al., 2016). 
CHWs would address multiple barriers faced in accessing the health care 
system and serve seven core roles in improving patients’ health, as detailed 
in Figure 8-2 (Hsu et al., 2016).
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FIGURE 8-2  Multiple barriers can be addressed by CHWs for SCD.
SOURCE: Hsu et al., 2016.

There is evidence from the literature indicating that it may be effective 
to use CHWs to support and manage care for individuals with other chronic 
conditions, but there is very limited evidence for the SCD population 
(Otero-Sabogal et al., 2010; Rhodes et al., 2007; Rosenthal et al., 2010).

Examples of CBOs and Patient Advocacy Groups  
and Services Provided

The capabilities and activities at CBOs and patient advocacy groups 
vary greatly. This section provides an overview of select CBOs and groups 
that are recognized for their active programming and patient advocacy ef-
forts in the SCD population. Because there is little research and few publi-
cations on the contributions of such CBOs, the groups described here were 
identi�ed through open session speaker remarks, information provided to 
the committee and National Academies team, and discussions with relevant 
stakeholders. Information on the groups’ activities was drawn from the 
public information on their websites.

Sickle Cell Disease Association of America

SCDAA was founded in 1971 as the National Association for Sickle 
Cell Disease (it updated its name in 1994). The association’s mission is 
“to advocate for people affected by sickle cell conditions and empower 
community-based organizations to maximize quality of life and raise 
public consciousness while advancing the search for a universal cure” 
(SCDAA, 2019). SCDAA has a network of state and local af�liated member 
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organizations that are independent CBOs, which it works with to advance 
its mission (see Appendix K).

SCDAA supports a number of programs, including the CHW training 
program, a leadership academy that provides leadership skills, organiza-
tional effectiveness, and technical support for member CBOs, and also the 
National Sickle Cell Advocacy Network, which educates and empowers 
patients, families, caregivers, clinicians, stakeholders, and experts who are 
themselves affected by the disease or who want to advocate, educate, and 
help people living with SCD. The organization hosts an annual convention, 
which has been running for more than four decades and offers a platform 
for collaboration for more than 300 attendees (CBO member organiza-
tions, individuals living with SCD and SCT, health care professionals, and 
researchers) to share and learn from each other. SCDAA also developed Get 
Connected, the �rst patient-powered registry.

SCDAA is funded by a variety of sources, including federal grants, 
such as HRSA’s Sickle Cell Disease Newborn Screening Follow-Up Pro-
gram, which provides the resources for the organization to work with 
CBOs across the country in order to improve access to quality care for 
the SCD population, and it has strategic partnerships with various other 
philanthropic organizations. A major SCDAA initiative is the organization’s 
national advocacy day, where the community works strategically on legisla-
tion that will foster improved research and access to care.

Sickle Cell Disease Foundation of California

The Sickle Cell Disease Foundation of California (SCDFC), founded 
in 1957, was the �rst social service nonpro�t founded to focus on the 
needs of the SCD population (Sickle Cell Disease Foundation, n.d.). 
Perhaps because of its longevity, the SCDFC offers a strong model of suc-
cessful patient advocacy at the state level. SCDFC works collaboratively 
with the Center for Inherited Blood Disorders (CIBD), a safety net clinic 
in southern California that provides health care services for individu-
als with blood disorders. SCDFC and CIBD successfully advocated for 
adding $15 million to the state budget speci�cally to establish compre-
hensive sickle cell centers. Using data from their involvement in the CDC 
Sickle Cell Disease Data Project (CDC, 2019a), SCDFC spearheaded the 
advocacy efforts. It also led efforts by participating in the Paci�c Re-
gional Sickle Cell Collaborative, one of �ve regional grantees funded by 
HRSA as part of the U.S. Sickle Cell Disease Treatment Demonstration 
Program, to expand access to health care through the establishment of 
the MLK Jr. Outpatient Center for Adults with SCD (Sickle Cell Disease 
Foundation, n.d.). SCDFC provides support services, patient education, 
and public awareness and fundraising activities; it works according to an 
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established, highly effective model that can offer insights for other patient 
advocacy groups.

Sickle Cell Foundation of Georgia

Camp New Hope really keeps a lot of kids together; 
it keeps them feeling as though there is family, a community for us, 

that we all have something.

—Gregory G. (Open Session Panelist)

Since 1971 the Sickle Cell Foundation of Georgia (SCFGA) has served 
individuals with SCD and SCT in a variety of ways. In 2018, SCFGA 
provided services to 2,067 individuals in 64 counties across the state 
(SCFGA, 2018), including care coordination through the use of CHWs, 
assistance with applying to federal programs, testing and counseling to 
individuals with SCT, support groups, health fairs, and awareness events 
targeting the broader community. The Sickle Cell Road Race/Walk at Wel-
come All Park in Atlanta has been an annual awareness and fundraising 
event since 1979. SCFGA has a mobile trait testing unit, �rst donated by 
baseball legend Hank Aaron in 1973, which serves the entire state, provid-
ing access to trait testing and genetic counseling to rural areas.

Part of SCFGA’s mission is to provide education, awareness, and sup-
port to health care providers of all categories (physicians, advanced practice 
providers, nurses, residents, and medical students) through its partnerships 
with Emory University, Children’s Healthcare of Atlanta, and the Morehouse 
School of Medicine. It has developed a robust pediatric-to-adult transition sup-
port services program, working collaboratively with the Children’s Healthcare 
of Atlanta hospital and Grady Hospital SCD program to facilitate the educa-
tion and engagement of young adults who are transitioning into adult care.

This initiative has been expanded to include support for youth beyond 
the transition age, whom it has mentored and trained to support its mis-
sion and objectives, including its role as a co-investigator on the Patient-
Centered Outcomes Research Institute–funded transition study. It recently 
launched an initiative to build capacity among non-specialty providers 
to treat individuals with SCD in Georgia using a structured continuing 
medical education webinar and in-person curriculum and by broadly dis-
seminating the American Society of Hematology pocket guides for SCD 
clinical practice and various informational sheets about SCD therapies, 
such as hydroxyurea and Endari. In 2015 it established a CHW program 
funded through the HRSA/SCDAA newborn screening program to pro-
vide care coordination support to help link individuals with primary care 
medical homes. It built partnerships with federally quali�ed health centers 
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located in communities with the largest access to care gaps across 75 coun-
ties in Georgia.

For more than 40 years SCFGA has hosted a camp for children with 
SCD. The �rst day camp was sponsored in 1973, and the day camps later 
became retreats and (beginning in 1990) a week-long away camp. Camp 
New Hope, which patient speakers referenced as a source of support at the 
committee’s open session meeting, is staffed by volunteers, most of whom 
are living with SCD and attended the camp in the past. In 2018 the 1-week 
camp hosted 114 participating youth. In addition to relying on volunteers 
as camp counselors, the camp also ran a 24-hour in�rmary staffed by 
25  volunteers—12 physicians, 12 nurses, and 1 social worker (SCFGA, 
2018). SCFGA also organizes charity events to promote public awareness 
and education and to advocate for legislation.

The Children’s Sickle Cell Foundation of Pittsburgh

The Children’s Sickle Cell Foundation launched a legislative agenda with 
an Advocacy Luncheon in 2009. Through the Pennsylvania Sickle Cell Pro-
vider’s Network (PASCPN), �ve CBOs work with four hospitals on issues 
directly affecting the sickle cell population across the state. PASCPN coordi-
nates efforts to educate lawmakers during the Pennsylvania Supports Sickle 
Cell Disease Advocacy Day. Each year approximately 350 attendees wearing 
bright red shirts that read “PA Supports SCD” �ock to the Pennsylvania State 
Capitol. Planning the advocacy day takes several months, and a core team 
consisting of a few representatives of the network works to reach consensus 
on the legislative priorities, talking points, program agenda, and logistics.

The Pennsylvania Legislative Black Caucus is an engaged partner and 
secures the venue for the morning press conference, lunch, and afternoon 
roundtable discussion with its key members. Each CBO arranges visits to im-
portant legislators and those representing its home district around the program 
schedule. Physicians, CBO leaders, individuals living with SCD, and parents 
and other family members meet with legislators or their staffers to speak di-
rectly from the talking points on their unique perspectives. Each meeting lasts 
about 15 minutes and usually ends with a photo of the group and legislator.

One critical aspect of this legislative advocacy effort is to be intentional 
about including a follow-up plan. The legislative of�ce provides a card with 
a follow-up contact, and it is important to reach out within a week or two 
to clarify any points or to simply offer thanks for their time and support.

In 2011 PASCPN responded to the proposed budget collapse of the 
sickle cell line item into a broader category line item, which would have 
resulted in removing dedicated funds for SCD. This issue was added to the 
legislative priorities that year, and as a result of educating both Democrat 
and Republican leaders the line item (and dedicated funding) was preserved. 
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This galvanized PASCPN, which continues to be successful in reaching and 
educating lawmakers and receiving support on issues of hydroxyurea educa-
tion and, most currently, addressing the effects of the opioid crisis on those in 
the state with SCD. Models like this help develop best practices that should 
be shared throughout the nation to help other states address these issues.

Sickle Cell Disease Association of Illinois

The Sickle Cell Disease Association of Illinois (SCDAI) was founded in 
1971. SCDAI details a list of milestones that the organization has accom-
plished, including a grant awarded by HRSA to conduct newborn screen-
ing and a memorandum of understanding with the Illinois Department of 
Public Health newborn screening program to provide follow-up services 
to parents of newborns with positive SCD or SCT results. SCDAI also 
partners with the University of Illinois at Chicago sickle cell centers to pro-
vide free hemoglobinopathy screenings to more than 500 families, disease 
self-management training for individuals with SCD, and care coordination 
training for parents of children with SCD. The organization undertakes 
philanthropic and charity events, such as bowling and gol�ng tournaments, 
to raise awareness and runs an annual toy drive and holiday event to pro-
vide gifts to more than 5,000 children living with SCD (SCDAI, n.d.).

Sickle Cell Disease Association of America, Michigan Chapter, Inc.

The Sickle Cell Disease Association of America, Michigan Chapter, Inc. 
(SCDAAMI) provides education, social work, and care coordination services. 
The organization works with a psychologist and social worker at the Chil-
dren’s Hospital to help patients access appropriate services, including career 
planning, and to navigate relevant SSA programs. SCDAAMI also has camps 
for children aimed at fostering independence, and it receives funding from 
HRSA to run the newborn screening program in the state. The organization 
has several support and wellness programs for adolescents living with SCD, 
including Project Enrich (which provides tutors for students twice per week 
as well as offering nutritional education, yoga, and other wellness activities), 
and the organization also offers homework aid for hospitalized children. 
SCDAAMI has prepared information to educate legislators. In addition to 
receiving federal funding for speci�c programs, SCDAAMI organizes annual 
fundraising activities, such as walks for SCD (SCDAAMI, n.d.).

Sickle Cell Association of Texas Marc Thomas Foundation

The Sickle Cell Association of Texas Marc Thomas Foundation of-
fers care coordination and case management services, including health, 
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transportation, basic needs assistance, emergency �nancial assistance, and 
counseling (Sickle Cell Association of Texas Marc Thomas Foundation, 
n.d.). The organization also runs a variety of free camps targeted at differ-
ent age groups, including Camp Next Level, described as a 4-day intense 
transitional program for 15- to 19-year-olds. The foundation also provides 
medical case management, screening and education for trait and disease 
status, and education to professionals (such as social workers, clinicians, 
and teachers) on stigma, prejudice, mental health, and ethics.

Sickle Cell Community Consortium

SCCC is a relatively young organization that originated in the 2014 
Patient-Focused Drug Development Initiative from the U.S. Food and Drug 
Administration (FDA). The consortium was formed to “harness and am-
plify the power of the patient voice” (SCCC, n.d.). The consortium, in 
partnership with its sister organization, Sickle Cell Warriors, acts as an or-
ganizing entity for SCD CBOs, patient and caregiver advocates, community 
partners, and medical and research advisers, with the goal of having them 
work together to identify needs and gaps in the SCD community, strategies 
to address those needs, and the partners best positioned to implement those 
strategies (SCCC, n.d.). SCCC’s activities are educational, and its constitu-
ents are primarily individuals and CBOs that liaise directly with the SCD 
population. The consortium’s annual leadership summit convenes patients, 
caregivers, and CBOs to engage in training opportunities and lectures that 
are designed to equip and empower them in their advocacy work. The 
consortium also organizes the annual Sickle Cell Warriors Convention, 
with input from the patient community, which is designed to educate and 
empower patients, and also Warrior University, an online repository of 
educational resources that the SCD population and caregivers curate for 
the general public. It is unclear from publicly available information how 
the consortium funds its activities, but its annual meetings are sponsored 
and supported by industry partners and federal agencies.

Summary

The organizations detailed above have made enormous strides in their 
states in advancing the policy priorities for the SCD population, and they 
are making an impact in local SCD communities. Local awareness activities, 
such as charity walks, runs, and golf outings (especially during September, 
which is National Sickle Cell Disease Awareness Month, and June, which 
includes June 19 as World Sickle Cell Day), have still not managed to gar-
ner as much national momentum for SCD awareness as has happened for 
other diseases. This could be attributed to the fact that there is little to no 
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coordination among national, state, or local organizations. In addition to 
the state and local SCD agencies listed on the SCDAA and CDC National 
Resource Directory and in Appendix K, there are many more advocacy 
groups online, leveraging the power of social media to spread awareness 
and provide patient support and education to thousands of individuals with 
SCD and their families.

Individuals with SCD and Their Families Advocating for Themselves

As far as empowerment, �rst it starts with you.

—Unknown (Open Session Participant)

Self-advocacy is the act of communicating one’s needs within the scope 
of the issue at hand in order to have them met in a timely and appropriate 
manner (Ramos Salazar, 2018; Wiltshire et al., 2006). This can be applied 
in every aspect of life: educational, social, medical, and employment. Suc-
cessful self-advocacy is based on building effective relationships with the 
various stakeholders who can in�uence or meet these needs. In the SCD 
community, individuals with SCD are often not viewed as “advocates” 
unless they speak at a conference or participate in a steering committee or 
professional or governmental working group. However, this belief is mis-
guided; individuals and sometimes their caregivers may be best positioned 
to represent their own needs and preferences. Self-advocacy is effective 
because individuals understand their disease, know their body, and can ar-
ticulate their symptoms, which sometimes may lead to the right diagnosis, 
pain relief, treatment of the underlying medical condition, and appropriate 
enabling services to improve QOL (Ramos Salazar, 2018; Wiltshire et al., 
2006). For a caregiver’s perspective, see Box 8-1.

Developing self-advocacy skills should begin early in childhood and con-
tinue throughout the life course. As discussed in Chapter 2, health literacy 
limitations, socioeconomic status, race, ethnicity, stigma, and discrimination 
are all potential impediments to effective self-advocacy for persons living 
with SCD. These obstacles are further reinforced by the general power imbal-
ance within the health care system, where the power lies with the physician 
or other health care provider. Even in the realm of “patient-centered care,” 
where the patient is the key member of the care team, the existing culture 
means that patients and their families do not have an equal voice in the 
decision-making process. The medical team is perceived and purported to 
be in charge, and it ultimately makes the key decisions, thus minimizing the 
emphasis on patient engagement and shared decision making in care delivery.

Another barrier to self-advocacy may be that at the point of care, in 
either the emergency department or the hospital, the individual with SCD 
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may be too incapacitated to be effective. Even when individuals with SCD 
attempt to effectively self-advocate, they may be disbelieved or referred to 
as dif�cult or non-compliant, particularly with respect to pain management. 
It is not unusual for well-informed and activated individuals to share their 
individualized pain management plans with providers and, rather than be 
applauded for being actively engaged and invested in their chronic disease 
care, be accused of drug-seeking for requesting a speci�c pain medication, 
dose, and interval of administration.

The committee was unable to �nd any studies on self-advocacy in the SCD 
population. However, the patient and panelists meetings at the committee’s 

BOX 8-1 
A Caregiver’s Story

Andrea M.

	 As a mother of a child with sickle cell disease (SCD), I had a lot of 
questions about how services were provided to me and my family, stem-
ming from my experience the moment that I received a phone call with 
the diagnosis of SCD for my youngest son. Something just didn’t seem 
right with receiving a phone call with this incredibly disturbing news. I 
thought many times that there had to be a more sensitive way to deliver 
that message. As I tucked those feelings away, they never left me. As I 
look back, I realize the desire to change that one, very important mo-
ment. Later, as I sat in a class at the University of Pittsburgh as a member 
of the Parent’s Consortium for Advocacy and Change, I learned that what 
I was feeling wasn’t new, but it was exciting. This class was for parents 
of children with special needs who saw a systems-level need but lacked 
the experience needed to make signi�cant change. There were about 
15�parents who participated in the class. What I didn’t realize right away 
was [that] the feeling that I had about SCD was common among other 
families of children who were facing a number of challenges, from autism 
to learning disabilities, and what we all had in common was �nding our 
Voices, both individual and collective. I was searching for my Voice. The 
�rst book on my reading list was Stick Your Neck Out: A Street-Smart 
Guide to Change in Your Community and Beyond. I will never forget 
the call to action and the feeling of empowerment that rushed over my 
entire body as I turned each page of the self-guided manual. I became 
determined to learn as much as I could about SCD, from the health care 
providers who cared for my child to the other parents that I met in the 
waiting area of the sickle cell clinic. I learned that true advocacy begins 
with knowledge and awareness of the issues facing individuals living with 
SCD, their families (not just my own), [and] understanding the systems 
of care and the challenges that the medical teams were facing in order 
to care for persons with SCD. I gained knowledge, tools, and con�dence 
to impact the sickle cell world.
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open sessions underscored the resilience of individuals with SCD, as many 
of them have been able to leverage their diagnosis to become advocates for 
themselves and others with the disease. Research from the general patient 
population shows that patient self-advocacy is a predictor of patient satisfac-
tion and is an essential skill in chronic disease management (Ramos Salazar, 
2018; Wiltshire et al., 2006). One study, however, found that the African 
American women in the study sample were less likely to advocate for them-
selves than white or Hispanic women by discussing health information that 
they have obtained with their providers, highlighting an opportunity to equip 
patients to be better self-advocates (Wiltshire et al., 2006).

Other Organizations Addressing the Needs of the SCD Population

There are myriad other stakeholders that may not be formally recog-
nized as SCD patient advocates but whose functions may confer the same 
bene�ts of patient advocacy. For example, health care professional associa-
tions may also seek to promote the well-being and interests of the patient. 
One example of this in SCD is the American Society of Hematology (ASH) 
Sickle Cell Disease Coalition (SCDC)—a disease-focused initiative to ad-
dress the burden of SCD, both in the United States and globally. ASH es-
tablished SCDC in 2016 to “help amplify the voice of the SCD stakeholder 
community, promote awareness, and improve outcomes for individuals 
with SCD” (ASH, 2017). SCDC is made up of multiple stakeholders in 
the SCD sphere, including patient advocacy groups. ASH’s activities are 
multifaceted and include SCD community engagement workshops and fo-
cus groups (individuals with SCD in eight cities around the United States) 
to inform a handbook on the appropriate design and conduct of patient-
centered clinical trials (from communications with ASH staff).

Patient advocacy groups that are not speci�c to SCD but that advocate 
for individuals with rare and inheritable diseases also contribute to the advo-
cacy efforts for SCD. According to its website, the National Organization for 
Rare Diseases (NORD) works with its approximately 280 patient member 
organizations to offer education, advocacy, research, and patient services, 
with the goal of identifying, treating, and curing rare diseases, including 
SCD. In addition to advocating for legislation for rare diseases and provider 
education, NORD offers patient-speci�c programs, with education for pa-
tients and families, and patient services, such as �nancial assistance for drug 
access and travel and lodging assistance for clinical trials (NORD, 2020).

The Genetic Alliance is another national organization that supports 
individuals, families, and communities affected by rare genetic diseases. It 
advocates for these rare disease populations and connects individuals to ad-
vocacy outlets that help make their voices heard. The Genetic Alliance has 
a research arm that ensures that patient groups and activated communities 
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are truly leading and driving the research effort. It supports its own bio-
bank, institutional review board, patient registry, and engagement platform 
and provides education and advocacy support for organizations to foster 
participants becoming research drivers.

CHALLENGES FACED BY SICKLE CELL 
ADVOCATES AND GROUPS

Individuals and organizations advocating for the population of indi-
viduals living with SCD face several obstacles that may limit their effective-
ness in accomplishing their goals. The �rst obstacle, which was alluded to 
earlier in this chapter, is that many of these organizations operate at the 
local level and in silos and are thus unable to effect change at the broader 
level. Currently, none of the SCD CBOs or patient advocacy groups are 
empowered to in�uence change for all aspects of the population’s needs, 
in contrast with groups focused on hemophilia and cystic �brosis (CF), as 
discussed later in this chapter. The other barriers pertain to a lack of human 
and �nancial resources.

Financial Sustainability

To diversify funding sources for CBOs and SCD advocacy groups, 
“outreach has to be deliberate and focused.”

—Derek R. (Open Session Panelist)

The sources of funding for SCD CBOs and patient advocacy groups are 
few and fail to provide sustainability. These organizations may be funded 
by federal grants, state entities, the pharmaceutical industry, or charitable 
events (see Figure 8-3).

Some CBOs and patient advocacy groups receive funding from the 
federal government in the form of grants for speci�c projects. In 2017, 
SCDAA was awarded a $11.6 million, 4-year grant through HRSA (HRSA, 
2016); SCDAA also works as the National Coordinating Center to pro-
vide technical assistance to 15 CBOs that are sub-awardees to the HRSA 
grant. The CBOs, including SCFGA, SCDAA–Mobile Chapter in Alabama, 
OSCHA, and the Children’s Sickle Cell Foundation, collaborate with other 
organizations in their states to conduct newborn screening follow-up to 
ensure that individuals diagnosed with SCD are appropriately referred to 
and are receiving necessary services, such as counseling, education, and 
other enabling services (SCDAA, n.d.). Grants such as HRSA’s newborn 
screening follow-up program are time-bound, so there is no continuity, and 
funding for the programming ends when the grant period does, fostering 
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discontinuity if grants are not renewed. HRSA also funds the �ve regional 
collaboratives through the Sickle Cell Disease Treatment and Demonstra-
tion Program. Each collaborative is composed of a range of partners, 
including CBOs working on the grant goals of improving access to high-
quality comprehensive SCD care, provider training, and data collection on 
SCD quality metrics (PSCRC, 2019).

Collaborative efforts between the two groups are dif�cult to discern. 
The role of CBOs within SCDTDP varies across the �ve regional collabora-
tives. Grant support is usually allocated for speci�c programs and does not 
pay for hiring staff or capacity building. The funding available to CBOs 
through these grants is limited, which promotes competition. The federal 
grant process also excludes many CBOs because they do not have the ap-
propriate �duciary infrastructure or staff with the grant writing skills to 
develop a competitive application in response to a call for proposals.

Some CBOs and patient advocacy groups receive state funding, includ-
ing SCFGA (Georgia), Piedmont Health Services and Sickle Cell Agency 
(North Carolina), and SCDAAMI. Most state funds are also for speci�c 
programs and do not facilitate capacity building to support the myriad of 
other services needed by the local SCD population.

The pharmaceutical industry is also a funding source for several SCD 
CBOs and advocacy groups. Most often, these organizations provide sup-
port for speci�c programs, such as conferences or workshops. For instance, 

FIGURE 8-3  Funding sources for SCD patient organizations.
NOTE: Funding from the sources is not proportional.

Chapter 8:

Figure 8-3: Funding Sources for SCD Patient Organizations

Philanthropy Government

Pharmaceutical
Industry

Grants & 
Research

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

COMMUNITY ENGAGEMENT AND PATIENT ADVOCACY	 375

PREPUBLICATION COPY—Uncorrected Proofs

SCDAAMI lists Sano�, Genzyme, Emmaus, P�zer, and other pharmaceuti-
cal companies as sponsors on its website (SCDAAMI, n.d.). Certain phar-
maceutical companies also have set aside funds that they make available to 
CBOs through competitive grants. The Access to Excellent Care for Sickle 
Cell Patients Pilot Program through Global Blood Therapeutics (GBT) is 
one such example; it provides up to $50,000 during a 12-month period to 
CBOs and patient advocacy groups serving individuals with SCD and their 
families with the aim of piloting a variety of models to deliver high-quality 
health care (GBT, n.d.). Pilots may be focused on expanding CBO capacity 
by partnering with federally quali�ed health centers, improving transition 
from pediatric to adult care, and innovative training programs for clini-
cians. Novartis also announced the Solutions to Empower Patients (STEP) 
program in 2018, which provided up to $50,000 to encourage CBOs, pa-
tient advocacy groups, and other entities to innovate. The preceding year’s 
STEP grants were targeted at organizations for metastatic breast cancer 
(Novartis, 2018), indicating that the funding source is not speci�c to SCD 
and likely not a long-term source of funding. Some have highlighted the 
inherent con�ict that CBOs and SCD patient advocacy groups face in rely-
ing on pharmaceutical companies because the funds may not support their 
programmatic needs. Finally, CBOs and patient advocacy organizations 
may also fundraise through charity events, such as annual galas, sports 
events, and conferences.

In summary, there are a variety of ways that these CBOs and other 
nonpro�ts support their activities. These funding mechanisms are not ro-
bust, available funds are limited for a de�ned range of activities, and they 
are possibly unable to support much needed organizational development 
to help CBOs scale their services to reach more individuals. As a result, 
these funding opportunities may inadvertently lead to mission creep, frag-
mentation, and inef�ciency. It is important that SCD advocacy groups 
remain mission-focused, but this is a current challenge. Thus, there is a 
need to diversify funding sources at all levels—federal, state, and private—
and to identify dedicated sources of funding that will support sustained 
programming.

Infrastructure

Most CBOs and patient advocacy groups operate with very few staff 
and rely on volunteers for their daily operations and activities. The chal-
lenge with this model is that programming is contingent on volunteer 
availability. In 2018 SCFGA reported using 3,990 (750 non-camp) hours 
of donated time (3–100 hours per volunteer) (SCFGA, 2018). The limited 
staf�ng levels also mean that the organization may not have the necessary 
expertise for its programming, including not having enough adequately 
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trained staff to provide patient and community education, suf�cient CHWs 
to conduct outreach in the community, the necessary expertise for grant 
writing and fundraising, or other core capabilities necessary for success. 
CBOs should have access to technical support that broadens staff skills 
and services. Programs are needed to support grant writing, budgeting and 
�nances, legal counseling, client engagement, care coordination, and sup-
port for research participation.

Individual Challenges

Patient advocates may face a number of challenges as well. Some advo-
cates may be worried that their activities will disrupt their relationship with 
their health care providers. In a focus group with ovarian cancer patients, 
for example, those who wanted to self-advocate identi�ed locating relevant 
health information as one of their major challenges and also expressed hesi-
tation at taking any action that might upset their relationships with their 
health care providers (Hagan and Medberry, 2016). Yet, data suggest that 
patient self-advocacy is a predictor of patient satisfaction. A 2018 study of 
522 patients found that patients’ education about their disease and their 
ability to assert their needs positively in�uenced their satisfaction with their 
physicians (Ramos Salazar, 2018). This �nding has important implications 
for the SCD population, considering the issues with the patient–provider 
relationship that were discussed in Chapter 2. Second, advocates often carry 
out their activities in addition to their current work and life responsibilities. 
This may lead to their involvement waxing and waning over time, as they 
may have limited time or energy for advocacy activities at times. Third, 
advocates living with SCD may �nd that their health affects their ability to 
participate in advocacy activities.

MODELS OF PATIENT ADVOCACY FROM  
OTHER RARE DISEASES

Two diseases referred to throughout this report, hemophilia and CF, 
offer valuable models for patient advocacy and community engagement 
for the SCD population. However, the trajectory of these diseases has been 
different from that of SCD, so these models may not be entirely applicable. 
Some of what distinguishes these diseases from SCD is the minimal role the 
pharmaceutical industry has played in SCD, in part because the mainstay 
drugs for the disease (penicillin and hydroxyurea) were generic when ad-
opted for SCD. Both hemophilia and CF provide important examples about 
patient advocacy for rare diseases.

Chelation therapies are the primary agents developed in the past 
two decades in which the SCD community has interacted directly with 

http://www.nap.edu/25632


Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

COMMUNITY ENGAGEMENT AND PATIENT ADVOCACY	 377

PREPUBLICATION COPY—Uncorrected Proofs

the pharmaceutical industry. It is worth considering how patient advocacy 
has contributed to the awareness, funding levels for research and patient 
services, and improvements for individuals living with the conditions and 
addressing components that could pertain to SCD.

Hemophilia

Hemophilia is an inheritable blood disorder that prevents the blood 
from clotting, ultimately causing severe bleeding from any minor injury. 
Because hemophilia has no cure, it requires constant, high-quality care 
from providers at hemophilia treatment centers (HTCs), which are partially 
funded by CDC, HRSA, MCHB of HRSA, and other federal agencies. The 
pharmaceutical industry has partnered with the hemophilia organizations 
for more than four decades in developing agents to ameliorate hemophilia 
complications. CDC funding supports programs for research, surveillance, 
and prevention for bleeding and clotting disorders (NHF, 2020d). HTCs 
are unique in that they provide comprehensive specialty care for hemo-
philia and related disorders and also function as an additional resource 
for a primary care physician, dentist, or other specialist to ensure best care 
practices. HTCs provide genetic counseling, medical and psychosocial care, 
and other services to patients and their families.

The Hemophilia Patient Advocacy Model

The hemophilia patient support landscape is dominated by four well-
known organizations: the National Hemophilia Foundation (NHF), the 
Coalition for Hemophilia B, the Hemophilia Federation of America (HFA), 
and the World Federation of Hemophilia (WFH) (Azevedo, 2017). As its 
name suggests, the Coalition for Hemophilia B focuses on treatment and 
improving the QOL for individuals with hemophilia B. The discussion in 
this section focuses on the other three organizations whose efforts are tar-
geted at individuals with all forms of hemophilia.

Global efforts  WFH, which leads global advocacy efforts for hemophilia, 
was established in 1963 to improve care and treatment globally. The found-
ing patient associations for WFH included groups from Argentina, Australia, 
Belgium, Canada, Denmark, France, Germany, Japan, the Netherlands, 
Sweden, the United Kingdom, and the United States (WFH, 2020b). WFH 
established its global presence when it became a member of the World 
Health Organization in 1969. In 2019 WFH had programs in 22 coun-
tries (excluding the United States) in 6 regions of the world, with objec-
tives organized around the six key areas in its comprehensive development 
model: government support, care delivery, medical expertise and laboratory 
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diagnosis, treatment products, patient organization, and data collection and 
outcomes research (WFH, 2020a). WFH’s work in the United States is con-
ducted through WFH USA, its U.S. af�liate. The two entities collaborate on 
the other WFH programs: humanitarian aid, research and data collection, 
and training and education. As part of the humanitarian aid program, WFH 
distributes donated pharmaceutical products to individuals with hemophilia 
in developing nations. The World Bleeding Disorders Registry (WBDR), a 
longitudinal, prospective patient registry that provides patient-level clinical 
and outcome data, was established in 2018 as part of WFH’s research and 
data collection efforts. WBDR issued its �rst report in May 2019 (WFH, 
2020c). WFH uses WBDR data collected to strengthen its efforts to educate 
key stakeholders and generate awareness about the needs of the hemophilia 
population (WFH USA, 2020). Finally, WFH training and education efforts 
focus on training health care professionals and community leaders through 
workshops delivered primarily through its eLearning platform.

WFH and WFH USA’s work is bolstered by in-kind medication and 
�nancial donations by partners such as Sano� Genzyme, Sobi, CSL Behring, 
GC Pharma, and Grifols (WFH USA, 2018). Products donated to WFH and 
WFH USA in 2018 totaled approximately $378 million. Financial dona-
tions from corporate and community partners in 2018 totaled approxi-
mately $1.57 million (WFH USA, 2018). WFH USA partners with members 
of NHF through the NHF Chapter Challenge, which asks NHF chapters to 
provide support for the WFH humanitarian aid program. Since its launch in 
2016, the NHF Chapter Challenge has raised $482,462 (WFH USA, 2018).

Efforts in the United States  The other two main organizations work-
ing to support individuals with hemophilia in the United States are NHF 
and HFA. Established in 1948, NHF is the oldest organization advancing 
awareness and promoting better treatment and cures. It is believed to have 
made substantial contributions to improving awareness for hemophilia, 
including advocating for more resources for research, encouraging access 
to high-quality care, and providing patient and family support.

When the organization was established, the life expectancy for hemo-
philia was approximately 30 years; with access to appropriate therapy, life 
expectancy is now normal. NHF has a national, state, and local presence 
through its 51 nationwide chapter af�liates, 7 of which are owned by the 
foundation (NHF, 2017).

At a broader level, NHF and chapter organizations’ activities focus 
on ensuring better treatments and a cure for inheritable bleeding disorders 
through education, research, and advocacy. NHF has initiatives in state 
and federal legislation on access to health care, payer education, educating 
workers and the public, and other advocacy issues. The foundation also 
promotes shared decision making between physicians and patients, family 
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support networks that pair patients with mentors for peer support, com-
munity groups that provide support and education, and self-infusion. At 
the state level, NHF monitors issues of priority to the hemophilia popula-
tion, such as Medicaid-managed care to ensure that costs remain affordable 
(NHF, 2020a,f). It also provides training and strategic planning courses to 
state hemophilia chapters and coalitions.

NHF has been instrumental in advancing the organization and deliv-
ery of high-quality care nationwide. In 1973 NHF spearheaded a 2-year 
campaign that led to creating the network of comprehensive HTCs (NHF, 
2020b). Currently, there are 141 HTCs that are part of the U.S. Hemo-
philia Treatment Center Network providing comprehensive care to indi-
viduals with hemophilia throughout the United States and its territories 
(CDC, 2018a) (see Chapter 5 for the hemophilia care model). Since 1974, 
Congress has supported the HTCs through HRSA to provide “comprehen-
sive multidisciplinary services not typically covered by insurance, such as 
physical therapy assessments, social work, and case management services,” 
and through CDC to “support research, surveillance, and prevention for 
bleeding and clotting disorders, including hemophilia” (NHF, 2020d). The 
NHF Medical and Scienti�c Advisory Council (MASAC), a group of expert 
scientists, physicians, allied health professionals, patients, and government 
liaisons from the relevant federal agencies within the U.S. Department of 
Health and Human Services, advances the standard of clinical care and is-
sues treatment recommendations for all bleeding disorders (NHF, 2020c). 
“MASAC guidelines [issued as recommendations] set the standard of care 
and are frequently referred to by an international array of physicians, medi-
cal schools, pharmacists, emergency room personnel, insurance companies, 
patients, and others” (Skinner et al., 2014, p. e545).

NHF also promotes the interests of individuals with hemophilia and 
their families by partnering with af�liated chapters to develop policy 
agendas at the federal and state levels on issues pertaining to “improved 
access to high-quality medical care, a safe blood supply, access to the full 
range of safe and effective treatments, adequate reimbursement at the 
public and private levels, and expanded federal funding for hemophilia 
treatment centers” (NHF, 2020c). These agendas are used to guide the or-
ganization’s educational, policy making, and public awareness campaigns 
and other activities. NHF supports chapters in serving their local communi-
ties, including liaising to build relationships between chapters and HTCs, 
providing grants for educational programs and staf�ng, and assisting with 
grant writing. NHF also offers national, regional, and local training to 
chapters (NHF, 2020c).

According to its 2017 �nancial statements, NHF’s activities are funded 
primarily by pharmaceutical companies (82 percent of revenues) (NHF, 
2018), and the organization has reported net assets of $23,210,450.
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HFA was established in 1994 to “address the evolving needs of the 
bleeding disorders community” (HFA, n.d.), triggered by the contamina-
tion of blood products in the late 1970s through mid-1980s with HIV 
and HCV, which posed a particular burden for individuals with bleeding 
disorders. In the 1980s approximately 90 percent of people with severe 
hemophilia were infected with HIV, and almost all people living with he-
mophilia who used factor products before 1988 were infected with HCV, 
complicating their care (HFA, n.d.). HFA’s goal was to create a voice for 
the patient in light of this devastation to the hemophilia population. Many 
of HFA’s programming and educational activities mirror those undertaken 
by NHF. In fact, the majority, if not all, of the 40 state and local CBOs 
that are HFA members are also part of NHF. NHF and HFA release joint 
statements on key policy issues pertaining to the hemophilia population 
and in accordance with their missions. The reported net assets for HFA in 
2017 were $5,422,183 (HFA, 2017). In 2010 the HFA board of directors 
reversed the association’s stance of refusing funding from pharmaceutical 
companies producing therapeutic products for hemophilia; it currently lists 
Takeda, Genentech, Bayer Healthcare, CSL Behring, Novo Nordisk, Sano� 
Genzyme, HEMA Biologics, Kedrion Biopharma, and P�zer Rare Disease 
among its top supporters.

Key Takeaways from Hemophilia Patient Organizations for SCD

There are factors that have contributed to the effectiveness of CBOs 
and national organizations serving the hemophilia population. Some of 
these may not immediately be applicable to SCD organizations, but hemo-
philia organizations had to overcome challenges with public awareness, 
patient and provider education, lack of funding, and accessing high-quality, 
comprehensive care similar to those that now confront the SCD population, 
so there are some worthy takeaways that could inform the patient advocacy 
landscape for SCD.

De�ned leadership and concerted efforts There are several organizations 
working independently to promote research, education, and care and to 
meet the overall needs of individuals with hemophilia, but the three organi-
zations discussed in this section emerge as leading these efforts in the United 
States and globally. The CBOs that support the needs of children and adults 
with hemophilia and their families at the state and local levels also work 
closely with these organizations to ensure a uni�ed voice in messaging and 
education to policy makers, providers, and other relevant stakeholders. 
NHF is also in�uential in informing high-quality care through MASAC, 
which sets clinical guidelines. The coordinated efforts of hemophilia or-
ganizations are evident even at the state level. The Hemophilia Council 
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of California was created by incorporating four California hemophilia 
organizations that desired to be uni�ed in their activities and goals and 
to represent their constituents with one voice (Hemophilia Foundation of 
Northern California, 2020). SCD CBOs and their patient advocacy efforts 
are currently siloed, with no organizational model of how the national, 
state, local, and virtual organizations are working together to address the 
shared goal of advancing important issues. The result is duplicated efforts, 
diversi�cation of the limited resources that exist, and a lack of a uni�ed 
voice and message in support of the SCD population.

Funding  In 2018 there were an estimated 28 different hemophilia drugs 
available in the United States, with another 21 in development (Terry, 
2018). The number of pharmaceutical companies engaged in therapeutic 
development for hemophilia is a source of support for the relevant CBOs 
and patient advocacy groups. The public awareness that hemophilia has 
gained over the decades has also translated into additional �nancial support 
for research and other activities.

In contrast, most funding for SCD patient advocacy is from federal 
sources in the form of grants for speci�c projects rather than organizational 
development, capacity building, and programming. Some pharmaceutical 
companies, such as GBT and Novartis, are funding SCD CBOs’ work, 
but these funds are still limited, competitive, and available to only a few 
organizations. There is the potential for diversi�ed sources of �nancial 
support—both private and federal—for SCD patient organizations. Public 
awareness, education, and understanding of SCD and the burden on the 
community could generate more private-sector support for SCD organiza-
tions. As mentioned, the lack of a de�ned model of organization and cen-
tralized leadership for SCD CBO efforts is a potential impediment.

Role within the care delivery system for hemophilia Creating HTCs and 
the de�nition of standards of care delivered by HTCs established hemo-
philia CBOs as part of the hemophilia ecosystem. Standards and Criteria 
for the Care of Persons with Congenital Bleeding Disorders, published by 
NHF’s MASAC, identi�es opportunities to engage CBOs in health care 
(NHF, 2002). For example, the standards call for enhanced communica-
tion between the health care team and patients, consultants, primary care 
physicians, and other community-based health care workers to support the 
patient’s needs; for the establishment of a community network to link CBOs 
with HTCs to maximize resources and minimize duplication of services; 
and for referrals from HTCs, with the consent of the patient, to social 
services and CBOs that are positioned to address basic human needs, such 
as food, clothing, and transportation (NHF, 2002). Currently, SCD CBOs 
operate in parallel with the health care system. Health system–based social 
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workers and CHWs provide supportive functions to individuals living with 
SCD, but most are also mired in administrative activities, care for a full 
panel of patients, and are unable to dedicate suf�cient attention to SCD 
individuals’ needs. CBOs and their staff are best positioned to support their 
patients as they transition out of the health care system into the community. 
However, there is a void between the health system and the community-
based resources that partially results from the lack of a uni�ed effort among 
organizations serving the SCD population, thereby making it dif�cult to 
identify the appropriate CBOs for handoff. A well-de�ned model of orga-
nization for CBOs and other organizations will streamline efforts and offer 
guidance for how to leverage their capabilities in the comprehensive care 
model proposed by the committee in this report.

Policy and historical impetus for action  Finally, it is worth noting that 
several policy and historical events have contributed to the effectiveness of 
hemophilia patient advocacy and community groups. Congress authorized 
funding in 1975 to establish comprehensive hemophilia clinics, which was 
later expanded; that was in�uenced by—but also spurred on—the efforts 
to improve care and outcomes. The AIDS and hepatitis C crises in the 
later 1970s and the 1980s also galvanized efforts by creating urgency for 
improved testing for clotting agents and empowering individuals living 
with hemophilia and communities to advocate for themselves (Baker et al., 
2005). These events cannot be replicated for SCD, but SCD may be at a 
tipping point. CBOs and patient groups are best positioned to engage with 
the efforts related to several therapeutic products in the pipeline, the move 
for universal curative therapies (which will necessitate patient and provider 
education about scienti�c developments to inform treatment decision mak-
ing), and the need to ensure access to bene�cial therapeutic products that 
will soon arrive on the market.

Cystic Fibrosis

The CF community is small but highly active, thanks in part to the na-
tional patient advocacy group. The Cystic Fibrosis Foundation (CFF) was 
established in 1955, when affected individuals were not expected to survive 
childhood. As of 2012, life expectancy was approximately 41 years because 
of CFF’s activities to �nd a cure and prolong healthy lives (CFF, n.d.f; 
Mogayzel et al., 2014). CFF leads efforts to improve care, to increase ac-
cess to bene�cial therapies, to increase public education and awareness, and 
to improve the delivery of support services. CFF differs from other patient 
advocacy groups in that it directly oversees aspects of the care organization 
and of the delivery, data collection, therapeutic product development, and 
services for health-related social needs.
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The CF Care Center Network was established in 1961 when the CFF 
accredited two CF centers based on criteria established by its center com-
mittee, which developed the standards for care, research, and teaching that 
each center must implement and sustain for accreditation. These require-
ments included a team of experts to treat inpatient and outpatient clinical 
needs, implementing care guidelines developed by CF clinical experts, and 
treating people with CF to improve the knowledge of the center’s medical 
team (Mogayzel et al., 2014). In 2019 there were more than 130 care cen-
ters (CFF, n.d.b), which are reviewed each year and undergo periodic visits 
from the center committee to maintain accreditation. CFF also funds care 
centers to enable them to participate in clinical research and in training 
multidisciplinary care teams about clinical best practices.

In 1966 CFF created a patient registry to collect data with which to 
track the impact of the CF care standards on individuals’ health. Provid-
ers at the care centers enter health data on consenting patients. Today 
the patient registry provides key information to the care centers and the 
CF community about the natural history of the disease, its complications, 
the impact of care delivery, and important clinical outcomes. This infor-
mation feeds into the creation of a learning health system, where real-time 
data are used to re�ne and improve clinical care. Factors identi�ed as 
important for survival, such as CF-related diabetes, nutrition, and lung 
function, then inform the quality improvement efforts at the care centers 
(Mogayzel et al., 2014).

CFF launched into drug development in 2000 when it provided invest-
ments to the �rst pharmaceutical manufacturer to conduct research to 
identify compounds that might alter genetic errors in people with CF (CFF, 
n.d.c). This investment began CFF’s venture philanthropy model for drug 
development. The impetus for this model was the lack of progress made 
by the late 1990s in developing therapeutic products that addressed the 
underlying cause of the disease (CFF, n.d.c). As is the case with most rare 
diseases, most pharmaceutical companies were reluctant to invest time and 
resources into clinical research to identify therapies that would bene�t only 
a small population. The venture philanthropy model was CFF’s response 
to that obstacle: funding drug development with for-pro�t companies. 
Since the initial investment, CFF has funded several biopharmaceutical 
companies, including P�zer, Genzyme, Editas, and Corbus, and invested 
$425 million to accelerate drug development for CF (CFF, n.d.c). CFF’s 
investment has led to the approval of several drugs, with many more in 
the pipeline (CFF, n.d.e). The venture philanthropy model has also funded 
CFF for further research, the care centers, and services to the CF popula-
tion. CFF enters into agreements with drug companies in which it invests to 
receive royalties related to drugs developed as a result of its funding (CFF, 
n.d.e). This model, with CFF taking the lead in funding drug development 
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and using the payoff from its investments to underwrite its activities, is 
unique because the drug development function has traditionally been kept 
separate from other functions in health care in order to protect the patient’s 
interests.

The drug development process is the main source of funding for the 
CFF. In 2014 CFF “sold royalty rights for CF treatments developed by 
Vertex for $3.3 billion” (CFF, n.d.c), making it the nation’s largest disease-
focused charity by net assets (Tozzi, 2015). In 2018 CFF also raised more 
than $80 million from the CF community in the form of charity events, such 
as walks and gol�ng (Tozzi, 2015).

CFF is actively involved in funding health-related services for individu-
als with CF and their families through its Compass program, which helps 
individuals with CF navigate insurance requirements; identify �nancial 
resources to defray copays, deductibles, and other �nancial obstacles to ac-
cessing care; apply for bene�ts, including Social Security and disability; ac-
quire legal information for employment, education, and other government 
bene�ts; and identify resources to address a variety of social determinants 
of health, including transportation to and from care, and housing, living, 
and food expenses (CFF, n.d.d).

CFF works with its 70 chapters and branch of�ces across the country to 
raise funds and support the CF community. However, it is unclear from the 
publicly available information how the chapters are organized and operate 
in conjunction with the CFF.

CFF, care centers, and chapters are actively involved in generating 
awareness and working at all levels of government to shape public policy 
and increase awareness resources. At the federal level CFF has pushed 
for expanded funding for NIH and FDA to support basic and transla-
tional research and requested greater resources for the drug approval 
process, which increases the chances of �nding a cure. At the state level, 
CFF joined forces with CF care centers and patient advocates around the 
United States to rally for programs like Medicaid to express the need for 
constructive insurance coverage policies for care and therapies. The orga-
nization spoke to lawmakers about the complications of CF and the need 
for access to the appropriate treatments. In addition, it also turned it focus 
to legislation that in�uenced health programs essential to high-quality CF 
care (CFF, n.d.a).

Public awareness of CF has been bolstered by the in�uence of high-
pro�le personalities. Canadian singer Celine Dion has been an advocate, 
dedicating her time and money to the CF community in Canada for more 
than 30 years (Global Genes, 2015). The tragic loss of her niece at the age 
of 16 to CF sparked her to become an advocate for the CF community. 
She has appeared in multiple CF campaigns and is a known advocate for 
CF newborn screening. Dion has pressed lawmakers to support efforts for 
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newborn screening through service announcements and public appearances, 
hosted bene�t concerts and galas, and donated much of her personal funds 
toward research and awareness (Global Genes, 2015). During his 2015 
State of the Union address, President Obama “cited the story of CF as an 
example of how nonpro�ts, the pharmaceutical industry, researchers, pa-
tients, and their families can work together to produce more targeted and 
effective treatments for diseases” (CFF, n.d.c).

Key Takeaways from CF Patient Organizations for SCD

The CFF model of patient advocacy is unique in its scope of activi-
ties and also re�ects a model for how patient advocacy groups can drive 
efforts in response to the perceived needs, as opposed to change being 
driven by external factors. This model is not entirely replicable because of 
the level of risk that the organization assumes. The CFF venture philan-
thropy model is now emulated by organizations for other rare diseases, 
and NIH has adopted CFF’s strategies to advance drug development for 
rare diseases.

The in�ux of pharmaceutical companies into therapeutic development 
for CF means that this approach is probably not warranted for SCD. 
However, there is an opportunity for CBOs and other organizations work-
ing to create awareness for and address the needs of the SCD population 
to actively de�ne and shape the provision of high-quality care for the SCD 
population. Some organizations, such as ASH, have taken steps by devel-
oping clinical practice guidelines for SCD care, but there is currently no 
mechanism to translate these guidelines into practice (see Chapter 6). The 
disparate efforts under way with multiple organizations are also a potential 
barrier to meaningfully in�uencing care, outcomes, and change for the SCD 
population.

OPPORTUNITIES TO MOVE FROM LOCAL 
TO SYSTEM-LEVEL CHANGE

If you’re going to advocate for something, I would advocate for 
more than minimal.

—Amy S. (Open Session Panelist)

Patient advocacy groups and CBOs clearly play an integral role in SCD, 
providing the necessary health-related services; educating individuals and 
their families, providers, legislators, and other key stakeholders; and help-
ing to generate awareness in the process. There is an opportunity to leverage 
these organizations as key stakeholders in any action to improve care and 
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outcomes, especially in delivering the comprehensive, person-centric care 
that the committee recommends. There are four opportunities to establish 
CBOs and patient advocacy groups as key stakeholders in SCD action.

Integrate CBOs and Advocacy Groups as an Integral Part 
of the Care Delivery Process

You have to have support, even if you don’t have family that 
understands, having a community of support is integral.

—Tosin O. (Open Session Panelist)

CBOs and patient advocacy groups are already actively contributing 
to the care delivery process, from the initial stages (identifying individuals 
who screened positive for SCD or SCT for clinical follow-up) to CHWs 
entering the community to assist individuals who are unable to reach care, 
to providing education to help individuals manage their care. This role can 
be strengthened through formalized handoffs from the health care system 
to the community and vice versa. Health system–based CHWs and social 
workers primarily assist individuals with navigating insurance and schedul-
ing appointments. However, their role does not extend into the community 
because they cannot follow individuals after they leave the health care sys-
tem. CBOs could take over once a person is back in the community. Formal 
handoffs will ensure that no one is lost after departing the health care sys-
tem. By having a community partner assist, individuals with SCD may also 
be able to effectively manage their care and minimize disease complications.

Leverage CBOs and Advocacy Groups to Address the 
Social Needs of Individuals Living with SCD

There is also an opportunity to leverage the strength of CBOs and ad-
vocacy groups in addressing the social and health-related needs of individu-
als with SCD and their families. Most CBOs are already addressing these 
needs but are limited in their ability to do so due to the aforementioned 
challenges.

Integrate CBOs and Advocacy Groups into 
Clinical Trials and Research Processes

It is necessary to create opportunities for advocacy groups to be an 
important part of the care delivery and research process—from helping to 
inform clinical trial design and recruitment to facilitating patient access to 
health care services.
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Standardize Structure for SCD CBOs and Patient Organizations

There is a need for a system that classi�es SCD CBOs according to the 
type and breadth of services provided. Table 8-2 categorizes the range of 
services that CBOs may provide, including advocacy and awareness (health 
fairs, SCD/SCT awareness events, national lobbying, etc.), education and 
counseling (trait testing on site, newborn screening tracking and follow-up 
referrals, health professional on site to provide complex genetic counseling), 
direct enabling (direct care coordination, transportation, funeral support, 
utilities), and a combination of any of the above. These services are ar-
ranged in tiers, with Tier A representing the highest level and breadth of 
service delivery (a CBO in Tier A could also incorporate components from 
Tiers B and C).

Classifying CBOs by their capabilities and activities also streamlines 
outreach by patients, funders, and health care systems, which are able to 
identify the patient organizations best positioned for different functions. 
Finally, a classi�cation system could eliminate the siloing of CBOs and 
SCD patient organizations by helping those performing different functions 
to learn from each other and share best practices. The absence of a uni�ed 
voice is one reason for a lack of meaningful impact at broader level for 
SCD advocacy groups.

SUMMARY

This chapter summarizes the historical context surrounding the es-
tablishment of the SCD CBO and patient advocacy groups for SCD and 
describes the evolving landscape of SCD CBOs, with a combination of the 
traditional CBO model, hybrid models that include individual advocates 

TABLE 8-2�Proposed Classi�cation System for Strati�cation of Services Provided 
by an SCD CBO

Advocacy and 
Awareness

Genetic Counseling and 
Screening Education

Direct Enabling 
Services

Tier A Engage a 
professional in 
lobbying e�orts 
as a consultant 
or sta�

Health professional for oversight 
of certi�ed genetic counselors’ 
onsite screening; organized 
education and oversight for 
genetic counseling

Care coordination, 
referral to 
medical home, 
transportation, and 
other resources

Tier B Organize state-
level advocacy 
e�orts

Trait testing on site, state 
newborn screening follow-up, 
and certi�ed genetic counselors

Transportation 
services, case 
�nding, and referral 
to medical home

Tier C Hold periodic 
local awareness 
events

Referral to state department 
for testing and education about 
sickle cell disease/sickle cell trait

Referrals to 
community 
resources
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and support groups, and a primarily virtual model. The chapter also details 
the various services and initiatives currently in the scope of work of SCD 
CBOs and patient groups, underlining the fact that there is currently no 
formal classi�cation system or standardization process of protocols that is 
universally used among these organizations. Because SCD is by its nature 
in�uenced by stigma, racism, and discrimination, this report is not complete 
without a uniquely de�ned role for the cultural brokers within the SCD 
community, the CBOs, or patient advocates.

The committee acknowledges that SCD CBOs provide enabling services 
that support the physical, mental, and social health of individuals affected 
by SCD; however, despite their critical importance in the cultural broker-
age ecosystem, SCD CBOs are primarily under-resourced in the African 
American community, underfunded, and dependent on fundraising for their 
existence, as the business model is focused more on �nding funds than on 
planning activities and then seeking funding sources consistent with those 
activities. There is a need to identify a sustainable funding mechanism to 
support the continued existence of SCD CBOs in order to reverse the cur-
rent fragmentation resulting from a lack of sustainable funding and a stan-
dard classi�cation system. CBOs will need a concerted initiative to build 
consistent and measurable infrastructure, to develop a clear de�nition of 
their scope of services based on infrastructure capacity, and build the neces-
sary skills to foster the sustainability of the newly acquired infrastructure.

Finally, an SCD CBO will best thrive in an environment of trust, 
respect, and equal partnership with other stakeholders in the SCD com-
munity. Currently, SCD CBOs struggle to gain recognition from health 
care systems, state health departments, and local hospitals, largely due 
to variations in services, an under-resourced infrastructure, and a lack of 
transparency regarding governance, mission, and �duciary responsibility. 
This creates challenges for partnerships at every level, leading to a vicious 
cycle of continued lack of funding and resources. There is criticism over 
what SCD CBOs do not provide for their communities when very few 
have access to the skills and resources needed to brand their organizations, 
publicize their work, and publish data on their programs. When hospitals 
do not trust CBOs to provide enabling services and social support, the 
hospitals work to create them internally. This further stresses the partner-
ships between stakeholders and CBOs because hospital-based entities are 
competing for funding through grants and philanthropy.

These challenges are not unique to the SCD community. Therefore, 
solutions from other chronic diseases should be considered when trying to 
plan future efforts. One of the initial steps to improving the ability of SCD 
CBOs to develop long-lasting, proactive partnerships will be to rely on a 
national organization that can validate their capabilities and services. This 
organization could be similar to NHF in structure, provide funding and 
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technical assistance to local member CBOs according to a classi�cation 
system, and meet certain criteria, including those based on the skill sets of 
CBO staff. The certi�cation of genetic counselors and CHWs, already exist-
ing for SCD, could be expanded and incorporated into criteria for accredi-
tation, with the appropriate required recerti�cation to remain up to date 
in the knowledge base and the appropriate oversight to ensure counseling 
competency.

Ideally, this national organization would work to build relationships 
with other community members, such as health care systems, thereby facili-
tating partnerships at the local level that would be strategically positioned 
in communities that contain large numbers of individuals living with SCD. 
If an organization develops infrastructure, outlines mission-driven pro-
grams and services with transparent measurable objectives, trains and certi-
�es staff, and receives accreditation from the national organization that will 
bolster the foundation for building a healthy respectful partnership. Main-
taining certi�cation and accreditation will require a bidirectional �ow of 
funds between the local and the national organizations. However, federal, 
private industry, third-party payers, and health system funding, primarily 
driven from the national level down, will alleviate some of the burden for 
fundraising at the local level. Quality metrics developed for accreditation 
will encourage SCD CBOs to collect and store programmatic and service 
data for reporting. This will help in making CBO-speci�c data public so 
that individuals living with SCD can identify the CBOs that provide the ser-
vices they need. This information will be useful for not only consumer use 
but also organizational strategic planning, policy development, branding, 
and marketing. This would further “legitimize” the SCD CBOs among SCD 
stakeholders broadly and help establish CBO participation in SCD learning 
networks as valid team members in service provision, patient engagement, 
and information dissemination.

Community expectations for SCD CBOs are daunting (see the chap-
ter introduction). Developing the capacity of the national organization 
for technical assistance in all areas will require tremendous commitment, 
dedication, resources, and funding. In the past, funding at the national 
and local levels for SCD programming and initiatives has come through 
grants and direct gifts, which are dif�cult to sustain due to competition. 
The SCD community will realize that collaboration and partnership must 
culminate in supporting one or two national or “umbrella” CBOs. The CF 
and hemophilia communities have handled this well, and available funding 
is robust. However, in the SCD community funding is sparse, largely due 
to the minimal development of drugs and technologies. When adopted for 
use in SCD, penicillin and hydroxyure were generic, and procedures (such 
as apheresis) and laboratory tests (such as HPLC) were fully developed. 
Recently, SCD drug development has soared. This provides an opportunity 
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for new resources and funding mechanisms for CBOs. All stakeholders 
might bene�t if a well-positioned national organization were to establish a 
transparent mechanism to fund virtual and local CBOs and measure, moni-
tor, and track how they help children and adults with SCD.

Role of the SCD CBO in a National Awareness Campaign

Education and awareness gaps remain in the SCD community, and 
there is a dire need for robust educational campaigns to address this limited 
understanding about the origins, impact, and consequences of SCD and 
the difference between SCD and SCT to avoid a recurrence of the damage 
done in the 1970s by the poor planning and execution of the SC clinics. 
An awareness campaign is clearly necessary, in part to dispel the myth in 
the African American community and beyond that SCD has “gone away” 
because they do not hear about it anymore. CBOs could play a key role, 
particularly if a uni�ed message adopted by all stakeholders could be used 
as the primary campaign message.

The attention that new drugs and curative therapies will bring could be 
harnessed into messaging, thus procuring funding and resources from pri-
vate industry. A well-designed campaign would be broad, dispel myths and 
stigma, attract positive attention, and work to unite the community. Recent 
media attention has not resulted in positive feedback from adults with 
SCD and caregivers of children. Awareness “messaging” will require full 
participation from those affected by SCD, those working toward improving 
their QOL, and media and news production professionals who understand 
the African American and Latinx American communities to determine how 
messaging may be best received by the public. In the interim, targeting 
inclusion in other public awareness campaigns will improve exposure. For 
example, CDC sponsors a campaign, Self-Management Education: Learn 
More, Feel Better, to increase public awareness of disease self-management 
education that could easily incorporate SCD (CDC, 2018b).

Targeting dissemination in the SCD community would increase aware-
ness of self-management education in the community and also the visibility 
of SCD in the broader CDC and U.S. chronic illness community. Another 
example is the #MAKEITVISIBLE movement of the U.S. Pain Society (U.S. 
Pain Foundation, 2017). Improving the ability to partner with others in 
chronic illness awareness may bene�t the SCD community and foster part-
nerships at the national and local levels.

National and local projects to raise awareness should identify and 
address barriers at each level: individuals with SCD and their families, 
systems of care, and urban and rural communities. Literacy skills and un-
equal access to resources must be considered. Campaigns should be within 
the framework of health promotion but tempered with compassion when 
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discussing prevention, so as not to further stigmatize those living with SCD. 
National mass media campaigns should be synergistic and consistent with 
longer-term local CBO action and patient engagement initiatives.

Finally, it is important to recognize the role of the virtual SCD CBO and 
advocacy groups in supporting awareness, advocacy, and education to help 
eliminate the isolation that individuals with SCD experience around not just 
their disease but being involved with and invited to participate in interven-
tions to improve and support SCD. The mantra “Nothing for us without us” 
should be taken literally when addressing a strategic plan and action blue-
print for SCD. There are a vast number of “invisible warriors,” individuals 
living with SCD and SCT who are not in formal advocacy or community 
groups but �nd their sense of community via Facebook, Instagram, Snapchat, 
and other virtual platforms. They are the informal grassroots network of 
SCD advocates who should intentionally be sought out, albeit via nontradi-
tional means, and their voice should be included in de�ning the way forward.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion 8-1: SCD CBOs provide enabling services that support 
the physical, mental, and social health of individuals affected by 
SCD; however, despite their critical importance in the cultural 
brokerage ecosystem, SCD CBOs are primarily under-resourced 
in the African American community, under-funded, and dependent 
on fundraising for their existence, as the business model is focused 
more on �nding funds rather than planning activities and �nding 
funding sources consistent with those activities.

Conclusion 8-2: Funding mechanisms for SCD CBOs and patient 
organizations are not sustainable and competitive.

Conclusion 8-3: The current organization and structure of SCD 
CBOs is fractured and fragmented, thereby resulting in inef�ciencies 
and duplication of activities. There is a need for a clear de�nition of 
scope of services based on infrastructure capacity and skill building 
to foster the sustainability of the newly acquired infrastructure.

Conclusion 8-4: Despite the role they play in serving as a liaison 
between the health system and community resources for individuals 
with SCD, currently SCD CBOs struggle to gain recognition from 
health care systems, state health departments, and local hospitals, 
largely due to variation in services, under-resourced infrastructure, 
and transparency regarding governance, mission, and �duciary 
responsibility.
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Recommendation 8-1: The U.S. Department of Health and Human Ser-
vices, in collaboration with health professional associations, health care 
providers, and other key stakeholders, should partner with community-
based organizations and patient advocates to translate and disseminate 
emerging clinical research information to people living with sickle 
cell disease and their families in order to improve health literacy and 
empower them to engage in the care and treatment decision-making 
process.

Recommendation 8-2: The U.S. Department of Health and Human 
Services, in collaboration with state health departments and health 
care providers, should partner with community-based organizations 
and community health workers to engage the sickle cell disease (SCD) 
population in designing educational and advocacy programs and poli-
cies and disseminating information on health and community services 
to individuals living with SCD and their caregivers.
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We need a roadmap, we need a system, we need something that is going 
to give us what many people already have, and what this country is going 

to need more of, as there are more people that are going to be living 
longer, and living better with this new science.

—Adrienne S. (Open Session Panelist)

The strategic plan and blueprint for sickle cell disease (SCD) action 
identi�es the strategic vision, strategies, and action steps for improving 
health care and health outcomes for individuals living with SCD. The fun-
damental vision of the framework is to advance and extend healthy, pro-
ductive lives for individuals living with SCD and to advance understanding 
of sickle cell trait (SCT).

In developing the strategic plan, the committee found that most of the 
key messages from the Institute of Medicine (IOM) report Crossing the 
Quality Chasm: A New Health System for the 21st Century (IOM, 2001) 
still hold true today for the SCD population. Furthermore, SCD has not 
bene�ted in signi�cant ways from medical advances compared with the 
general population or even other populations living with rare and heritable 
diseases, such as cystic �brosis and hemophilia. Despite advances that have 
helped children living with SCD live longer, mortality and morbidity in-
crease sharply in young adulthood (Treadwell et al., 2018) (see Chapter 1). 
Pregnant women with SCD are more likely to die or suffer adverse out-
comes than the general population (ASH, 2015).

9

Strategic Plan and Blueprint for 
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There is insuf�cient research and information about the needs of the 
SCD population, which makes it dif�cult to appropriately inform program-
ming and policies to address their needs. However, there are evidence-based 
interventions (preventive, acute, and post-acute services) that every individ-
ual living with SCD should receive, although many do not. Clinical practice 
guidelines developed for SCD management are not applied consistently; 
even where there is strong evidence for certain services, not everyone with 
SCD receives them. People with SCD are dying at a much higher rate than 
the rest of the population, as discussed in Chapter 1 (IHME, 2020). One 
reason for these poor health outcomes is that the health care delivery system 
is not organized to address the health needs of individuals with SCD as they 
transition from pediatric to adult care. As the longevity of people living 
with SCD increases, so do the number and types of complications requiring 
comprehensive and coordinated care from a multidisciplinary team of ex-
perts and an array of health and non-health services. Only a limited number 
of health care professionals are willing and able to provide the necessary 
SCD care, and the health care delivery system is poorly organized to facili-
tate the needs of this population. As a result, people living with SCD often 
resort to episodic acute care to manage pain, the hallmark of the disease, as 
well as other acute complications. Lacking for this population is a system of 
care that can provide comprehensive coordinated care management aimed 
at preventing SCD complications and reducing its burden.

The socio-political and historical contexts underpinning the disease 
compound these problems. As discussed earlier, the roots of SCD in the 
United States can be traced back to the slave trade, where some African 
slaves transported involuntarily may have carried the gene. Because of 
persistent racism and discrimination, the disease was not addressed for 
years after it was discovered in the United States. This racism persists, and 
individuals with SCD and SCT have had to contend with discrimination 
in the health care system. Those living with SCD are also stigmatized in 
both health care and non–health care settings, in social circles, in places of 
employment, and schools. The far-reaching health and health-related social 
implications of SCD and SCT for those who live with these conditions and 
their families necessitate expansive action that takes into account the inher-
ent complexities of the disease.

Taking these factors into consideration, the committee determined that, 
at a minimum, the strategic plan should ensure that the SCD population 
receives the same high-quality health care to which every American is en-
titled. The strategic plan (see Figure 9-1) is composed of a strategic vision, 
eight strategies in support of the vision, and foundational principles, which 
undergird the strategic plan.

The committee based the foundational principles on the six aims for 
the health care system identi�ed in the IOM report Crossing the Quality 
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Chasm: safe, effective, patient-centered, timely, ef�cient, equitable (IOM, 
2001). According to the IOM report, “a health care system that achieves 
major gains in these six areas would be far better at meeting patient needs” 
(IOM, 2001, p. 6). The committee, however, believed that due to the his-
tory of marginalization and racism that has affected the majority of the 
population impacted by SCD, it was important to add a seventh principle: 
ethical. The seven foundational principles for action for SCD in the United 
States are described below:

•	 Safe: avoiding injuries to patients from the care that is intended to 
help them;

•	 Effective: providing services based on scienti�c knowledge to all 
who could bene�t and refraining from providing services to those 
not likely to bene�t;
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FIGURE 9-1  Strategic plan for improving SCD care and outcomes in the United 
States.
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• 	 Patient-centered: providing care that is respectful of and responsive 
to individual patient preferences, needs, and values and ensuring 
that patient values guide all clinical decisions;

•	 Timely: reducing waits and sometimes harmful delays for both 
those who receive and those who give care;

•	 Ef�cient: avoiding waste, including waste of equipment, supplies, 
ideas, and energy;

•	 Equitable: providing care that does not vary in quality because of 
personal characteristics, such as gender, ethnicity, geographic loca-
tion, and socioeconomic status; and

•	 Ethical: providing care that is free of provider prejudice or bias, 
avoiding unfair treatment because of SCD diagnosis and trait sta-
tus, and addressing patient mistrust in the health care system.

The vision for the strategic plan is to assure “long, healthy, productive 
lives for those living with SCD and those with SCT.” The committee identi-
�ed eight overarching strategies or “pillars” to support the attainment of 
this vision. These strategies take into account the multifaceted needs of the 
SCD and SCT population and the equally multidimensional interventions 
required to meet these needs. The strategies are equally important and need 
to all be approached with the same level of urgency.

The committee also proposes a blueprint for implementing the strategic 
plan. The blueprint offers action steps for each of the strategies in the stra-
tegic plan. The actions re�ect the committee’s recommendations identi�ed 
in the report’s preceding chapters after a thorough review of the available 
evidence. The action steps or recommendations are enumerated with the 
chapter that contains the supporting evidence. The committee recognizes 
that it will not be feasible to tackle all of the actions simultaneously and as 
such, offers timeframes for accomplishing each of the recommendations. 
The timeframes take into account the complexity of the activity, the level 
of resources needed to accomplish the task, and the existence of current 
programs that can serve as a vehicle for advancing action. Activities are also 
prioritized by actions that need to occur sequentially.

Each of the recommendations will require multistakeholder engage-
ment, and the committee identi�es some of the partners who need to be 
involved to achieve each action step. The committee, however, believes that 
in order to make meaningful and sustained progress on the strategic plan, 
it is critical that there be central oversight from the Of�ce of the Assistant 
Secretary for Health (OASH) at the U.S. Department of Health and Human 
Services (HHS). OASH should appoint an oversight body with members 
from across HHS agencies to oversee the implementation of the strategic 
plan and action blueprint. The appointment of the oversight body should be 
immediate, and the current HHS Sickle Cell Disease Workgroup, which has 
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representation from 11 HHS agencies, is one option for such an interagency 
group (Azar and Giroir, 2019). The oversight group should be charged 
with advancing the strategic plan and blueprint by engaging and convening 
other stakeholders, developing interim milestones and monitoring progress, 
identifying funding sources, and other necessary activities.

To ensure continued progress, the oversight body should conduct regu-
lar assessments of the implementation of the strategic plan, with the �rst 
evaluation occurring no more than 5 years after the release of this report.

Strategy A: Establish a national system to collect and link data to char-
acterize the burden of disease, outcomes, and the needs of those with 
SCD across the life span. This strategy will be achieved by establishing 
robust and well-supported longitudinal data collection systems that 
include the majority of those living with the disease. A comprehensive 
data collection system will help inform the burden of the disease, care 
needs, and outcomes. The recommended action steps to achieve this 
strategy are listed below.

Recommendation 3-1: The Centers for Disease Control and Prevention 
should work with all states to develop state public health surveillance 
systems to support a national longitudinal registry of all persons with 
sickle cell disease.
In addition to expanding the Centers for Disease Control and Preven-
tion (CDC) Sickle Cell Data Collection (SCDC) program currently 
under way, additional efforts to collect data on all persons living with 
SCD in all states should be undertaken. CDC should collaborate with 
professional associations, such as the American Society of Hematology 
(ASH), which just launched a clinical trials network; other federal enti-
ties, such as the Health Resources and Services Administration (HRSA) 
and the National Institutes of Health (NIH); and other stakeholders, 
such as researchers and providers. Data can be gathered about SCD 
patients and their care and health outcomes tracked over their lifetimes. 
CDC’s previous data collection efforts, such as RuSH and the current 
SCDC, can serve as models. Similarly, state-led surveillance and registry 
efforts as well as other disease registries, such as the Surveillance, Epi-
demiology, and End Results Program for cancer and the cystic �brosis 
and hemophilia treatment centers’ registries, offer valuable insights 
that can be scaled through appropriate resourcing and standardization.

The Cystic Fibrosis Foundation (CFF) supports their registry with pri-
vate donations, pharmaceutical company donations, and investments. 
This can serve as a model for the SCD community. Additionally, given 
that California and Georgia already have experience with linking health 
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records for individuals living with SCD, they could serve as initial 
longitudinal registries which can then be expanded to all other states.
Timeframe: 1–2 years

Recommendation 3-2: The Health Resources and Services Administra-
tion, the National Institutes of Health, and the Agency for Healthcare 
Research and Quality should develop a clinical data registry for sickle 
cell disease. The registry would allow for identifying best practices for 
care delivery and outcomes.
NIH, in partnership with federal agencies such as HRSA and the Agency 
for Healthcare Research and Quality, and entities such as the Patient-
Centered Outcomes Research Institute (PCORI), which are currently 
funding demonstration projects to improve the care and treatment of 
SCD, should de�ne and implement systems to validate and implement 
standards of health care and measures of desired clinical outcomes and 
patient-reported outcomes. Efforts to improve measures of access, use, 
and health-related disease burden should also be included. Emphasis 
should be placed on fostering research and clinical learning networks 
to identify and disseminate common protocols and best practices for 
health care delivery. Existing comprehensive SCD care centers and HR-
SA’s SCD treatment demonstration regional collaboratives are existing 
mechanisms that can be standardized into formal learning networks, 
in collaboration with health care systems, providers, and health care 
professional associations.
Timeframe: 1–2 years

Recommendation 3-3: The Of�ce of the Assistant Secretary for Health 
should establish a working group to identify existing and disparate 
sources of data that can be immediately linked and mined. These data 
can be used to provide needed information on sickle cell disease health 
care services usage and costs in the short term.
Administrative datasets, such as hospital datasets, state-speci�c datas-
ets, national datasets, and health insurance claims databases, can also 
be mined to inform the data gaps in SCD health services use. Individual 
hospitals and state hospital associations collect administrative data 
on emergency department (ED) use, ambulatory clinical data, and 
inpatient records, which can be linked with other datasets to provide 
insights on the SCD population in speci�c geographic areas. Similarly, 
data available at the national level such as the National Hospital Dis-
charge Survey and the Health Care Utilization Project and state-level 
data can enable researchers to obtain valuable information about the 
SCD population.
Timeframe: 1–2 years
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Strategy B: Establish organized systems of care assuring both clinical 
and nonclinical supportive services to all persons living with SCD. Such 
systems would ensure access to high-quality, evidence-based, compre-
hensive primary and specialty (acute and chronic) care delivered by 
multidisciplinary teams; to supplemental enabling services; and to be-
havioral health and social services. The following action steps will be 
necessary to achieve this strategy.

Recommendation 2-1: The Social Security Administration should re-
view disability insurance quali�cations to ensure that the quali�cation 
criteria re�ect the burden of the disease borne by individuals with sickle 
cell disease.
In 2015 the Social Security Administration (SSA) altered its listings 
of impairments for both children and adults, making them more dif-
�cult to meet. Changes in these listings are crucial, as they control 
the standards for automatic eligibility for disability bene�ts health 
insurance, which is much needed by the SCD population. Existing 
disability insurance quali�cations for SCD do not re�ect the full im-
pact of SCD on functional status. The current Supplemental Security 
Income criteria penalize patients for obtaining high-quality care that 
reduces disability but do not recognize the burden placed on patients 
who consequently lose insurance coverage and can no longer access 
needed services. These standards need to be revised in the next review 
period in 2020. SSA should engage health professional associations 
and SCD providers to assess the full functional impact of SCD on the 
patient in order to inform amendments to the Supplemental Security 
Income eligibility criteria. SSA should consider stakeholder feedback 
received during the proposed rulemaking period. In the short term, 
SSA should consider other approaches, such as soliciting needed in-
formation for adjudicating cases directly from providers to ascertain 
level of disease severity.
Timeframe: 1–2 years

Recommendation 2-2: States should expand and enhance vocational re-
habilitation programs for individuals with sickle cell disease who need 
additional training in order to actively participate in the workforce.
Some individuals may experience silent cerebral infarcts into adult-
hood, which can have long-lasting impact on cognitive function. Fre-
quent pain crises and hospitalizations could also make it difficult for 
individuals to succeed professionally. Accommodations may require 
vocational rehabilitation services to support effective participation 
in the job market.
Timeframe: 2–3 years
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Recommendation 5-1: The Of�ce of the Assistant Secretary for Health, 
through the Of�ce of Minority Health, should convene a panel of relevant 
stakeholders to delineate the elements of a comprehensive system of sickle 
cell disease (SCD) care, including community supports to improve health 
outcomes, quality of life, and health inequalities. Relevant stakeholders 
may include the National Minority Quality Forum, National Medical As-
sociation, American Society of Pediatric Hematology/Oncology, American 
Academy of Pediatrics, American Board of Pediatrics, American College of 
Physicians, American Society of Hematology, Sickle Cell Disease Associa-
tion of America Inc., Sickle Cell Adult Provider Network, and other key 
clinical disciplines and stakeholders engaged in SCD care; health systems; 
and individuals living with SCD and their families.
ImproveCareNow, a collaborative community to transform health care 
for children and young adults with Crohn’s disease and in�ammatory 
bowel disease, offers a model. Crucial elements to be delineated by the 
panel include the following:

•	� Responsibility for geographically de�ned populations of individu-
als living with SCD (e.g., regionally, statewide)

•	� Guidance for using newborn screening data to facilitate linkage to 
care for all positive screens in geographic area

•	� The types of services that should be delivered at comprehensive 
centers and at the community level

HRSA should use the product of this activity to develop a process for 
certifying comprehensive SCD centers with linkages to community, 
nonurban, and stand-alone providers. These centers should develop 
strategies to enhance SCD care in geographically de�ned regions. Such 
strategies may include shared protocols for managing crises in com-
munity EDs, explicit guidelines for primary care providers, community 
health workers to assist individuals living with SCD, telemedicine ac-
cess, and continuing education activities.

An essential component of certifying SCD comprehensive care centers is 
creating consensus workforce requirements similar to those used by CFF. 
To achieve high-quality care as de�ned by the National Heart, Lung, 
and Blood Institute (NHLBI) consensus guidelines and ASH clinical 
guidelines, individuals with SCD should receive treatment from a multi-
disciplinary team. Using this type of model would support wellness and 
long-term preventive strategies, including health screenings, education 
on pain management and disease management, individual counseling, 
coordination with community resources, the development of a healthy 
lifestyle and eating habits, and resources for advocacy and support.
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The committee recommends that SCD center certi�cation include a 
requirement that the center’s team include, at minimum, the �rst-level 
core team members listed in Table 6-1 in Chapter 6. However, the team 
may need to expand based on individual patient needs; thus, Table 6-1 
also describes other recommended team members.
Timeframe: 2–3 years

Recommendation 5-2: The Centers for Medicare & Medicaid Services 
should work with state Medicaid programs to develop and pilot re-
imbursement models for the delivery of coordinated sickle cell disease 
health care and support services.
The payment system in the United States is often an impediment to 
the delivery of coordinated, multidisciplinary care for individuals liv-
ing with lifelong diseases. CMS and private payers have implemented 
disease-speci�c models, and the Center for Medicare & Medicaid Inno-
vation (CMMI) continues to pilot several payment models. Payers need 
to work with SCD providers to facilitate the implementation of a com-
prehensive model for SCD care, as outlined in Chapter 5. Speci�cally, 
the committee recommends that CMS, as the leading insurer through 
the Medicaid program for most of the SCD population, should take the 
lead in exploring novel payment models that support comprehensive 
care for individuals with SCD in the following ways:

•	� CMMI should pilot novel payment models to encourage and pay 
for coordinated comprehensive health care delivered by certi�ed 
SCD centers.

•	� CMS should develop novel payment approaches that facilitate the 
delivering of coordinated care for conditions, such as SCD, that are 
rare, require coordinate comprehensive long-term care, and have 
high-budget impact therapeutic options.

Timeframe: 3–4 years

Recommendation 5-3: The U.S. Department of Education should col-
laborate with state departments of health and education and local 
school boards to develop educational materials to provide guidance 
for teachers, school nurses, school administrators, and primary care 
providers to support the medical and academic needs of students with 
sickle cell disease.
The increased risk for learning dif�culties and poor performance 
from the impact of the disease and from absenteeism caused by vaso-
occlusive crises and frequent hospitalizations may make children with 
SCD eligible for special educational assistance to help them succeed 
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academically. The Individuals with Disabilities Education Act provides 
for services for children with special educational needs under Part B 
and Part C. For those in higher education, the Americans with Dis-
abilities Act prohibits discrimination due to disabilities and requires 
reasonable accommodations for the individual. Individuals who are 
eligible for special educational services and their families may not be 
familiar with the services available to them or how to initiate access to 
these services. State departments of education and local school boards 
should provide guidance to help simplify the process for parents of 
children with SCD who wish to obtain the needed educational supports 
for their children.
Timeframe: 1–2 years

Strategy C: Strengthen the evidence base for interventions and disease 
management and implement widespread efforts to monitor the qual-
ity of SCD care. Existing evidence to support care and management 
of SCD needs to be updated to re�ect the current demographics and 
needs of the population living with SCD, where patients are living 
into adulthood and contending with complications that arise later in 
life. Excess mortality in adulthood can be attributed to not receiving 
appropriate or quality care. A concerted effort is needed to track and 
improve the quality of care that accredited comprehensive SCD centers 
provide (as described in Strategy B). The following action steps support 
this strategy.

Recommendation 4-1: Private and public funders and health profes-
sional associations should fund and conduct research to close the gaps 
in the existing evidence base for sickle cell disease care in order to 
inform the development of clinical practice guidelines and indicators 
of high-quality care.
Speci�c areas for research include understanding the health and psy-
chosocial needs of SCD patients and the impact of the disease over 
time. NIH should collaborate with stakeholders, such as ASH, that 
have developed SCD guidelines to identify and fund studies to �ll the 
gaps in the existing evidence base. Guidelines for SCD preventive, 
acute/subacute, and chronic care have been developed and provide 
the �eld with benchmarks for SCD care. The evidence base for some 
of these guidelines, such as screening for pulmonary hypertension, 
screening for retinopathy, and the use of exchange transfusions for 
acute chest syndrome, is weak. There is a need to generate evidence 
to address the gaps to help standardize and promote the delivery of 
high-quality care.
Timeframe: 3–5 years
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Recommendation 5-4: The National Heart, Lung, and Blood Institute; 
Health Resources and Services Administration; Centers for Disease 
Control and Prevention; and U.S. Food and Drug Administration 
should collaborate with the American Society for Hematology, Pedi-
atric Emergency Care Applied Research Network, Patient-Centered 
Outcomes Research Institute, and private funders of quality improve-
ment initiatives to foster the development of quality improvement 
collaboratives.
These quality improvement collaboratives could stem from the clinical 
research network being developed by ASH and other groups that have 
a record of running strong and active quality improvement programs. 
At a minimum, standards of care for the list of indicators known to be 
effective and consensus-driven must be included: (1) TCD screening, 
(2) prophylactic antibiotics for children with SCD between the ages 
of 3 months and 5 years old, (3) pain management, (4) vaccinations, 
(5) hydroxyurea use, and (6) successful transitioning from pediatric 
to adult care. An adapted learning network that builds on existing ef-
forts (e.g., a registry developed by CDC, treatment demonstration pro-
grams funded by HRSA, and the implementation consortium funded 
by NHLBI) is recommended.
Timeframe: 3–5 years

Recommendation 6-1: Federal agencies including the Agency for 
Healthcare Research and Quality; National Heart, Lung, and Blood 
Institute; Health Resources and Services Administration; Centers for 
Disease Control and Prevention; and U.S. Food and Drug Administra-
tion should work together with and fund researchers and professional 
associations to develop and track a series of indicators to assess the 
quality of sickle cell disease care including patient experience, the pre-
vention of disease complications, and health outcomes.
Speci�c indicators for chronic health care maintenance, acute/subacute 
care, and chronic care are needed. Patient-reported outcomes, includ-
ing experience of care (the Consumer Assessment of Healthcare Pro-
viders and Systems), should be incorporated into quality indicators 
and routinely monitored. Efforts should begin with a list of indicators 
known to be effective and consensus driven: (1) transcranial Doppler 
screening, (2) prophylactic antibiotics for children with SCD between 
the ages of 3 months and 5 years old, (3) pain management, (4) vac-
cinations, (5) hydroxyurea use, and (6) successful transitioning from 
pediatric to adult care. To promote patient-centered and equitable 
care, a core set of patient self-management indicators, identi�ed via 
literature review, expert consensus, clinicians in practice, and SCD 
patients and their families, should be developed and implemented. 
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Federal and private funders should support the development of pa-
tient self-management support tools (e.g., decision aids, educational 
materials, apps, e-health interventions) to achieve optimal quality-of-
life and treatment bene�ts.
Timeframe: 1–2 years (to identify and develop list of quality indica-
tors); 3–5 years (to implement monitoring program to track perfor-
mance of those indicators)

Recommendation 6-2: The Centers for Medicare & Medicaid Services 
and private payers should require the reporting of expert consensus-
driven sickle cell disease (SCD) quality measures and other metrics of 
health care quality for persons with SCD.
Efforts must be undertaken to standardize the quality of care at a high 
level and to reduce variations that are driven by problems with the 
interpersonal nature of health care. This has been well studied in the 
context of acute pain management. Other quality measures should be 
de�ned, measured, and reported.
Timeframe: 3–5 years

Recommendation 6-3: The U.S. Department of Health and Human 
Services should fund efforts to identify and mitigate potentially modi�-
able disparities in mortality and health outcomes. Speci�c subgroups 
to consider include young adults in transition from pediatric to adult 
care, pregnant women, and older adults.
CDC should lead efforts to examine high mortality in these subpopu-
lations via a surveillance or registry system. HHS (speci�cally, NIH, 
HRSA, and CDC) should fund health care services research and quality 
improvement initiatives aimed at decreasing disparities in outcomes for 
these subpopulations.
Timeframe: 1–2 years

Strategy D: Increase the number of quali�ed health professionals pro-
viding SCD care by enhancing existing health professional training and 
accreditation programs and incentivizing providers to provide compas-
sionate and high-quality care. This objective can be achieved through 
the following action steps.

Recommendation 6-4: The National Institutes of Health should dis-
seminate information on loan repayment opportunities to incentivize 
health care professionals interested in conducting research on sickle 
cell disease (SCD). The Health Resources and Services Administration 
should add populations with SCD as a designated population health 
professional shortage area under the National Health Service Corps 
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program and create a loan repayment program for health care profes-
sionals working with SCD populations.
Given the shortage of highly quali�ed providers to treat individuals 
living with SCD, HHS should designate SCD as a health disparity 
population and set aside speci�c funds to support fellows and young 
professionals who commit to working clinically or conducting research 
in this area. Other programs supporting young investigators and clini-
cians, such as those run by ASH and the American Society of Pediatric 
Hematology/Oncology, are also encouraged to expand.
Timeframe: 1-2 years (to disseminate information about existing 
programs); 3–5 years (to develop criteria for loan repayment and 
similar programs for health professionals working speci�cally with 
the SCD population)

Recommendation 6-5: Health professional associations (American 
Society of Hematology, American College of Obstetricians and Gy-
necologists, American College of Emergency Physicians, American As-
sociation of Family Practitioners, American Academy of Pediatrics, 
National Medical Association, American College of Physicians) and 
organizations for other relevant health professionals such as advanced 
practice providers, nurses, and community health workers should con-
vene an academy of sickle cell disease (SCD) medicine to support SCD 
providers through education, credentialing, networking, and advocacy.
The SCD academy, through its multifaceted activities, will play a key 
role in increasing the available workforce to care for SCD patients. 
Primarily it should be instrumental in augmenting education for SCD 
providers, including those outside of the hematology and emergency 
medicine specialty areas, by educating new providers and offering con-
tinuing medical education to existing providers. This training may be 
TeleECHO participation (telementoring with hematologists), modules 
developed collaboratively by participating organizations (e.g., ASH, 
NHLBI, American Association of Medical Colleges, Academy of Man-
aged Care Pharmacy, American Academy of Nursing, American Acad-
emy of Physician Assistants), web-based/didactic training or social 
media (e.g., hematologist-led blogs/discussion boards, dissemination of 
clinical research �ndings via Twitter).

Minimally, training should include information on sociocultural factors 
that affect the provider–patient relationship (implicit bias, structural 
determinants of health, systemic racism), current treatment guidelines, 
issues with transitions from pediatric to adult care, and advances in 
SCD research. Training should be designed to address provider edu-
cational gaps and biases that erode the provider–patient relationship. 
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Providers who participate in ongoing educational programs should 
be incentivized to become SCD experts, as has been done with other 
chronic diseases. The HIV academy run by the Association of HIV 
Medicine provides a model for such an academy.
Timeframe: 2–3 years

Recommendation 6-6: Health professional associations and graduate 
and professional schools should develop early and effective mentoring 
programs to link early career health professionals with seasoned pro-
viders to generate interest in sickle cell disease care.
ASH has an effective mentoring program (ASH Ambassador) that could 
be replicated by other associations or medical and graduate schools. 
Special emphasis should be placed on identifying and recruiting under-
represented minority trainees. The goal is to stimulate and support 
interest in working with patients who are living with SCD by fostering 
mentoring relationships and networking opportunities.
Timeframe: 3–5 years

Strategy E: Improve SCD awareness and strengthen advocacy ef-
forts through targeted education and strategic partnerships among 
HHS, health care providers, advocacy groups and community-based 
organizations, professional associations, and other key stakeholders 
(e.g., media and state health departments). The goal is to demystify 
the disease, alleviate bias and stigma faced by those living with SCD, 
and increase empathy through education. Strategic partnerships with 
advocacy groups and community-based organizations (CBOs) will 
enhance their capacity to provide supportive services and acknowl-
edge their value as partners in promoting patient-centered policies 
and programs. The following action steps will be necessary to achieve 
this objective.

Recommendation 2-3: The U.S. Department of Health and Human 
Services should engage with media to improve awareness about the 
disease and address misconceptions about the disease and those af-
fected by it.
Studies indicate that, globally, signi�cant gaps in the public’s knowledge 
about SCD continue to perpetuate stigma that confronts individuals 
living with it. The mainstream media is an important vehicle for dis-
seminating factually correct information about SCD and SCT to the 
general public to dispel misconceptions about SCD and is an important 
partner for sharing information about scienti�c advances in treating 
SCD to inform those affected and also the general public.
Timeframe: 1–2 years
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Recommendation 8-1: The U.S. Department of Health and Human Services, 
in collaboration with health professional associations, health care provid-
ers, and other key stakeholders, should partner with community-based 
organizations and patient advocates to translate and disseminate emerg-
ing clinical research information to people living with sickle cell disease 
and their families in order to improve health literacy and empower those 
individuals to engage in the care and treatment decision-making process.
All educational interventions for individuals living with SCD should be 
culturally and linguistically relevant. This includes eHealth (including 
mHealth), whose promise for increasing health literacy, addressing cog-
nitive impairments, and promoting the self-management of SCD should 
be explored on a larger scale. Funding should be provided to develop 
multimedia (print, text, video, games, mHealth, web-based, etc.) edu-
cational materials for individuals with SCD and their caregivers.
Timeframe: 2–3 years

Recommendation 8-2: The U.S. Department of Health and Human 
Services, in collaboration with state health departments and health 
care providers, should partner with community-based organizations 
and community health workers to engage the sickle cell disease (SCD) 
population in designing educational and advocacy programs and poli-
cies and disseminating information on health and community services 
to individuals living with SCD and their caregivers.
Engaging patients in developing and implementing educational pro-
grams and materials increases their feasibility and acceptability. 
Research supports the bene�ts of peer-based programs (e.g., peer men-
toring, camps, transition programs) and community health workers 
in increasing disease knowledge and self-management for youth and 
adults with chronic diseases, including SCD. Successful local and state 
advocacy programs should be replicated in other communities with 
funding and support from strategic partners. Several CBOs have pro-
grams that reach out to individuals with SCD; however, there is a 
need for additional funding and capacity building to enhance CBOs’ 
infrastructure to enable them to reach out to individuals who can 
bene�t from the resources that they offer. Federal and private funders, 
particularly SCD pharmaceutical manufacturers, should complement 
each other’s efforts to fund and develop programs for individuals liv-
ing with SCD and promote advocacy for individuals living with SCD.
Timeframe: 1–2 years

Strategy F: Address barriers to accessing current and pipeline therapies for 
SCD, with the goal of ensuring widespread patient access to bene�cial ther-
apies. The following action steps will be necessary to achieve this objective.
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Recommendation 7-1: The Centers for Medicare & Medicaid Services 
in collaboration with private payers should identify approaches to 
�nancing the upfront costs of curative therapies.
Financial barriers to accessing therapies, including costly palliative 
care, can be addressed through the following approaches:

•	� Develop clear criteria for use of novel curative therapies to mini-
mize the potential for economic incentives to push the use or non-
use of curative therapy.

• 	� Enable providers to �nance the up-front costs of curative therapies, 
potentially via establishing a pool of payer-contributed funds ear-
marked for this purpose.

•	� CMS should issue guidance clarifying how Medicaid best-price 
rules would apply to outcomes-based pricing, annuity pricing, and 
other salient novel pricing arrangements.

•	� Encourage and reimburse the practice of shared decision mak-
ing for novel, high-risk, potentially highly effective therapies, 
including

	 o	 Informed consent for clinical trial participation; and
	 o	 Patient counseling on the uptake of high-risk, curative therapies.

CMS and state Medicaid agencies could also consider the 340B pro-
gram for SCD therapies in the pipeline, which are expected to carry 
high up-front costs. Current covered entities eligible to participate in 
the 340B program, including children’s hospitals, community hospitals, 
and federally quali�ed health centers, are all sources of care frequented 
by SCD patients.
Timeframe: 2–3 years

Recommendation 7-2: The U.S. Department of Health and Human 
Services should encourage and reimburse the practice of shared deci-
sion making and the development of decision aids for novel, high-risk, 
potentially highly effective therapies for individuals living with sickle 
cell disease.
In addition to active support for informed consent for clinical trial 
participation, emphasis should be placed on counseling patients on 
the uptake of therapies that are high risk and curative, that have high 
clinical uncertainty, or that are preference sensitive, such as discussions 
about fertility preservation. Reimbursement should take into consider-
ation tools and knowledge that foster provider–patient shared decision 
making about comprehensive care that addresses the psychological, 
economic, social and spiritual, and short- and long-term impacts for 
individuals living with SCD.
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In the short term (1–2 years), there is an urgent need to identify and 
synthesize the criteria for the use of recently approved medication, 
with the goal of providing guidance for providers and patients and 
improving uptake of these drugs. OASH should engage health pro-
fessionals, payers, patients, and other relevant stakeholders in de-
veloping guidance for the use of new medication. Current efforts by 
HRSA and the NIH implementation science group can also inform 
this work. Within 3–5 years, this work should evolve to include 
the development and funding of shared decision-making tools with 
input from pharmaceutical companies, payers, and other relevant 
stakeholders.
Timeframe: 1–2 years (to identify and synthesize criteria for the use of 
new medications); 3–5 years (to develop guidance for shared decision 
making and tools for implementation)

Recommendation 7-3: The National Institutes of Health, U.S. Food 
and Drug Administration, pharmaceutical industry, and research com-
munity should establish an organized, systematic approach to encour-
aging participation in clinical trials by including affected individuals in 
the design of trials, working with community-based organizations to 
disseminate information and recruit participants, and conducting other 
targeted activities.
PCORI, ASH, FDA, and NIH all have existing activities to foster 
patient-centric clinical trials design. The lessons and best practices from 
these disparate efforts need to be standardized, scaled, and adopted for 
inclusion in every clinical trial involving individuals living with SCD.
Timeframe: 2–3 years

Strategy G: Implement efforts to advance understanding of the full 
impact of SCT on individuals and society. Unlike SCD, which is 
associated with debilitating pain and life-shortening complications, 
individuals with SCT inherit only one gene for abnormal hemoglobin 
and one normal gene. Individuals with SCT typically live normal, 
pain-free, productive lives. However, in recent years concerns about 
complications have prompted the mandatory screening of subgroups, 
such as athletes. Additionally, while SCT status information is col-
lected as part of the newborn screening process, there is no indica-
tion that it is communicated to the parents and, eventually, to the 
individual to inform future decision making. The committee identi�ed 
the following action steps but cautions that all activities pertaining 
to collecting and using data to raise awareness and improve interven-
tions should be performed so as not to stigmatize those living with 
SCT in any way.
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Recommendation 3-4: The Health Resources and Services Administra-
tion should work with states to standardize the communication of and 
use of newborn screening positive results in genetic counseling and 
should create a mechanism for communicating this information across 
the life span and ensuring access to needed support and services.
SCT status information is collected as part of newborn screening in all 
50 states and the District of Columbia. Communication of SCT status 
is not standardized in the United States, and there is no indication that 
the information is passed along to individuals or families across the life 
span and used for further action, such as genetic counseling. There is 
an opportunity to systematize the communication and appropriate use 
of SCT information.
Timeframe: 2–3 years

Recommendation 4-2: The National Institutes of Health should fund 
research to elucidate the pathophysiology of sickle cell trait.
There have been indications that SCT may be a risk factor for health 
complications and sudden death in certain rare, extreme instances, 
such as severe dehydration and high-intensity physical activity. These 
adverse outcomes include exertional rhabdomyolysis and sudden death, 
chronic renal dysfunction, and venous thromboembolism. With 1–3 
million Americans and 8–10 percent of African Americans living with 
SCT, there is a need for further studies to understand the extent of 
these complications and to determine what actions need to be taken to 
completely eliminate the risks for them.
Timeframe: 2–3 years

Recommendation 4-3: The Of�ce of the Assistant Secretary for Health 
should partner with community-based organizations, the media, and 
other relevant stakeholders to disseminate information to promote 
awareness and education about the potential risks associated with 
sickle cell trait.
As discussed in Chapter 4, SCT is not a disease, and individuals with 
it can live long, healthy lives. However, there are indications that indi-
viduals with carrier status may be predisposed to certain health com-
plications. This has resulted in subpopulation screening for pregnant 
women, National Collegiate Athletic Association student-athletes, and 
military personnel. Currently, there is a lack of evidence-based research 
supporting subpopulation screening and appropriate use of screening 
results, which means that there is a potential for inef�ciencies in the 
approach for screening and for the use of results to discriminate against 
individuals.
Timeframe: 1–2 years
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Strategy H: Establish and fund a research agenda to inform effective 
programs and policies across the life span. Federal and private funders 
should collaborate to provide funding to clinician scientists and schol-
ars with expertise in SCD, race, and stigma to advance research on 
pressing topics. The oversight body established by OASH should col-
laborate with health professional associations, researchers, patients, 
and funders to develop a robust research agenda with priority topics 
that need to be studied. Organizations such as ASH have developed a 
comprehensive list of SCD research priorities that can serve as a start-
ing point for this strategy. The committee also identi�ed the following 
research topics from its assessment of the literature. The list below is 
not intended to be comprehensive, but to provide an example of some 
of the areas with substantial knowledge gaps:

Societal and Structural Challenges (Chapter 2)
1.	� Research on the nature and impacts of racism and stigma on 

individuals living with SCD. This work should facilitate or be in 
conjunction with developing effective tools and approaches for 
educating providers and patients on identifying, managing, and 
preventing stigma, racism, and other biases that affect the care and 
well-being of individuals with SCD.

2.	� Research that supports international “big data” research proj-
ects aimed at deciphering and addressing (as needed) the complex 
genotype–environment interactions (broadly de�ned) that underlie 
individual and population differences in the pathophysiology of 
SCD and responses to treatments and curative therapies.

Current Management Approaches (Chapter 4)
1.	� Research on the comparative effectiveness of outcomes in exist-

ing protocols for SCD clinical research networks and foster the 
establishment of clinical research networks to evaluate existing 
treatment approaches and study potential variations.

2.	� Research on the medical burden and psychosocial impact and of 
SCD as patients age out of pediatric care into adult care and geri-
atric care.

3.	� Research to identify strategies to increase uptake of existing 
evidence-based guidelines.

4.	� Research on non-pharmacological approaches to managing SCD, 
including integrative health.

5.	� Research on the effectiveness of non-opioid based treatments for 
chronic pain, including cannabis, drugs that act on neuropathic 
pain, non-steroidal anti-in�ammatory drugs, and cognitive behav-
ioral therapy.
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Health Care Organization and Utilization (Chapter 5)
1.	� Research to identify and understand trends in the use of health care 

services by children and adults with SCD.

Developing and Delivering the Next Generation of Therapies (Chapter 7)
1.	� Research that measures health utility for SCD patients and 

permits the measurement of quality-adjusted life-years for this 
population.

2.	� Research by manufacturers that includes clinical endpoints in ran-
domized trials that can be mapped to health utility levels via pub-
lished studies.

3.	� Research that includes total health care costs as a secondary end-
point in pivotal clinical trials of new SCD therapy.

4.	� Research on the development and validation of biomarkers for 
disease severity and progression that could be contracted upon in 
outcomes-based pricing arrangements.

5.	� Research and develop biomarker-based decision trees to determine 
the appropriate timing and suitability of curative stem cell trans-
plant, particularly as new drugs are becoming available that may 
obviate the need for it.

	 • 	� Develop biomarkers to predict response, prioritize certain 
treatments over others, and guide combination therapy

	 •	� Develop biomarkers to measure the durability of the treatment 
effect/persistence of the bene�t

6.	� Research on the impact of stem cell transplantation on organ dys-
function in adults, particularly for the central nervous system.

7.	 Research that elucidates chronic pain in SCD, including
	 •	� Incorporating chronic pain as an outcome measure in clinical 

research
	 •	 Non-opiate-based treatments for chronic pain
	 •	 The interplay of cognition, mood, and pain
	 •	� Assessment of bene�ts of a holistic, palliative care approach to 

pain in SCD
8.	� Research to develop endpoints for clinical trials that capture the 

complexity of the SCD phenotype
	 •	� Quality-of-life endpoints should be incorporated in compara-

tive effectiveness research
	 •	� Caution and surveillance are needed when populations not 

included in the clinical trials are exposed to the new drugs
9.	� Research on comparative effectiveness to guide health care/

insurance coverage policies, particularly for expensive biological 
agents.

Timeframe: Ongoing
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Appendix A

Public Meeting Agendas and 
Submissions to the Committee

FIRST PUBLIC MEETING

February 21, 2019
Keck Center of the National Academies

500 Fifth Street, NW
Washington, DC 20001

Open Session

1:15–1:20 p.m.	 Opening Remarks; Conduct of the Open Session
	� Marie Clare McCormick, M.D., Sc.D.,  

Committee Chair

1:20–2:30	 Charge to the Committee and Discussion
	� ADM Brett P. Giroir, M.D., Assistant Secretary for 

Health, U.S. Department of Health and Human 
Services

	� CAPT David Wong, M.D., Medical Of�cer, Of�ce 
of Minority Health, U.S. Department of Health and 
Human Services

2:30–2:50	 Epidemiology of Sickle Cell Disease in the United States
	� Mary Hulihan, Dr.P.H., Health Scientist, Epidemiology 

and Surveillance Branch, Division of Blood Disorders, 
Centers for Disease Control and Prevention
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2:50–3:10	 Clinical Complications and Care Delivery
	� Alexis Thompson, M.D., M.P.H., Professor of 

Pediatrics, Ann & Robert H. Lurie Children’s Hospital 
of Chicago; President, American Society of Hematology

3:10–3:30	 Therapeutic Approaches for Sickle Cell Disease
	� James G. Taylor VI, M.D., Center for Sickle Cell 

Disease, Howard University

3:30–4:00	� The Role of Advocacy in Improving the Patient Experience 
and Outcomes

	� Shirley Miller, M.A., Patient Advocate, Atrium Health

	� Lakiea Bailey, Ph.D., Executive Director, Sickle Cell 
Community Consortium

4:00–4:30	 Public Comment

SECOND PUBLIC MEETING

April 16, 2019
Keck Center of the National Academies

500 Fifth Street, NW
Washington, DC 20001

Open Session

9:30 a.m.	 Welcome and Opening Remarks
	� Marie Clare McCormick, M.D., Sc.D., Committee Chair

9:45	� Panel 1: The Impact of Sickle Cell Disease on Patients, 
Families, and Communities

	� Facilitator: Charmaine Royal, Ph.D., M.S., Committee 
Member

9:45–9:50	 Panel Introductions

9:50–10:00	� Derek Robertson, M.B.A., J.D., Patient Advocate; 
Co-Founder, Maryland Sickle Cell Disease Association

10:00–10:10	� Adrienne Bell-Cors Shapiro, Co-Founder and Science 
Administrator, Axis Advocacy
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10:10–10:20	� Tosin Ola, RN, BSN, Founder and President, Sickle 
Cell Warriors

10:20–10:30	 Beatrice Bowie, Patient

10:30–10:50	 Discussion

10:50	 Break

11:05	� Panel 2: Addressing the Needs of Sickle Cell Patients 
Across the Life Span

	� Facilitator: Lori Crosby, Psy.D., Committee Member

11:05–11:10	 Panel Introductions

11:10–11:25	� Tracie Bullock Dickson, Ph.D., Education Program 
Specialist, Of�ce of Special Education and 
Rehabilitative Services, U.S. Department of Education

	� Carmen Sánchez, Education Program Specialist, Of�ce 
of Special Education and Rehabilitative Services, U.S. 
Department of Education

11:25–11:35	� Richard P. Weishaupt, J.D., Senior Attorney, Health 
and Human Services, Community Legal Services of 
Philadelphia

11:35–11:45	� Wanda Whitten-Shurney, M.D., Chief Executive 
Of�cer and Medical Director, Sickle Cell Disease 
Association of America, Michigan Chapter, Inc.

11:45 a.m.–	 Discussion 
12:05 p.m.

12:05	 Lunch

12:45	� Panel 3: Health Care for Sickle Cell: Health 
Professional Awareness and Education

	� Facilitator: Mary Catherine Beach, M.D., Committee 
Member

12:45–12:50	 Panel Introductions
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12:50–1:00	� Barbara Speller-Brown, D.N.P., P.N.P.-B.C., Director, 
SCD Transition Clinic; Lead Sickle Cell Translational 
Research APN, Children’s National Health System

1:00–1:10	� Jeffrey Glassberg, M.D., Associate Professor, 
Emergency Medicine; Hematology and Medical 
Oncology, Mount Sinai

1:10–1:20	� Charles Jonassaint, Ph.D., Assistant Professor of 
Medicine, Social Work and Clinical and Translational 
Science, Department of Medicine, University of 
Pittsburgh

1:20–1:40	 Discussion

1:40	 Break

1:55	 Panel 4: Curative Therapies for Sickle Cell Disease
	� Facilitator: Darius Lakdawalla, Ph.D., Committee 

Member

1:55–2:00	 Panel Introductions

2:00–2:10	� Betsy Myers, Ph.D., Program Director for Medical 
Research, Doris Duke Charitable Foundation

2:10–2:20	� Mark Walters, M.D., Program Director, Alpha Stem 
Cell Clinic; Medical Director, Jordan Family Center 
for Bone Marrow Transplant & Cellular Therapies 
Research, University of California, San Francisco, 
Benioff Children’s Hospital of Oakland

2:20–2:30	� Edward Benz, Jr., M.D., Executive Director, National 
Institutes of Health Cure Sickle Cell Initiative

2:30–2:40	� Celia Witten, Ph.D., M.D., Deputy Director, Center 
for Biologics Evaluation and Research, U.S. Food and 
Drug Administration

2:40–3:00	 Discussion

3:00	 Public Comments
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3:45	 Closing Remarks
	� Marie Clare McCormick, M.D., Sc.D., Committee Chair

4:00	 OPEN SESSION ENDS

THIRD PUBLIC MEETING

June 3, 2019
Keck Center of the National Academies

500 Fifth Street, NW
Washington, DC 20001

Open Session

1:00 p.m.	 Welcome and Opening Remarks
	� Marie Clare McCormick, M.D., Sc.D., Committee Chair

1:15	� Panel 1: Organizing and Managing Care for Sickle Cell 
Disease

	� Facilitator: Ellen Riker, Senior Vice President, CRD 
Associates

	 Panelists:
		�  Brynn Bowman, M.P.A., Vice President of 

Education, Center to Advance Palliative Care

		�  Kathryn Sabadosa, M.P.H., Senior Research 
Director, The Dartmouth Institute; Cystic Fibrosis 
Foundation’s Quality Improvement Initiative

		�  Amy Shapiro, M.D., Chief Executive Of�cer and 
Co-Medical Director, Indiana Hemophilia and 
Thrombosis Center, Inc.

		�  Emily Riehm Meier, M.D., M.S.H.S., Pediatric 
Hematologist and Director, Sickle Cell Research, 
Indiana Hemophilia and Thrombosis Center, Inc.

		�  Donna McCurry, A.P.R.N., F.N.P.-B.C., Senior 
Nurse Practitioner and Program Manager, 
Comprehensive Sickle Cell Resource Center, 
Truman Medical Centers, Kansas City, Missouri

2:25	 Break
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2:35	 Panel 2: Paying for Sickle Cell Disease Care
	� Facilitator: Cheryl Damberg, Ph.D., Distinguished 

Chair in Health Care Payment Policy and Principal 
Senior Researcher, RAND Corporation

	 Panelists:
		�  Sara van Geertruyden, J.D., Executive Director, 

Partnership to Improve Patient Care

		�  Marc Manley, M.D., M.P.H., Chief Medical Of�cer, 
Hennepin Health

		�  Stephen Cha, M.D., Chief Medical Of�cer, 
UnitedHealthcare Community & State

		�  Ruth Krystopolski, Senior Vice President, 
Population Health, Atrium Health

		�  Ronald M. Kline, M.D., Medical Of�cer, Patient 
Care Models Group, Center for Medicare and 
Medicaid Innovation, Centers for Medicare & 
Medicaid Services

3:55	 Break

4:05	� Panel 3: Patient Perspectives on Health Care Access, 
Innovative Therapies, and Other Related Issues

	� Facilitator: Marie Clare McCormick, M.D., Sc.D.,  
Committee Chair

	 Panelists:
		  Shauna H. Whisenton
		  Jennifer Nsenkyire
		  Teonna Woolford
		  Jacques (Jackie) Jackson

5:10	 Public Comments

5:30	 Closing Remarks
	� Marie Clare McCormick, M.D., Sc.D.,  Committee Chair

5:45	 OPEN SESSION ENDS
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FOURTH PUBLIC MEETING

July 9, 2019
Parker H. Petit Institute for Bioengineering and Biosciences building

315 Ferst Drive, NW, Atlanta, GA 30332
Suddath Room

Open Session

9:30–10:15 a.m.	� Hemophilia of Georgia Center for Bleeding and 
Clotting Disorders of Emory

	� Christine L. Kempton, M.D., M.Sc., Director

10:15–10:45	 SCD as a Public Health Issue and CDC Efforts
	 Mary Hulihan, Dr.PH.

10:45–11:00	 Break

11:00 a.m.–	 Patient Panel
12:30 p.m.	� Facilitator: Marie Clare McCormick, Committee Chair
		  Zyekevious (Zye) Barnes
		  Bryan Belcher
		  Marquis Belton
		  Gregory (Greg) Green
		  Jonathan Hamilton
		  Elijah Henry
		  Michael Thomas

12:30–1:30	 Lunch

1:30–2:00	 Travel to Site Visit Location

2:00–3:15	 Site Visit: Grady Memorial Sickle Cell Center



Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

426	 ADDRESSING SICKLE CELL DISEASE

PREPUBLICATION COPY—Uncorrected Proofs

FIFTH PUBLIC MEETING

September 11, 2019
Keck Center of the National Academies

500 Fifth Street, NW
Washington, DC 20001

Open Session

9:00–10:30 a.m.	� Panel: SCD Therapies: Products in Development, 
the Regulatory Process, and Considerations for Access

	� Facilitator: Enrico Novelli, M.D., Committee Member
	 Panelists:
		�  Bernard Dauvergne, Pharm.D., Executive Director, 

Addmedica

		�  Brian M. Elliott, M.D., Clinical Development 
Medical Director, Novartis

		�  Tony Ho, M.D., Executive Vice President of 
Research & Development, CRISPR Therapeutics

		�  Ted Love, M.D., President and Chief Executive 
Of�cer, Global Blood Therapeutics

	 Closing Remarks and Discussion
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Appendix B

Literature Search Terms and Strategy

Search 
No. Search Terms

Sickle Cell Disease OR Sickle Cell Trait.mp [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, unique identi�er]

AND

Introduction # found: 9,588

1 *Legislation OR Law

2 *Epidemiology

3 *Prevalence

4 *Incidence

5 *Health Outcomes OR Outcome Measures

6 *Risk Factors

7 *�Complications (stroke, ACS, pain crises, kidney 
and heart issues, etc.)

8 *Thalassemia

9 *Heredity

10 *Anemia

11 *Hemoglobinopathy

12 *Gene

13 *Pain Crisis/Vaso-Occlusive Crises

14 *Hemoglobin S

continued
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Search 
No. Search Terms

15 *Homozygosity

16 *Red Blood Cells

17 Morbidity

18 Mortality

19 Pathophysiology

20 Global Burden

Structural Determinants # found: 1,373

21 *�Economic Burden or Unmet Need or Burden of 
Health or Burden of Illness

22 *Health Disparities

23 *Cost

24 *Cost of Care

25 *�Financial Impact OR Economic Hardship 
OR Poverty

26 *�Life Course OR Life Course Perspective OR 
Life course

27 *Education

28 *Employment

29 Bias (search before 1990)

30 Health Literacy

31 Stigma (search before 1990)

32 Discrimination (search before 1990)

33 Racism (search before 1990)

Screening Surveillance # found: 1,405

34 *�Federal Programs OR State Programs OR 
Local Programs

35 *Surveillance

36 *Registries

37 *Screening OR Prevention

38 *Screening (newborn, etc.)

39 *Limitations

40 *Bioethics

41 *Ethics

42 *Medical Ethics

43 *Genetic Counseling

44 *Reproductive Counseling
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Search 
No. Search Terms

Health Care Organization and Delivery # found: 2,428

45 *Healthcare Barriers

46 *Access to Care

47 *Care Delivery

48 **Insurance

49 **Medicaid

50 **Medicare

51 **Commercial insurance

52 **Commercial Payers

53 **Payers

54 **Payment policy

55 *Disease Management

56 *Care Management

57 *Pain Management

58 *Psychosocial E�ects

59 Geographical Barriers

60 Emergency Care or Emergency Department

61 Mental Health

62 Behavioral Health

63 Cognitive De�cit OR Cognitive Impairment

64 Transcranial Doppler

65 Federally Quali�ed Healthcare Centers

Quality of Care # found: 715

66 *“Best Practices for Care”

67 *Pediatric Care

68 *Adult Care

69 *Quality of Life

70 **Patient-centered

71 **Clinical guidelines

72 **Primary care providers

73 **Clinical guidelines

74 *Patient Engagement OR Family Engagement

continued
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Search 
No. Search Terms

Workforce Issues # found: 1,091

75 *Workforce Development or Workforce Needs

76 *Community Health Workers

77 *Employment

78 **Advanced practice nurse

79 **Advanced practiced provider

80 **Nursing OR Nurses OR Nurse Practitioners

81 **Family physicians

82 Hospitalists

83 Benign Hematology

84 Training (Medical students or Residents)

Internal Medicine

Social Workers

Psychologists

Advocacy and Community Engagement # found: 569

85 *Patient Advocacy

86 *Community Engagement

87 *Funding

88 *Research

89 *Patient Education OR Family Education

90 *Social Support

91 Policy

Current and Innovative Therapeutic Approaches 
and the Search for a Cure

# found: 5,611

92 *Treatment

93 *Non-pharmacological Therapies

94 *Skill-based Therapies

95 *Educational OR Psychological Therapies

96 *Gene editing OR Gene Replacement

97 *Stem Cell Therapy OR Hematopoietic Stem Cells

98 *Hydroxyurea

99 *Endari/L-glutamine

100 *Epigenetics

101 Clinical Trials
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Search 
No. Search Terms

NASEM/IOM Studies # found: 6

102 NIH COPD Action Plan

103 NASEM: Rare Diseases and Orphan Products: 
Accelerating Research and Development Report

104 NASEM: Communities in Action: Pathways to Health 
Equity Report

105 NASEM: Epilepsy Across the Spectrum: Promoting 
Health and Understanding Report

106 NASEM: A National Strategy for the Elimination of 
Hepatitis B and C: Phase Two Report

107 NASEM: Unequal Treatment Report
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Appendix C

Committee and Staff Biographies

COMMITTEE

Marie Clare McCormick, M.D., Sc.D. ( Chair), is the Sumner and Esther 
Feldberg Professor of Maternal and Child Health (Emerita), a professor 
of pediatrics, and a pediatrician with a second doctorate in health services 
research. Her research has focused on the effectiveness of perinatal and 
neonatal health services, and the effect they have on the health of women 
and children. Dr. McCormick’s research has also given particular attention 
to the outcomes of premature infants. She has been a senior investigator 
on the evaluations of national demonstration programs such as the Robert 
Wood Johnson Foundation National Perinatal Regionalization Program. 
She was also an investigator for the federal Healthy Start Program. In addi-
tion, she has provided substantial input to the design and conduct of Infant 
Health and Development Project, which is the largest, multisite randomized 
trial of early childhood educational intervention. Dr. McCormick received 
her M.D. and Sc.D. from Johns Hopkins University and her B.A. from 
Emmanuel College. Dr. McCormick is a member of the National Academy 
of Medicine and a recipient of the David Rall Medal.

Gilda Barabino, Ph.D., is the president of the Olin College of Engineering. 
She previously served as the Daniel and Frances Berg Professor and dean 
of engineering at The City College of New York’s (CCNY’s) Grove School of 
Engineering. Prior to joining CCNY, Dr. Barabino served as the associate 
chair for graduate studies and a professor in the Wallace H. Coulter Depart-
ment of Biomedical Engineering and the vice provost for academic diversity 
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at Georgia Tech and Emory University. She has also held appointments at 
Northeastern University. Dr. Barabino is an elected member of the National 
Academy of Engineering and a member of the National Academies’ Commit-
tee on Women in Science, Engineering, and Medicine. Dr. Barabino’s labo-
ratory focuses on vascular and orthopedic tissue engineering research. She 
also works to �nd novel therapeutic strategies that will improve the health 
of those who suffer from sickle cell disease and related complications. Dr. 
Barabino received her B.S. in chemistry from Xavier University of Louisiana 
and her Ph.D. in chemical engineering from Rice University.

Mary Catherine Beach, M.D., M.P.H., is a professor of medicine at the 
Johns Hopkins University School of Medicine. She holds a joint appoint-
ment in health and behavior and society at the Johns Hopkins Bloomberg 
School of Public Health. Dr. Beach’s scholarship about respect and relation-
ships in health care encompasses both empirical and conceptual dimensions. 
Dr. Beach is currently conducting research on the theoretical foundations of 
respect and the impact of physician attitudes and patient–physician com-
munication on patients in the primary care setting, in the treatment of HIV 
and substance abuse, and in the treatment of sickle cell disease. Dr. Beach 
is on the editorial board for Patient Education and Counseling and on the 
advisory board for Communication in Medicine.

Lori E. Crosby, Psy.D., is a professor of pediatrics and a clinical psycholo-
gist. She is the co-director of innovations in community research and co-
directs the Cincinnati Clinical Translational Science Award’s Community 
Engagement Core. Dr. Crosby’s research focuses on community engage-
ment, self-management, quality improvement, sickle cell disease, health 
disparities, and patient-centered outcomes and has been funded by the Na-
tional Institutes of Health, the Agency for Healthcare Research and Quality, 
and the Patient-Centered Outcomes Research Institute. She is an elected 
fellow of the American Psychological Association and a faculty member in 
the Department of Pediatrics at the University of Cincinnati (UC) College 
of Medicine, the Division of Behavioral Medicine at Cincinnati Children’s 
Hospital Medical Center, and the Department of Hematology/Oncology 
at UC Health (adjunct). Dr. Crosby previously served as a member of a 
National Heart, Lung, and Blood Institute workgroup that developed 2020 
Healthy People objectives for individuals affected by sickle cell disease and 
an American Psychological Association on Advancing Practice. Dr. Crosby 
received her Psy.D. from Wright State University and completed her pedi-
atric residency/internship at Cincinnati Children’s Hospital Medical Center.

Amy Dawson, M.D., M.P.H., FAAFP, is the associate director and the 
medical director at the Fort Wayne Medical Education Program, a family 



Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

APPENDIX C	 435

PREPUBLICATION COPY—Uncorrected Proofs

medicine residency program with dual accreditation by both the Accredi-
tation Council for Graduate Medical Education and the American Osteo-
pathic Association. After earning her M.D. from The Ohio State University, 
Dr. Dawson trained in family medicine at the Fort Wayne Medical Educa-
tion Program. Following her training, she spent 3 years in private practice 
at Brooklyn Medical Associates, followed by 4.5 years as the medical direc-
tor of the Matthew 25 Health and Dental, and almost 4 years practicing in 
Quito, Ecuador. In July 2012, she moved back to Indiana and joined the 
faculty of the Fort Wayne Medical Education Program as the medical direc-
tor of the Family Medicine Clinic, training new family medicine doctors to 
provide great health care now and in the future.

Darius Lakdawalla, Ph.D., is the Quintiles Chair in Pharmaceutical Devel-
opment and Regulatory Innovation at the University of Southern California 
(USC), where he sits on the faculties of the School of Pharmacy and the Sol 
Price School of Public Policy. He also serves as the director of research at 
the Leonard D. Schaffer Center for Health Policy and Economics at USC, 
one of the nation’s premier health policy research centers. Dr. Lakdawalla 
is currently a research associate at the National Bureau of Economic Re-
search and serves as an associate editor for the Review of Economics and 
Statistics, the Journal of Health Economics, and the American Journal of 
Health Economics. He is considered an expert in the �eld of health policy 
and economics, with his research focusing primarily on the economics 
of risks to health, the value and determinants of medical innovation, the 
economics of health insurance markets, and the industrial organization of 
healthcare markets. Dr. Lakdawalla received his Ph.D. in economics from 
the University of Chicago and his B.A. in mathematics and philosophy from 
Amherst College.

Bernard (Bernie) Lopez, M.D., M.S., is the executive vice chair in the 
Department of Emergency Medicine, a team emergency physician for the 
Philadelphia Flyers, the associate dean of diversity and community engage-
ment at the Sidney Kimmel Medical College, and the associate provost of 
diversity and inclusion at Thomas Jefferson University. Dr. Lopez’s research 
interests include clinical and basic science aspects of acute vaso-occlusive 
sickle cell crisis in adult emergency department patients and unconscious 
bias and its role in health disparities. Dr. Lopez received his M.D. from the 
Sidney Kimmel (formerly Jefferson) Medical College.

Jonathan D. Moreno, Ph.D., is a David and Lyn Silfen University Professor 
of Ethics at the University of Pennsylvania in the Department of Medi-
cal Ethics and Health Policy. He is the author of several books on ethics. 
Dr. Moreno received his Ph.D. from Washington University and his B.A. 
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from Hofstra University. Dr. Moreno is a member of the National Academy 
of Medicine.

Enrico M. Novelli, M.D., M.S., is an associate professor of medicine at 
the University of Pittsburgh and an expert in sickle cell disease. He re-
ceived his fellowship training in Hematology/Oncology at the University 
of Pittsburgh Medical Center (UPMC). Dr. Novelli has served as the direc-
tor of the UPMC Adult Sickle Cell Program since 2007 and as the chief 
of the section of benign hematology at UPMC since 2018. Dr. Novelli’s 
research focus is on vascular dysfunction and biomarker development 
in sickle cell disease, with a special interest in the area of cognitive dys-
function, for which he has received uninterrupted National Institutes of 
Health (NIH) funding. He has numerous publications in sickle cell disease 
and has served as a scienti�c reviewer for many journals, NIH, and the 
American Heart Association. He is a member of several American Society 
of Hematology committees. Dr. Novelli has been actively interested in ad-
vancing hematological care in low-income countries and has led the �rst 
two hemophilia symposia in Tanzania under the auspices of a partnership 
between the World Federation of Hemophilia, the Tanzanian Hemo-
philia Chapter, and the Hemophilia Center of Western Pennsylvania. In 
2015, he was elected as co-chair of the American Society of Hematology 
African Newborn Screening and Early Intervention Consortium in sickle 
cell disease. This ambitious initiative aims to bring together institutions 
in sub-Saharan Africa to introduce standardized practices for screening 
and early intervention therapies (such as penicillin prophylaxis and vac-
cinations) with the goal of decreasing childhood mortality rates for sickle 
cell disease.

Ifeyinwa (Ify) Osunkwo, M.D., M.P.H., is the director for the Sickle Cell 
Disease Enterprise at Atrium Health’s Levine Cancer Institute, serving ap-
proximately 1,400 adults and 400 children living with sickle cell disease 
(SCD). She is a clinical associate professor of medicine at the University of 
North Carolina at Chapel Hill and a life-span hematologist who special-
izes in health services outcomes in SCD with a speci�c focus on transition 
from pediatrics to adult care chronic pain, health literacy, and patient 
engagement. She is also an implementation science researcher with a spe-
ci�c focus on sickle cell disease. Dr. Osunkwo has more than 25 years of 
experience in clinical management and population health for SCD as it 
relates to chronic disease management, quality improvement, and program 
development. She is a principal investigator on the Education and Men-
toring to Bring Access to CarE Network, a regional collaborative focused 
on increasing access to care for individuals living with SCD in the south-
east United States and leads the Sickle Cell Trevor Thompson Transition 
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Project, a multicenter study to compare the effectiveness of a structured 
education-based transition program with or without peer mentoring on 
transition outcomes among emerging adults with SCD. Dr. Osunkwo 
serves on the board of the Sickle Cell Adult Providers Network and on 
several committees for the American Society of Hematology (ASH), namely 
the ASH Communications Committee, the ASH Cardiopulmonary and 
Renal Guidelines subcommittee, and on the editorial board for The Hema-
tologist and Hematology News. Dr. Osunkwo received her M.D. from the 
University of Nigeria and her M.P.H. from the Johns Hopkins Bloomberg 
School of Public Health. She completed her clinical training at the Uni-
versity of Medicine and Dentistry of New Jersey (pediatric residency) and 
Columbia University (fellowship in pediatric hematology/oncology and 
bone marrow transplant).

Susan Paulukonis, M.P.H., M.A., is the program director of the Califor-
nia Rare Disease Surveillance Program at Tracking California, a partner-
ship between the Public Health Institute and the California Department 
of Public Health. Her expertise is in using population surveillance meth-
odologies to gather information on those affected by rare, non-reportable 
diseases, determining the incidence and prevalence of such disorders 
and their outcomes and impact. This work also identi�es and highlights 
those resources that may be needed to improve quality of life for affected 
populations. The primary focus of her work is sickle cell disease, but 
the program has also conducted population surveillance in amyotrophic 
lateral sclerosis, Parkinson’s disease, and human health impacts of expo-
sure to cyanotoxins. Dr. Paulukonis was responsible for management of 
California’s Registry and Surveillance System for Hemoglobinopathies 
and Public Health, Epidemiology, Research and Surveillance in Hemo-
globinopathies programs prior to her direction of the state’s Sickle Cell 
Data Collection Program. Dr. Paulukonis received her M.P.H. from the 
University of California, Berkeley, and her M.A. and B.A. from San 
Francisco State University.

Charmaine Royal, Ph.D., M.S., is an associate professor of African and 
African American studies, biology, global health, and family medicine and 
community health at Duke University. She also has appointments in the 
Duke Initiative for Science & Society, the Kenan Institute for Ethics, and the 
Social Science Research Institute, where she directs the Center on Genom-
ics, Race, Identity, Difference and the Center for Truth, Racial Healing & 
Transformation. Dr. Royal conducts research on scienti�c, clinical, ethical, 
social, and policy implications of genetic and genomic research globally, 
and leads or is involved in a variety of domestic and international projects 
on sickle cell disease and sickle cell trait. She received her Ph.D. in hu-
man genetics and M.S. in genetic counseling from Howard University, and 
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completed postgraduate training at the National Human Genome Research 
Institute of the National Institutes of Health.

J. Andrew Orr-Skirvin, Pharm.D., BCOP, is an associate clinical professor 
at Northeastern University in the Department of Pharmacy and the Depart-
ment of Health Systems Sciences. He specializes in hematology/oncology 
pharmacy practice. Dr. Skirvin’s research is in supportive care, which in-
cludes pain management, nausea and vomiting, neutropenic fever, long-
term complication, and growth factor support. He received his Pharm.D. 
from The University of Texas at Austin and The University of Texas Health 
Science Center at San Antonio. He received his B.S. in pharmacy from 
Oregon State University.

Kim Smith-Whitley, M.D., M.P.H., is the director of the Comprehensive 
Sickle Cell Center, clinical director of the Division of Hematology, and 
a professor of pediatrics at the Children’s Hospital of Philadelphia. She 
holds the Elias Schwartz, M.D., Endowed Chair in Hematology. Her 
research focus is on sickle cell disease (SCD)-related complications, par-
ticularly infections and pulmonary issues as well as improving long-term 
therapies and the transition process from pediatric- to adult-focused 
care. Through multiple projects and advocacy efforts she hopes to in-
crease access to high-quality care and foster the development of new 
therapeutics including curative therapies for children and adults with 
SCD. She is the initiator of two programs at the Children’s Hospital of 
Philadelphia (CHOP): a short-stay at the Hematology Acute Care Unit 
and The Blue Tie Tag program to recruit blood donors for pediatric 
transfusions. Dr. Smith-Whitley received her M.D. from The George 
Washington University School of Medicine then completed residency 
training at Children’s National Hospital and pediatric hematology-
oncology fellowship at CHOP.

STAFF

Henrietta Awo Osei-Anto, M.A., M.P.P., is a senior program of�cer in 
the Health and Medicine Division at the National Academies of Sci-
ences, Engineering, and Medicine. She previously led the payment and 
health system transformation Collaborative within the National Acad-
emy of Medicine’s Leadership Consortium for a Value & Science-Driven 
Health System. Before joining the National Academies, Ms. Osei-Anto 
completed a fellowship at Ithaca College where she taught courses on 
inequalities in the U.S. health care system. She has worked with leaders of 
multiple sectors of the health care industry on issues of quality improve-
ment, ef�ciency, and equity in the health care system. She was a senior 
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researcher at the Health Research and Educational Trust of the American 
Hospital Association, where she managed externally funded projects to 
implement and evaluate programs to improve quality and reduce cost in 
the care delivery setting. In this role, she developed tools to help health 
care leaders effectively prepare their organizations for key health reform 
provisions pertaining to readmissions, bundled payment, accountable 
care organizations, and patient-centered medical homes. Ms. Osei-Anto 
has also served as a consultant to pharmaceutical companies and patient 
advocacy groups to help them strategically engage in federal health poli-
cies. Ms. Osei-Anto earned a bachelor’s degree in economics and inter-
national studies from Illinois Wesleyan University; a master’s degree in 
public policy and a certi�cate in health administration and policy from 
the University of Chicago; and is currently a doctoral candidate in health 
policy at Brandeis University.

Karen M. Anderson, Ph.D., is a senior program of�cer in the Health and 
Medicine Division at the National Academies of Sciences, Engineering, 
and Medicine. She is the director of the Roundtable on the Promotion of 
Health Equity and recently directed a consensus study on the potential links 
among housing, health, and homelessness. She also worked on consensus 
studies relating to LGBT health and HIV/AIDS. Dr. Anderson earned a 
Ph.D. in experimental psychology from the University of Pittsburgh. Her 
professional experiences include positions involving the intersection of 
social sciences, public health research, and public policy, including time 
as a staff member in the U.S. House of Representatives for the Commit-
tee on Education and Labor, and as a faculty member of the Department 
of Pediatrics at Howard University. Dr. Anderson has expertise in health 
disparities, homelessness, adolescent development, reproductive health is-
sues, HIV/AIDS, and LGBT issues.

Cyndi Trang, B.S., is a research associate in the Health and Medicine 
Division at the National Academies of Sciences, Engineering, and Medi-
cine. She is working on several National Academies studies on sickle cell 
disease; evidence-based opioid prescribing; and decarbonization, as well as 
workshops on veterans’ health access, biomarkers to establish impairment, 
and advancing diagnostic excellence. She has also assisted with numerous 
National Cancer Policy Forum workshops ranging from topics of cancer 
care in low-resource areas to patient navigation in cancer care. Prior to 
joining the National Academies, Ms. Trang was a cancer research fellow at 
the National Cancer Institute, where she worked in the Gene Regulation 
and Chromosome Biology Laboratory. In addition to her experience in 
public health policy and laboratory research, Ms. Trang also has experience 
in the medical �eld as a former chief scribe at Novant Health. Ms. Trang 
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graduated as an Honors Program Scholar from Marymount University, 
magna cum laude, with a major in biology, minor in physical science, and 
a concentration in molecular biology. She is currently pursuing her master’s 
degree in patient safety and health care quality at Johns Hopkins University.
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Appendix D

Newborn Screening Results  
Reporting Protocols for  

Sickle Cell Disease and Sickle Cell Trait

Background: The Association of Public Health Laboratories (APHL) received 
a data request from the National Academies of Sciences, Engineering, and 
Medicine’s Addressing Sickle Cell Disease: A Strategic Plan and Blueprint 
for Action Project—speci�cally on information on how newborn screening 
(NBS) programs report screening results for sickle cell disease (SCD) and 
sickle cell trait (SCT) (i.e., follow-up processes).

Methods: APHL’s Newborn Screening and Genetics Program in collabora-
tion with the National Academies SCD committee developed a short sur-
vey that would gather information and provide an understanding of what 
occurs in SCD and SCT NBS results reporting. APHL distributed a PDF 
version of the survey to six state NBS program representatives (Colorado, 
Connecticut, Florida, New Jersey, Tennessee, and Washington) of the 
APHL Hemoglobinopathy Laboratory Workgroup on September 10, 2019. 
Respondents were asked to review the questions and provide availability 
for a phone call with APHL staff to answer the survey questions verbally 
on September 13, 2019.

Results: All six respondents provided answers (�ve via telephone and one 
via e-mail). In accordance with APHL’s Data Access and Sharing policy, the 
reports and �ndings related to the survey will only be released in aggregate 
without individual identi�ers.
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Sickle Cell Disease (SCD) NBS Results Reporting
�x	 All six NBS programs have a standardized protocol (written and 

formal versus informal) for informing parents of their children’s SCD 
status and have a required turnaround time to communicate results.

�x	 The turnaround time for communicating NBS SCD results ranges 
from 24 hours to a few weeks.

�x	 Communicating SCD results vary in protocol as noted by each NBS 
program.

�x	 Approximately 98–100 percent of babies who screen positive 
receive follow-up in 1 year.

Sickle Cell Trait (SCT) NBS Results Reporting
�x	 All six NBS programs have a standardized protocol for informing 

parents of their children’s SCT status and �ve NBS programs have 
a required turnaround time to communicate results.

�x	 The turnaround time for communicating NBS SCT results ranges 
from 1 week to 6 weeks.

�x	 Communicating SCT results vary in protocol as noted by each NBS 
program.

�x	 The �ve NBS programs that have a follow-up protocol for SCT are 
not able to provide the percent of newborns who screen positive 
for SCT and receive follow-up in 1 year. The �ve NBS programs 
distribute letters to parents and/or primary care providers and the 
NBS program does not get additional information after this.

�x	 One state NBS program provides SCT results to any university or 
organization that reaches out if properly authorized.

Survey: Newborn Screening Results Reporting Protocols for Sickle Cell Disease 
and Trait Survey

APHL received a data request from the National Academies SCD committee 
speci�cally on information on how NBS programs report screening results for 
SCD and SCT (i.e., follow-up processes). The purpose of the survey is to gather 
the requested information. Your participation is vital to providing an under -
standing of what occurs in results reporting. In accordance with APHL’s Data 
Access and Sharing policy, the reports and �ndings related to this survey will 
be released only in aggregate data form without individual identi�ers. Thank 
you for considering this opportunity to make a meaningful contribution.

  1.	 Please tell us who you are:
	 �x	 First Name, Last Name
	 �x	 Title
	 �x	 Phone number, email address
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Sickle Cell Disease (SCD):
  2.	 Does your NBS program have a standardized protocol for inform-

ing parents of their children’s SCD status?
	 a.	 No
	 b.	 Yes

	 �x	 If yes, can you share it or point us to it?
  3.	 Is there a required turnaround time for communicating results?

	 a.	 No
	 b.	 Yes

  4.	 What is the average time of returning results?
  5.	 What are the procedures for follow-up once parents have been 

noti�ed?
  6.	 What percent of babies who screen positive subsequently receive 

follow-up in 1 year?

Sickle Cell Trait (SCT):
  7.	 Does your NBS program have a standardized protocol for informing 

parents of their children’s SCT status?
	 a.	 No
	 b.	 Yes

	 �x	 If yes, can you share it or point us to it?
  8.	 Is there a required turnaround time for communicating results?

	 a.	 No
	 b.	 Yes

  9.	 What is the average time of returning results?
10.	 What are the procedures for follow-up once parents have been 

noti�ed?
11.	 What percent of babies who screen positive subsequently receive 

follow-up in 1 year?
12.	 Does your state work with any universities or other organizations to 

provide SCT screening results for speci�c groups such as athletes?
	 a.	 No
	 b.	 Yes

	 �x	 If yes, please explain.
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Appendix E

Sickle Cell Data Collection Program

ABOUT

The Sickle Cell Data Collection (SCDC) program collects informa-
tion on health status for patients living with sickle cell disease (SCD). The 
program was developed by the Centers for Disease Control and Prevention 
(CDC) Foundation in collaboration with the CDC Division of Blood Disor -
ders, the California Rare Disease Surveillance Program, the Georgia Health 
Policy Center, P�zer Inc., Global Blood Therapeutics, Sano�, and the Doris 
Duke Charitable Foundation. It is the �rst program to collect population-
based data from multiple sources over an extended number of years. The 
SCDC program was built on previous surveillance programs from CDC 
and the National Heart, Lung, and Blood Institute called the Public Health 
Research, Epidemiology, and Surveillance in Hemoglobinopathies and the 
Registry and Surveillance System for Hemoglobinopathies.

PROGRAM ORGANIZATION

As of September 2019, only the states of California and Georgia par-
ticipate in the SCDC program. California’s program is called the Public 
Health Institute’s Tracking California program, and Georgia’s program is 
called Georgia State University’s Georgia Health Policy Center. Together, 
they form the SCDC program.
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FUNDING

Because there are no federal resources able to fund a national surveil-
lance system, the program is funded through a partnership with the CDC 
Foundation. The CDC Foundation receives their funding support from 
the following partners: Global Blood Therapeutics, P�zer Inc., and the 
Doris Duke Charitable Foundation. Funding supports �eld staff, partner-
ships between the states of California and Georgia, and any meetings or 
project-related travel. The program intends to expand to additional states 
as resources become available.

PROGRAM PURPOSE AND GOALS

The purpose of the SCDC program is to help understand where people 
with SCD live in the United States and provide resources for patients to 
locate the nearest care providers and facilities. The overall goal of the pro-
gram is to improve the quality of life and life expectancy within the SCD 
population.

DATA COLLECTION AND USE

Data are collected through newborn screening records, administrative 
datasets (hospital discharge, emergency department, and Medicaid), death 
records, and medical charts. The collected data is used to improve public 
policy and study long-term trends that may appear in diagnosis, treatment, 
and health care access within the United States.

PATIENT AND PUBLIC ENGAGEMENT

The SCDC program engages patients and the public by sharing all 
�ndings with patients and patient advocates, public health organizations, 
SCD community organizations, providers, health care administrators, phar-
maceutical companies, and policy makers. In addition, the program gives 
patients the educational resources necessary to make sound decisions about 
their care. Some educational resources include videos detailing stories of 
individuals living with SCD, infographics, blog articles, fact sheets, social 
media content, and quarterly webinars of experts discussing the most recent 
information regarding SCD. The resources provided by the SCDC pro-
gram allow patients to properly self-advocate, stay in communication with 
the larger SCD community, and remain current on recent SCD research 
�ndings.
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RESULTS

Because of extensive data collection, the SCDC program successfully 
identi�es gaps in the areas of diagnosis, treatment, and health care status 
for SCD patients and the medical community.

SOURCE: CDC. 2020. Sickle Cell Data Collection (SCDC) program. https://
www.cdc.gov/ncbddd/hemoglobinopathies/scdc.html (accessed December 17, 
2019).
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Appendix F

Georgia Comprehensive Sickle 
Cell Center: A Case Study

July 9, 2019, National Academies SCD Committee Site Visit

ABOUT

The Georgia Comprehensive Sickle Cell Center located at Grady Me-
morial Hospital in Atlanta, Georgia, was established in 1984. The purpose 
of the center is to provide the most basic education, clinical research, labo-
ratory diagnosis, counseling, and patient care for sickle cell patients. It was 
the �rst comprehensive care clinic in the world to be open 24 hours per day 
for individuals with sickle cell disease (SCD). To this day, it is still the only 
comprehensive SCD care center in the state of Georgia.

ORGANIZATION

The Georgia Comprehensive Sickle Cell Center has an outpatient clinic 
4 days per week. In addition, it has a 24 hours per day, 7 days per week 
emergency room with 11 beds speci�cally for those with SCD. The Center 
has more than 4,000 visits per year for acute care. Acute care has an ad-
mission rate of 16 percent and sends home approximately 84 percent of 
the individuals seen. The Center is run in collaboration with the Emory 
University School of Medicine and Grady Memorial Hospital.
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FUNDING

The Center is supported by an annual $500,000 grant from the Georgia 
Department of Public Health.

STAFFING

The Center is staffed by four physicians who provide health care ser-
vices. Two physicians are full-time and on site while the other two physi-
cians are part-time. The Center also staffs six advanced practice providers, 
which include nurse practitioners and physician assistants.

PROGRAMS (SERVICES) OFFERED

Services offered include

�x	 Acute pain care
�x	 Blood transfusion
�x	 Access to hydrea clinics
�x	 Hydroxyurea treatments
�x	 Wound care

DATA COLLECTION AND USE

The Center collects data through the Sickle Cell Data Collection pro-
gram in Georgia. Data are used to monitor and report the overall health of 
people in the state with SCD. Orthopedic clinicians at the Georgia Com-
prehensive Sickle Cell Center are currently involved in research to identify 
more ef�cient and effective ways to care for those with SCD.

PATIENT ENGAGEMENT

Patients are engaged through:

�x	 Sickle cell education
�x	 Monthly group support meetings
�x	 Pediatric transition classes

Note: See https://www.gradyhealth.org/care-treatment/sickle-cell-disease-
center (accessed December 17, 2019).
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Appendix G

Emory Adult Cystic Fibrosis Program

ABOUT

The Emory+Children’s Cystic Fibrosis (CF) Center is the second largest 
CF Center in the country in terms of patient base according to data from 
the CF Foundation. The Center includes both pediatric and adult CF pro-
grams. The adult clinic has two pulmonary function laboratories and a CF 
clinical trials of�ce. The Center is in a 14,000 square foot building at Ex-
ecutive Park in Atlanta, Georgia. There are �ve half-day clinics each week 
scheduled for Monday, Tuesday, Thursday, and Friday. A comprehensive 
clinic preview is also held each week on Wednesdays. All adult CF team 
members are required to attend this preview.

PURPOSE

With having such a large facility, the Center has established a certain 
protocol to enhance its work. The purpose of the protocol is to ensure 
the provision of optimal care for CF patients and standardization of care 
among the different care providers. The protocol includes information spe-
ci�c to responsibilities for the multidisciplinary professionals.

STAFFING

Staf�ng includes two full-time CF nurses, two full-time CF respiratory 
therapists, CF nurse practitioner, CF social worker, CF mental health coun-
selor, CF transition coordinator, CF nutritionist, CF physicians with speci�c 
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expertise in pulmonary, gastrointestinal, and endocrine medicine, clinical 
research coordinators, and administrative staff.

PROGRAM ORGANIZATION

The program includes pre-clinic preparation and clinic preview. Pre-
clinic preparation calls for the nutritionist to review the patient panel for 
any annual labs that have yet to be taken and place orders for labs by 
Tuesday evening of the week before the patient’s visit. The registry manager 
will then compile a list of “short sheets,” which detail the patients who are 
scheduled for the week. If the registry manager is unavailable, these tasks 
will be completed by the CF director or coordinator. All other care staff 
will review the patient panels and take the necessary steps speci�c to their 
role for clinic preview.

During clinic preview, task folders are distributed to the different care 
providers (e.g., mental health worker, nurse practitioner, etc.). Each care 
provider will provide a summary of the patient as it relates to their disci-
pline and note whether they need to see the patient. If necessary, the care 
providers will describe a “clinic goal” for the patient. Task summaries are 
noted from respiratory therapists, nutritionists, social workers, mental 
health coordinators, research coordinators, medical doctors, and registered 
nurses. After clinic preview, the summaries from each care provider are 
provided to the registry manager. The registry manager will then post the 
summary from each provider on the day of a patient’s clinical visit.

DATA COLLECTION AND USE

The program collects health information from approximately 700 pa-
tients with CF. The information is used to inform clinical care and research.

Note: See http://medicine.emory.edu/pulmonary-allergy-critical-care/research/
adult-cystic-�brosis.html (accessed December 17, 2019).
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Appendix H

Health Resources and 
Services Administration Sickle 

Cell Disease Programs

OVERVIEW OF SICKLE CELL DISEASE PROGRAMS

Sickle Cell Treatment Demonstration Program (SCTDP):  Improve the 
health outcomes of individuals with sickle cell disease (SCD), reduce mor-
bidity and mortality caused by SCD, reduce the number of individuals with 
sickle cell receiving care only in emergency departments, and improve the 
quality of coordinated and comprehensive services to individuals with sickle 
cell and their families.
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Sickle Cell Disease Newborn Screening and Follow-Up Program: To ensure 
that individuals diagnosed with SCD through newborn screening receive 
appropriate follow-up services including counseling, education, access to a 
medical home, and other support services.

TABLE H-1�Programs at a Glance

Sickle Cell Treatment 
Demonstration Program

Sickle Cell Newborn Screening 
and Follow-Up Program

Program 
Objectives

•��Support the implementation 
of �ve regional networks of care 
for sickle cell disease (SCD) 
throughout the United States

•��Use Project ECHO, a 
telementoring program that 
allows specialists to network 
and educate other providers, to 
support strategies to increase 
the number of providers 
knowledgeable about evidence-
based sickle cell care

•�� Increase in the number of 
individuals with sickle cell 
disease receiving hydroxyurea 
by 10 percent

•��Optional additional activities 
include e�orts to:

�a.��Increase recommended 
pneumococcal vaccinations

�b.��Increase documented 
transcranial Doppler 
ultrasound

�c.�� Increase transition plan to 
an adult provider

•��Provide direct support and �nancial 
assistance to a minimum of 
15 community-based organizations 
(CBOs) in 15 states

•��Train 150 community health workers
•�� Increase partnerships: Informal 

and formal, CBOs, hospitals, 
health systems, state public health 
departments, primary care providers, 
federally quali�ed health centers

•��Serve 15,000 individuals with sickle 
cell disease through:

�a.�Outreach
�b.�Education
�c.�Linkage to medical home
�d.�Referrals to support services
�e.�� Receive care in a patient-centered 

medical home

Scope •��Progress in State Action Plan 
Development, Project ECHO, 
and Data Collection

•��43 states involved with regions 
(has yet to reach all 50 states)

•�Building state networks
•��Conducting outreach to 

providers
•��Five regions have implemented 

at least one Project ECHO 
program; eight Project ECHO 
programs total

•��Data collection through a 
Provider Survey and Quality 
Improvement data

•�Technical Assistance:
�a.�� Community of Practice—Convene 

CBOs by region to share successes, 
challenges and best practices

�b.��Leadership Academy—Bi-weekly 
skill-building webinars. Topics include 
sustainability planning; transition; 
care coordination; developing patient 
advocacy; leveraging partnerships; 
and capacity building

�c.��Partnerships—Identifying 
national-level strategies that 
support local CBOs to develop 
partnerships/memoranda 
of understanding

�d.�� Community Health Workers—
Sustainability, recruitment, hiring, 
retention, ongoing skill building. 
The Sickle Cell Disease Association 
of America (SCDAA) will also 
disseminate best practices and 
lessons learned
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continued

TABLE H-1�Continued

Sickle Cell Treatment 
Demonstration Program

Sickle Cell Newborn Screening and 
Follow-Up Program

•�Community Health Worker Training
�a.�� Virtual Training—SCDAA developed 

curriculum
�b.�� Field Placement—40 hour 

requirement
•��Peer-to-Peer Mentoring 

(InquisitHealth)
�a.�� Goal is to support individuals and 

families to access information, 
resources, and medical care 
by providing peer-to-peer 
psychosocial support

�b.�� Web-based platform that links 
peer mentors to individuals and 
family members

�c.�� SCDAA and InquisitHealth 
developed a sickle cell-speci�c 
algorithm that ensures quality 
coaching and support by utilizing 
guided conversation guides

�d.�� Tracks utilization and contacts
•��Transition Readiness Quality 

Improvement Project
�a.�� Five CBOs will work with more 

than 200 young adults aged 16–25
�b.�� SCDAA will disseminate best 

practices for improving transition 
readiness and disseminate to the 
other 12 CBOs

Results Access to care:
•��Nearly 11,000 patients with 

SCD received care through the 
Sickle Cell Disease Treatment 
Demonstration Program 
(SCDTDP) regional networks, 
re�ecting an increase of more 
than 3,000 patients from 
baseline

•��Four states opened clinics in 
areas of high need. More than 
1,000 adults now have access 
to high quality care with the 
newly opened Adult Sickle 
Cell Clinic at the Martin Luther 
King, Jr. Outpatient Center in 
Los Angeles
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TABLE H-1�Continued

Sickle Cell Treatment 
Demonstration Program

Sickle Cell Newborn Screening and 
Follow-Up Program

Hydroxyurea use:
•��Heartland pediatric patients: 

12–20 percent; adult patients: 
14.3–17.3 percent

•��Midwest all patients: 
48–69 percent

•��Northeast pediatric patients: 
23–34 percent; adult patients: 
16–18 percent

•��Paci�c all patients: 
29–42 percent

Knowledgeable providers:
•��Telementoring and telehealth 

initiatives increased provider 
knowledge across the country

•��Nearly 100 Project ECHO® 
clinics were held, expanding 
opportunities for provider 
education for more than 
200 providers

SOURCE: PowerPoint presentation from the Health Resources and Services Administra-
tion. See https://www.nichq.org/sites/default/�les/inline-�les/NICHQ-SCDTDP-Impact-
Statement_0.pdf (accessed December 17, 2019).
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Appendix I

Select Treatments Currently Under 
Development for Sickle Cell Disease

The table begins on the following page.
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Appendix J

Other Training Models 
for Hematologists

Several training models for hematologists currently exist in the �eld of 
sickle cell disease (SCD), including

�x	 American Society of Pediatric Hematology/Oncology mentoring 
program

�x	 American Society of Hematology Clinical Research Training Institute
�x	 Program to Increase Diversity Among Individuals Engaged in 

Health-Related Research
�x	 American Society of Hematology Committee on Promoting Diversity
�x	 Johns Hopkins Hematology/Medical Oncology program
�x	 Medical College of Wisconsin benign hematology curriculum
�x	 T32 Training
�x	 European Hematology Association European Hematology Curriculum
�x	 Systems-based clinical hematologist

AMERICAN SOCIETY OF PEDIATRIC 
HEMATOLOGY/ONCOLOGY MENTORING PROGRAM

New training models have emerged that include “team mentoring” or 
participation in a “mentoring network.” Other models that pair mentors and 
mentees include the American Society of Pediatric Hematology/Oncology 
mentoring program that was developed to support early career members. 
Within this program, mentors and mentees are matched based on mutual 
agreement with career development and research planning as the most 
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commonly planned goals. Mentorship occurs by phone, email, or in person 
at annual meetings. Most mentors and mentees are satis�ed with the program 
and perceive a bene�t from their participation (Badawy et al., 2017).

AMERICAN SOCIETY OF HEMATOLOGY CLINICAL 
RESEARCH TRAINING INSTITUTE

Another program with the goal to improve mentorship opportunities 
is the American Society of Hematology (ASH) Clinical Research Training 
Institute (CRTI), which is a 1-year experience for senior fellows and junior 
faculty intent on a career in hematology. The program began in 2003 and be-
gins with a week-long workshop held in August and during the annual ASH 
meeting. The ASH CRTI is supported by a National Institutes of Health R25 
training award (1R25CA168526-01A1) (Sung et al., 2015). Each partici-
pant is matched with a faculty member and the summer workshop includes 
20 established clinical researchers, 5 or 6 biostatisticians, a library scientist, 
and representatives from key funding agencies including the National Heart, 
Lung, and Blood Institute (NHLBI) and the National Cancer Institute. 
Although the program has had success, with most participants remaining 
in academic hematology, the diversity of participants is low; only 3 percent 
identify as black/African American or Hispanic. Steps taken to increase the 
participation of under-represented minorities to 15 percent include add-
ing additional participants and collaborating with the ASH Committee 
on Promoting Diversity on the CRTI Oversight Committee to disseminate 
information about CRTI to more diverse members. Additionally, faculty in 
the program have presented to the Committee on Training to reach training 
program directors and they have contacted diverse alumni to recommend 
CRTI to diverse fellows and junior faculty (King et al., 2016).

PROGRAM TO INCREASE DIVERSITY AMONG INDIVIDUALS 
ENGAGED IN HEALTH-RELATED RESEARCH

A program with a speci�c aim of increasing diversity is PRIDE (i.e., 
Program to Increase Diversity Among Individuals Engaged in Health-
Related Research). The PRIDE program aims to provide intense research 
and career development mentorship coordinated through a central PRIDE 
Coordination Core at seven academic sites, each focused on a speci�c 
research area. The PRIDE Program at Augusta University in Georgia is 
focused on “Functional and Translational Genomics of Blood Disorders” 
and it has been funded by NHLBI since 2006. Summer institutes at Augusta 
University last 2 to 3 weeks and include 3 cohorts of 6–10 mentees. Mentees 
have monthly contact with mentors with goals focused on grant writing 
skills. The majority of participants identify as black/African American 
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(80 percent) and the majority of mentees (91.2 percent) conduct SCD 
research that involves clinical/translation studies. A signi�cant success of 
the program has been the percentage of extramural grant submissions 
(75 percent) within 2 years following training completion. Of those par-
ticipants who submitted grants, 64 percent obtained federal funding (Pace 
et al., 2017). Furthermore, participants in this mentor and mentee pro-
gram are exposed to discussions regarding teaching and work–life balance, 
clinical care, and career plans (Starlard-Davenport et al., 2018).

AMERICAN SOCIETY OF HEMATOLOGY 
COMMITTEE ON PROMOTING DIVERSITY

Other efforts to increase diversity include the Committee on Pro-
moting Diversity, which is responsible for advising ASH in its efforts to 
improve minority recruitment into hematology research and practice, at-
tract minority hematologists to become members of the Society, and help 
develop minority hematologists so they can obtain leadership roles. The 
committee oversees the selection of applicants for participation and iden-
ti�es potential mentors. Speci�c programs include the Medical Student 
Award Program, the Minority Graduate Student Abstract Achievement 
Award, the Minority Resident Hematology Award Program, and the 
ASH-AMFDP, which is a partnership between ASH and the Harold Amos 
Medical Faculty Development Program of the Robert Wood Johnson 
Foundation (ASH, 2020).

JOHNS HOPKINS HEMATOLOGY/
MEDICAL ONCOLOGY PROGRAM

There are some existing hematology training models in the United States 
that have been successful in creating opportunities for individuals who want 
to pursue a career in benign hematology through structured clinical and 
research programs that meet the Accreditation Council for Graduate Medi-
cal Education (ACGME) requirements. Established in 2005, Johns Hopkins 
has a Hematology/Medical Oncology program that has a 3-year ACGME 
accredited single board hematology track that has demonstrated a high 
retention rate of fellows who remain in clinical and research settings. In 
2017, Johns Hopkins formalized their application procedure to allow can-
didates to apply to either the hematology and/or medical oncology tracks. 
Of the 414 applications, 8 percent of candidates applied to the hematology 
track only, with half of those candidates expressing a speci�c interest in 
benign hematology. Having a hematology track appears to cultivate inter-
est, provide needed role models, and allow fellows to envision a career in 
the specialty (Naik et al., 2018).
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MEDICAL COLLEGE OF WISCONSIN BENIGN 
HEMATOLOGY CURRICULUM

The benign hematology curriculum at the Medical College of Wisconsin 
is another example of a training program to increase the number of 
providers. The development of the curriculum was supported by funding 
from the ASH Alternative Training Pathway Grant. Specialized features of 
the program include that the curriculum has a clinical focus on training in 
benign hematology while still allowing the fellow to be board-eligible for 
hematology, clinic experiences have an emphasis in non-malignant hematol-
ogy, and there is a strong foundation for additional (non-ACGME required) 
research training (Abshire, 2009).

T32 TRAINING GRANT

A multidisciplinary training model for individuals interested in careers 
in academic hematology research is a T32 Training Grant. The Ruth L. 
Kirschstein National Research Service Award (T32) supports grants to insti-
tutions to develop or enhance research training opportunities. One example 
is the long-standing Hematology T32 Training Grant at the University of 
North Carolina at Chapel Hill that trains both M.D. and Ph.D. scientists 
as adult and pediatric hematology fellows. The 2-year program has tracks 
in both basic bench and clinical research with scienti�c and educational 
interactions between M.D. and Ph.D. trainees in the form of conferences, 
journal clubs, and symposia. These regular interactions between M.D. 
and Ph.D. trainees creates an understanding of the goals of biomedical 
research in hematologic disorders. The foundations of training also include 
a mentored research project, focused seminars, didactic coursework in clini-
cal research, laboratory methodology, grantsmanship, and navigating the 
academia (UNC School of Medicine, 2020). Improving opportunities and 
access to T32 grants through additional grant funding would be one step 
in increasing the workforce in hematology and expanding the knowledge 
base of providers.

EUROPEAN HEMATOLOGY ASSOCIATION EUROPEAN 
HEMATOLOGY CURRICULUM

The European Hematology Association also provides a cooperative 
model for training hematologists that could be adapted in the United States 
as their 27 national societies decided to develop a uni�ed curriculum for 
European hematologists in 2003. The European Hematology Curriculum 
includes recommendations on minimum levels of competence, knowledge, 
and skills in hematology. A panel of European experts periodically updates 
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versions to ensure that it is in line with the new developments in technology, 
diagnostic methods, and treatment modalities (Ossenkoppele et al., 2012). 
Of particular importance, they developed an online Curriculum Passport, 
which is a self-assessment tool that enables continuous survey of compe-
tence at individual, national, and European levels. The passport can be 
used as an educational tool to identify gaps in competence that can then be 
targeted by attending speci�c educational events or scienti�c conferences 
(Strivens et al., 2013).

SYSTEMS-BASED CLINICAL HEMATOLOGIST

Beyond clinical and research training in hematology, Wallace et al. 
(2015) have identi�ed opportunities for hematologists to design new models 
for care delivery. They suggest a role for a “systems-based clinical hema-
tologist,” which would be a specialty-trained physician who optimizes 
individual patient care and the overall health care delivery for patients 
with blood disorders by creating guidelines for other physicians within the 
practice to follow. The systems-based hematologist needs to be adaptable 
and have multiple commitments that could include identi�cation of hemato-
logic issues, developing care pathways, providing input into the appropriate 
use and interpretation of genomic testing, and counseling of patients with 
hematologic malignancy.
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Appendix K

Sickle Cell Community-Based 
Organizations and Patient Groups 

in the United States

State Sickle Cell Associations, Nonpro�ts, and Foundations

National 
Resources**

•�Sickle Cell Disease Association of America

Professional 
Organization 
Resources

•��American Society of Hematology (ASH); Sickle Cell Adult 
Provider Network; American Society of Pediatric Hematology/
Oncology; International Association of Sickle Cell Nurses 
and Professional Associates; Emergency Department Sickle 
Cell Care Coalition

•�Foundation for Sickle Cell Disease Research
•�Sickle Cell Disease Coalition (by ASH)
•��Sickle Cell Disease Council for CHANGE (supported by 

P�zer Rare Disease)

Alabama •�Alabama State Sickle Cell Disease Association
•�North Alabama Sickle Cell Foundation–Huntsville*
•�Sickle Cell Disease Association of America–Central Alabama*
•�Sickle Cell Disease Association of America–Mobile*
•�Sickle Cell Disease Association–West Alabama, Northport*
•�Sickle Cell Foundation of The River Region Montgomery*
•�Southeast Alabama Sickle Cell Association–Tuskegee*
•�Tri County Sickle Cell Association, Inc.

Arizona •�Sickle Cell Anemia Society of Arizona

Arkansas •�Arkansas Foundation for Sickle Cell Support
•��Future Builders–Sickle Cell Awareness, Education, and 

Outreach Initiative

continued
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State Sickle Cell Associations, Nonpro�ts, and Foundations

California •�Axis Advocacy
•�Cayenne Wellness Center*
•��Genetic Disease Resource Center of California State 

Department of Health Services
•�Hina Patel Foundation
•�The K.I.S. Foundation
•�Paci�c Sickle Cell Regional Collaborative
•�Sickle Cell Anemia Awareness San Francisco
•�Sickle Cell Community Advisory Council of Northern California
•�Sickle Cell Community Health Network
•�Sickle Cell Disease Association of America–San Diego*
•�Sickle Cell Disease Foundation of California
•�Sickle Cell Disease Foundation of Orange County
•�Tracking California’s Sickle Cell Data Collection Program
•�World Sickle Cell Federation

Colorado •��Colorado Department of Public Health and Environment 
Laboratory Services Division

•�Colorado Sickle Cell Association–Denver*
•�Colorado Sickle Cell Foundation
•�Sickle Cell Adult Provider Network

Connecticut •�Citizens for Quality Sickle Cell Care–New Britain/Hartford*
•��Sickle Cell Disease Association of America–Southern 

Connecticut–Bridgeport/New Haven*
•��Sickle Cell Disease Association of America–Southern 

Connecticut–Stamford O�ce*
•�Southern Regional Sickle Cell Association

Delaware •�Tova Community Health*
•�William E. Proudford Sickle Cell Fund, Inc.

Florida •�Sickle Cell Association of Hillsborough County*
•��Sickle Cell Disease Association of America–Broward 

County–Ft. Lauderdale*
•��Sickle Cell Disease Association of America–Dade County, Miami*
•��Sickle Cell Disease Association of America–Escambia and 

Santa Rosa Counties, Pensacola*
•�Sickle Cell Disease Association of America–Northeast Florida*
•��Sickle Cell Disease Association of America–Palm Beach County 

and Treasure Coast*
•�Sickle Cell Disease Association of America–St. Petersburg*
•��Sickle Cell Disease Association of America–Tri-County, Orlando*
•��Sickle Cell Disease Association of America–Upper Pinellas, 

Pasco, Hernando Counties*
•��Sickle Cell Disease Association of America–Volusia 

County–Daytona Beach*
•��Sickle Cell Disease Association of America of Levy/Marion 

Counties–Ocala*
•�Sickle Cell Disease Association of Florida–Tampa*
•�Sickle Cell Disease Association of Tri-County–Orlando*
•�Sickle Cell Foundation of the Big Bend
•�Sickle Cell Foundation–Tallahassee*

Georgia •�Huisman Sickle Cell Foundation of Augusta, Georgia
•�Sickle Cell Foundation of Georgia–Atlanta*

Illinois •�Have a Heart for Sickle Cell Anemia Foundation
•�Sickle Cell Disease Association of America Illinois–Chicago*
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State Sickle Cell Associations, Nonpro�ts, and Foundations

Indiana •�Martin Center, Inc.–Indianapolis*

Kansas •�Uriel E. Owens Sickle Cell Disease Association of the Midwest

Kentucky •�Christian County Sickle Cell Foundation
•�The Sickle Cell Association of Kentuckiana

Louisiana •�Baton Rouge Sickle Cell Anemia Foundation
•��Louisiana Regional Sickle Cell Foundation Alexandria Sickle 

Cell Anemia Foundation
•�Northeast Louisiana Sickle Cell Anemia Foundation–Monroe*
•� �Sickle Cell Disease Association of America–Northwest Louisiana*
•�Southwest Louisiana Sickle Cell Anemia, Inc.–Lake Charles*

Maryland •�Howard University Center for Sickle Cell Disease
•�Lauren D. Beck Sickle Cell Foundation
•�Maryland Sickle Cell Disease Association*
•�Sickle Cell Disease Association of America, Inc.*
•�William E. Proudford Sickle Cell Fund, Inc.

Massachusetts •�Greater Boston Sickle Cell Disease Association, Inc.*
•�New England Pediatric Sickle Cell Consortium

Michigan •�Sickle Cell Disease Association of America, Michigan–Detroit*

Minnesota •�Sickle Cell Disease Advocates of Minnesota

Mississippi •�Cure Sickle Cell Foundation
•�Mississippi Sickle Cell Foundation

Missouri •�Adult Sickle Cell Disease Treatment Program
•�Bureau of Genetics and Healthy Childhood
•�Missouri Department of Health and Senior Services
•�Sickle Cell Association of St. Louis*

Nevada •�Nevada Childhood Cancer Foundation–Las Vegas*

New Jersey •�Sickle Cell Disease Association of New Jersey–Newark*

New Mexico •�Sickle Cell Council of New Mexico–Albuquerque*
•�University of New Mexico Children’s Hospital

New York •�Falling Angels Sickle Cell Foundation*
•�Queens Sickle Cell Advocacy Network–Queens Village*
•�Sickle Cell Thalassemia Patients Network*

North Carolina •�Bridges Pointe Sickle Cell Foundation–Durham*
•��Community Health Interventions and Sickle Cell Agency, 

Inc.–Fayetteville*
•�North Carolina Sickle Cell Syndrome Program
•�Operation Sickle Cell
•�Piedmont Health Services and Sickle Cell Agency–Greensboro*
•��Sickle Cell Disease Association of America–Eastern North 

Carolina Chapter–Jacksonville*
•�Sickle Cell Partners of the Carolinas–Charlotte NC

Ohio •�American Sickle Cell Anemia Association*
•�Dayton/Spring�eld Sickle Cell A�ected Families Association
•�Kincaid’s Kindred Spirits
•�Ohio Sickle Cell and Health Association–Columbus*
•�Sickle Cell Awareness Group of Greater Cincinnati
•�Sickle Cell Project of Northwest Ohio

continued
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State Sickle Cell Associations, Nonpro�ts, and Foundations

Oklahoma •�Oklahoma Sickle Cell Warriors Foundation

Oregon •�Sickle Cell Anemia Foundation of Oregon–Portland*

Pennsylvania •�Children’s Sickle Cell Foundation, Inc.–Pittsburgh*
•�Ryan Clark’s Cure League
•��Sickle Cell Disease Association of America–Philadelphia/

Delaware Valley Chapter*
•�Sickle Cell Society, Inc.–The Murray-Irvis Genetic Disease Center
•�The South-Central PA Sickle Cell Council–Harrisburg*

South Carolina •�C.O.B.R.A. Sickle Cell Program
•�James R. Clark Memorial Sickle Cell Foundation–Columbia*
•�Louvenia D. Barksdale Sickle Cell Anemia Foundation
•�Orangeburg Area Sickle Cell Foundation

Tennessee •�The Sickle Cell Foundation of Tennessee–Memphis*

Texas •�The Otis Uduebor Sickle Cell Foundation
•�Sickle Cell Association of Houston*
•�Sickle Cell Association of Texas–Marc Thomas Foundation*
•��Sickle Cell Disease Association of America of Tarrant 

County–Fort Worth*

Virginia •�Living with Sickle Cell RVA
•�Sickle Association Inc.–Norfolk*
•�Sickle Cell Association–Hampton Roads Chapter
•�Sickle Cell Association of the Peninsula

Washington •�Metropolitan Seattle Sickle Cell Task Force
•�Northwest Sickle Cell Collaborative

Washington, DC •�Sickle Cell Association of the National Capital Area

Other Advocacy 
Organizations

•�Bold Lips for Sickle Cell
•�MTS Sickle Cell Foundation
•�Sickle Cell 101
•�The Sickle Cell Community Consortium
•�Sickle Cell Warriors
•�Sick Cells

Virtual Only 
Organization

•�Chade SC (Sickle Cell Disease Network)
•�Excelling with Sickle Cell
•�Supporters of Families w/ Sickle Cell Disease, Inc.

* A member of the Sickle Cell Disease Association of America.

** National Resources as identi�ed on the Centers for Disease Control and Prevention’s 
website.

NOTES: List compiled on October 7, 2019. The committee was unable to identify sickle 
cell associations, nonpro�ts, or foundations for the following states: Alaska, Hawaii, 
Idaho, Iowa, Maine, Montana, Nebraska, New Hampshire, North Dakota, Rhode Island, 
South Dakota, Utah, Vermont, West Virginia, Wisconsin, and Wyoming. Organizations 
listed here are not all-inclusive and represent organizations that were identi�able on 
public online platforms. Although the committee is aware of additional groups, there 
is no available comprehensive list or registry of sickle cell disease community-based 
organizations or advocacy groups.

SOURCES: CDC, 2019; SCDAA, 2019.
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Appendix L

Summary Table of Strategic 
Plan and Blueprint for 

Sickle Cell Disease Action

The Of�ce of the Assistant Secretary for Health at the U.S. Department 
of Health and Human Services (HHS) should appoint a team of experts 
from across HHS agencies to advance the strategic plan.
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Appendix M

Summary Table of Sickle Cell 
Trait Discussion in Report

Chapter Description of Information

Chapter 3 Newborn screening and sickle cell trait (SCT)
Communicating results from screening
State-level approaches to screening
Role of genetic counseling
Reproductive decision making
Screening of subpopulations (National Collegiate Athletic Association 
athletes; service members)

Chapter 4 STC health complications
Future research needed for SCT
Need for a national approach to SCT
Conclusion 4-4
Recommendation 4-4

Chapter 5 Services for individuals living with SCT
Sickle Cell Disease Treatment Demonstration Program

Chapter 6 Importance of using appropriate screening test
Lack of quality indicators or consensus guidelines for genetic 
counseling
Need for national reporting guidelines
Committee proposed SCT core measures set

Chapter 8 Relevant federal agencies involved with SCT activities
Confusion between diagnoses of SCT and sickle cell disease
Community-based organization services available for individuals 
living with SCT
Public education and awareness about SCT
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Appendix N

Glossary

Acidosis: A condition in which there is too much acid in the body �uids. 
It is the opposite of alkalosis (a condition in which there is too much base 
in the body �uids).

Acute Hypoxemia: Severe arterial hypoxemia that is refractory to supple-
mental oxygen. It is caused by intrapulmonary shunting of blood resulting 
from airspace �lling or collapse.

Adenotonsillectomy: The surgical removal of the adenoids and tonsils, 
a combination of adenoidectomy and tonsillectomy.

Adrenergic: Relating to or denoting nerve cells in which epinephrine 
(adrenaline), norepinephrine (noradrenaline), or a similar substance acts 
as a neurotransmitter.

Allodynia: Pain sensitization (increased response of neurons) following 
normally non-painful, often repetitive, stimulation. Can lead to triggering 
of a pain response from stimuli that do not normally provoke pain.

Amniocentesis: A test conducted between 15–20 weeks of pregnancy 
that tests the amniotic �uid during pregnancy for sickle cell disease and 
sickle cell trait.

Amygdala: A roughly almond-shaped mass of gray matter inside each cere-
bral hemisphere, involved with the experiencing of emotions.
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Avascular Necrosis: A condition in which poor blood supply to an area of 
bone leads to bone death. Also known as aseptic necrosis and osteonecrosis.

Benzodiazepines: Any of a class of heterocyclic organic compounds used 
as tranquilizers and are commonly used in the treatment of anxiety, such 
as librium and valium.

Central Sensitization: An increase in sensitivity to pain and in the respon-
siveness of neurons.

Cerebral Ischemia: A condition that occurs when there is not enough blood 
�ow to the brain to meet metabolic demand. This leads to limited oxygen 
supply, or cerebral hypoxia, and leads to the death of brain tissue, cerebral 
infarction, or ischemic stroke. It is a subtype of stroke along with subarach-
noid hemorrhage and intracerebral hemorrhage.

Cerebral Vasculopathy: This is vasculitis (in�ammation of the blood vessel 
wall) involving the brain and occasionally the spinal cord. It affects all of 
the vessels: very small blood vessels (capillaries), medium-size blood vessels 
(arterioles and venules), or large blood vessels (arteries and veins). If blood 
�ow in a vessel with vasculitis is reduced or stopped, the parts of the body 
that receive blood from that vessel begin to die. It may produce a wide 
range of neurological symptoms, such as headache, skin rashes, feeling 
very tired, joint pains, dif�culty moving or coordinating part of the body, 
changes in sensation, and alterations in perception, thought or behavior, as 
well as the phenomena of a mass lesion in the brain leading to coma and 
herniation. Some of its signs and symptoms may resemble multiple sclerosis.

Chorionic Villus Sampling: A testing process that is conducted between 
10–13 weeks of pregnancy. A needle is inserted into the cervix or the ab-
domen to retrieve samples of the chorionic villi. The samples can then be 
tested for hemoglobin S and sickle cell trait.

Chronic Care Model: An organizational approach to caring for people with 
chronic disease in a primary care setting. The system is population-based 
and creates practical, supportive, evidence-based interactions between an 
informed, activated patient and a prepared, proactive practice team.

Chronic Splenomegaly: An abnormal enlargement of the spleen.

Cirrhosis of the Liver: A late stage of scarring (�brosis) of the liver caused 
by many forms of liver diseases and conditions, such as hepatitis and 
chronic alcoholism.
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Comorbidities: The simultaneous presence of two or more chronic diseases 
or conditions in a patient.

Crizanlizumab: A monoclonal antibody developed by Novartis targeted 
toward P-selectin. It was announced by the company as an effective drug 
to prevent vaso-occlusive crisis in patients with sickle cell anemia.

Dyspepsia: Also known as indigestion. A condition characterized by upper 
abdominal symptoms that may include pain or discomfort, bloating, feel-
ing of fullness with very little intake of food, feeling of unusual fullness 
following meals, nausea, loss of appetite, heartburn, regurgitation of food 
or acid, and belching.

Endocrinopathy: Any disease due to disorder of the endocrine system, 
which is the system of glands that produce hormones for the bloodstream, 
such as the pituitary or thyroid glands.

Erythrocytes: A red blood cell that (in humans) is typically a biconcave disc 
without a nucleus. Erythrocytes contain the pigment hemoglobin, which 
imparts the red color to blood, and transport oxygen and carbon dioxide 
to and from the tissues.

Functional Asplenia: Occurs when splenic tissue is present but does not 
work well (e.g., sickle cell disease, polysplenia). Such patients are managed 
as if asplenic, while in anatomic asplenia, the spleen itself is absent.

HbS: A mild or asymptomatic genotype of sickle cell disease.

HbSC: A moderate clinical severity.

HbSS: Also known as sickle cell anemia, HbSS is a severe or moderately 
severe genotype of sickle cell disease. This term is also used to refer to 
sickled hemoglobin.

Hematopoietic Stem Cell Transplantation: The intravenous infusion of 
hematopoietic stem and progenitor cells designed to establish marrow and 
immune function in patients with a variety of acquired and inherited ma-
lignant and nonmalignant disorders.

Hematuria: The presence of blood in a person’s urine. The two types of 
hematuria are gross hematuria, when a person can see the blood in his or 
her urine, or microscopic hematuria, when a person cannot see the blood 
in his or her urine yet it is seen under a microscope.
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Hemoglobin: An iron-containing respiratory pigment of vertebrate red 
blood cells that consists of a globin composed of four subunits, each of 
which is linked to a heme molecule that functions in oxygen transport to 
the tissues after conversion to oxygenated form in the gills or lungs, and 
that assists in carbon dioxide transport back to the gills or lungs after sur-
render of its oxygen.

Hemolysis: The rupture or destruction of red blood cells.

Hemophilia: A medical condition in which the ability of the blood to clot 
is severely reduced, causing the sufferer to bleed severely from even a slight 
injury. The condition is typically caused by a hereditary lack of a coagula-
tion factor, most often factor VIII.

Hyperalgesia: Excessive sensitivity and a raised threshold to painful stimuli.

Hyper-viscosity: A group of symptoms triggered by an increase in the vis-
cosity of the blood. Symptoms of high blood viscosity include spontaneous 
bleeding from mucous membranes, visual disturbances due to retinopathy, 
and neurologic symptoms ranging from headache and vertigo to seizures 
and coma.

Ischemia Reperfusion: Reperfusion injury, sometimes called ischemia-
reperfusion injury or reoxygenation injury, is the tissue damage caused 
when blood supply returns to tissue (re- + perfusion) after a period of 
ischemia or lack of oxygen (anoxia or hypoxia).

Ketorolac: Sold under the brand name Toradol, among others, is a non-
steroidal anti-in�ammatory drug used to treat pain. Speci�cally, it is rec-
ommended for moderate to severe pain. Common side effects include 
sleepiness, dizziness, abdominal pain, swelling, and nausea.

Methylprednisolone: Sold under the brand names Depo-Medrol and 
Solu-Medrol, among others, is a corticosteroid medication used to suppress 
the immune system and decrease in�ammation.

Mindfulness-Based Stress Reduction: An 8-week evidence-based program 
that offers secular, intensive mindfulness training to assist people with 
stress, anxiety, depression, and pain.

Myelosuppression: A condition in which bone marrow activity is de-
creased, resulting in fewer red blood cells, white blood cells, and platelets. 
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Myelosuppression is a side effect of some cancer treatments. When myelo-
suppression is severe, it is called myeloablation.

Noxious Stimulus: Is an actually or potentially tissue damaging event. It 
is a prerequisite for nociception, which is the sensory nervous system’s 
response to certain harmful or potentially harmful stimuli. Noxious stim-
uli can either be mechanical (e.g., pinching or other tissue deformation), 
chemical (e.g., exposure to acid or irritant), or thermal (e.g., high or low 
temperatures).

Obstructive Sleep Apnea: A sleep-related breathing disorder that involves 
a decrease or complete halt in air�ow despite an ongoing effort to breathe. 
It occurs when the muscles relax during sleep, causing soft tissue in the back 
of the throat to collapse and block the upper airway.

Oophorectomy: A surgical procedure to remove one or both ovaries. When 
an oophorectomy involves removing both ovaries, it is called bilateral 
oophorectomy.

Pharmacogenomics: The study of the role of the genome in drug response. 
Its name re�ects the combination of pharmacology and genomics. Pharma-
cogenomics analyzes how the genetic makeup of an individual affects his 
or her response to drugs.

Pica: A craving for something that is not normally regarded as nutritive, 
such as dirt, clay, paper, or chalk. Pica is a classic clue to iron de�ciency 
in children, and it may also occur with zinc de�ciency. Pica is also seen 
as a symptom in several neurobiological disorders, including autism and 
Tourette’s syndrome, and it is sometimes seen during pregnancy.

Preeclampsia: A condition in pregnancy characterized by high blood pres-
sure, sometimes with �uid retention and proteinuria.

Priapism: A prolonged, unwanted erection of the penis. It is usually painful 
and not related to sexual stimulation or arousal.

Prodrome: An early sign or symptom indicating the onset of a disease or 
illness, before more diagnostically speci�c signs or systems develop.

Prolonged Exposure: A form of behavior therapy and cognitive behavioral 
therapy designed to treat posttraumatic stress disorder. It is characterized 
by two main treatment procedures—imaginal and in vivo exposures.
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Renal Medullary Carcinoma: A rare type of cancer that affects the kidney. 
It tends to be aggressive, dif�cult to treat, and is often metastatic at the 
time of diagnosis.

Renal Osteodystrophy: A bone disease that occurs when the kidneys fail 
to maintain proper levels of calcium and phosphorus in the blood. It is 
common in people with kidney disease and affects most dialysis patients.

Rhabdomyolysis: A serious syndrome due to a direct or an indirect muscle 
injury. It results from the death of muscle �bers and release of their contents 
into the bloodstream. This can lead to serious complications such as renal 
(kidney) failure.

Sickle Cell Disease: A group of genetic blood disorders resulting from point 
mutations on the beta globin gene that produces in hemoglobin variants 
that alone or in combination cause early death and profound debilitation.

Sickle Cell Trait: Sickle cell trait is not the disease, but occurs when an 
individual has inherited one sickle cell gene and has one unaffected beta 
globin gene.

Small Gestational Age for Infants: A term used to describe a baby who is 
smaller than the usual amount for the number of weeks of pregnancy. Small 
gestational age babies usually have birthweights below the 10th percentile 
for babies of the same gestational age.

Somatosensory: Relating to or denoting a sensation (such as pressure, pain, 
or warmth) that can occur anywhere in the body, in contrast to one local-
ized at a sense organ (such as sight, balance, or taste).

Spirometry: The most common of the pulmonary function tests. It mea-
sures lung function, speci�cally the amount and/or speed of air that can be 
inhaled and exhaled. Spirometry is helpful in assessing breathing patterns 
that identify conditions such as asthma, pulmonary �brosis, cystic �brosis, 
and chronic obstructive pulmonary disease.

Splenic Infarction: A condition in which blood �ow supply to the spleen 
is compromised, leading to partial or complete infarction (tissue death 
due to oxygen shortage) in the organ. Splenic infarction occurs when 
the splenic artery or one of its branches are occluded, for example, by a 
blood clot.
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Spontaneous Epidural Hematoma: Manifests from blood accumulating in 
the epidural space, compressing the spinal cord and leading to acute neu-
rological de�cits.

Supraspinal: Means above the spine, and may refer to above the spinal cord 
and vertebral column or the brain.

Transcranial Doppler: A non-invasive ultrasound method used to examine 
the blood circulation within the brain.

Venous thromboembolism: A blood clot that starts in a vein.



Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action

Copyright National Academy of Sciences. All rights reserved.

PREPUBLICATION COPY—Uncorrected Proofs


	FrontMatter
	Reviewers



