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Abstract

Background: Sickle cell disease (SCD) is an autosomal recessive blood disorder affecting approximately 100,000
Americans and 3.1 million people globally. The scarcity of relevant knowledge and experience with rare diseases
creates a unique need for cooperation and infrastructure to overcome challenges in translating basic research
advances into clinical advances. Despite registry initiatives in SCD, the unavailability of descriptions of the selection
process and copies of final data collection tools, coupled with incomplete representation of the SCD population
hampers further research progress. This manuscript describes the SCDIC (Sickle Cell Disease Implementation
Consortium) Registry development and makes the SCDIC Registry baseline and first follow-up data collection forms
available for other SCD research efforts.

Results: Study data on 2400 enrolled patients across eight sites was stored and managed using Research Electronic
Data Capture (REDCap). Standardized data collection instruments, recruitment and enrollment were refined through
consensus of consortium sites. Data points included measures taken from a variety of validated sources (PHENX,
PROMIS and others). Surveys were directly administered by research staff and longitudinal follow-up was
coordinated through the DCC. Appended registry forms track medical records, event-related patient invalidation,
pregnancy, lab reporting, cardiopulmonary and renal functions.

Conclusions: The SCDIC Registry strives to provide an accurate, updated characterization of the adult and
adolescent SCD population as well as standardized, validated data collecting tools to guide evidence-based
research and practice.
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Background

Sickle cell disease (SCD) is a rare, autosomal recessive
blood disorder affecting approximately 100,000 individ-
uals in the United States [1] and 3.1 million individuals
worldwide [2]. The scarcity of relevant knowledge and
experience with rare diseases creates a unique need for
cooperation and infrastructure to overcome challenges
in translating basic research advances into clinical
advances. Rare disease registries are characterized by
systematic, longitudinal collection of clinical, genetic,
and biologic data, which can contribute to basic and
translational research efforts to improve clinical care for
individuals with diseases such as SCD [3].

Over the past decade, SCD registry initiatives in com-
munity and clinical settings have employed a variety of
methods including electronic-health record abstraction
[4], patient-reported outcomes via online portals [5],
bio-repositories [6, 7], and collection of clinical data dur-
ing standard-care visits [8—10]. Some of these registries
collect data using validated measures; however, detailed
descriptions of the measure selection process and copies
of final data collection tools are not available, making it
difficult for subsequent researchers to build on previous
efforts. These registry initiatives were often limited to a
single site or community and were not necessarily repre-
sentative of the larger SCD population.

The Sickle Cell Disease Implementation Consortium
(SCDIC) is a cooperative research program of eight clin-
ical centers, a data coordinating center (DCC), and the
National Heart, Lung, and Blood Institute (NHLBI). The
SCDIC’s structure and goals are described elsewhere
[11]. A key objective of the SCDIC is to develop a regis-
try of at least 2400 adolescents and adults living with
SCD. This manuscript describes the SCDIC Registry de-
velopment and makes the SCDIC Registry baseline and
first follow-up data collection forms available for other
SCD research efforts.

Materials/methods

The SCDIC Registry seeks to characterize the SCD
population, provide an evidence base to guide research
and practice, and leverage existing, validated tools to
collect standard clinical measures, laboratory values,
lifestyle factors, medical history, treatment, healthcare
utilization, and patient reported outcomes. ASCQ-Me
[12] and PhenX [13] (SCD-specific measures), and PRO-
MIS [14] measures were used to build the SCDIC Regis-
try forms. Candidate measures were considered and
discussed by the SCDIC Registry Subcommittee; selected
measures were included in draft data collection forms
reviewed by the SCDIC Steering Committee. Standard-
ized data collection forms, and recruitment and enroll-
ment procedures were iteratively refined until consensus
was achieved among the consortium sites and NHLBI
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program staff. Additional file 1 outlines a flow diagram
detailing the consortium and study steps towards data
collection. Table 1 outlines the SCDIC Registry Time-
line. Registry forms and procedures were approved by
Institutional Review Boards at each participating
institution.

Inclusion criteria

Participants in the SCDIC Registry must be 15 years to
45 years of age and have laboratory confirmed diagnosis
of SCD: Hb SS, Hb SC, Hb Sp-thalassemia, Hb SO, Hb
SD, Hb SG, Hb SE, or Hb SF. Participants (or consenting
guardian) must have a basic command of English, be
willing and cognitively able to give informed consent or
assent, and be able to answer questions on the patient
enrollment survey.

Exclusion criteria

Persons unwilling or unable to complete the enrollment
survey, persons with sickle cell trait (carriers — Hb AS)
and those with a successful bone marrow transplant, are
excluded.

Results

From December 2016 through May 2019, over 2400
adolescents and adults living with SCD were enrolled in
the SCDIC Registry across the consortium’s eight clinical
sites. All sites reached their goal of 300 enrolled partici-
pants and completed baseline data files on each of them.
Baseline demographic characteristics, patient reported
outcomes, and experiences with SCD-related pain of this
cohort are detailed elsewhere [15]. The SCDIC Registry’s
baseline and first follow-up data collection procedures
and forms are described below. Study data were col-
lected and managed using REDCap (Research Electronic
Data Capture) electronic data capture tools hosted at the
DCC. REDCap is a secure, web-based application de-
signed to support research study data collection [16].
The SCDIC registry baseline and first follow-up paper
forms and REDCap data dictionary are available in the
Supplemental Appendices (Additional file 2). Each site
employed its own methods to maximize success with
longitudinal follow wup. Strategies included preset
reminders for form completion in REDCap, capturing
followup data at routine care appointments, telephone
calls to collect survey data, and text message reminders.

Patient registration form

This form tracks the method of survey administration
(interview vs. self-administered), confirmation of the
diagnosis of SCD, and basic demographics. Diagnosis
status was confirmed by newborn screening, hemoglobin
fractionation, hemoglobin electrophoresis or DNA se-
quencing. Participants are categorized as affiliated or
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Table 1 SCDIC Registry timeline
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Phase |

Phase I

Year 1 Year 2

Year 3 Years 4-6

Q1 Q2 Q3 4 QI

Q2 Q03 4 Q1 Q2 Q3

Q4 Y4 Y5 Y6

Finalize core measures X

Develop procedures X X

>

Design data forms X
Protocol development X
Secure IRB approvals

Develop data systems

<X X X X

Manual of operations

Train coordinators

<X X X X X

Recruitment and follow-up
Monitoring

Data analysis and publication

ADMINISTRATIVE REVIEW

unaffiliated; unaffiliated is defined as not having seen a
SCD provider in a non-acute setting in the past 2 years,
excluding the enrollment visit.

Patient enrollment survey form

This form comprises the core of the SCDIC Registry
data, covering eight key domains: (1) pain history, (2)
hydroxyurea use, (3) blood transfusions, (4) medical his-
tory, (5) current medications, (6) barriers to medical
care, (7) social and mental health, and (8) detailed demo-
graphics. Referent timeframes used measured partici-
pants’ chronic and recent SCD-related pain experiences.
Questions adapted from published measures maintained
face validity, but were not reassessed for construct valid-
ity. Table 2 documents the measures reviewed, selected,
and adapted. Table 2 documents the measures reviewed,
selected, and adapted. In choosing the final measures,
the consortium committee sought to avoid redundancy,
maximize face and content validity and prioritize mea-
sures most likely to be relevant for future research.

Patient follow-up survey form

Longitudinal follow-up is scheduled to occur annually.
The follow-up survey is an abbreviated version of the
patient enrollment survey and can be administered in
person, by phone, by mail, or via an online survey. Three
centers are also administering a short questionnaire to
obtain the number of adverse events adult participants
experienced before turning 18 years old.

Pregnancy and conception forms

These forms provide information about participants’
conception and pregnancy history, including medical
complications, use of hydroxyurea, live births, and fertil-
ity treatments (if any) and were designed to capture the

impact of hydroxyurea use on reproductive health,
especially conception and birth outcomes.

Medical record abstraction form

Medical record abstraction is completed by research staff
for participants with available medical records. Demo-
graphics, diagnosis, anthropometric measurements,
organ systems review, and treatment are included. A list
of definitions used by registry coordinators conducting
medical record abstraction is in the Supplemental
Appendices.

Laboratory reporting form

Research staff record the most recent test results at a
time the participant was in steady state — defined as at
least 2 weeks before or after blood transfusions, vaso-
occlusive pain crisis, priapism, stroke, or other acute
event.

Renal form

Research staff complete this form for enrolled partici-
pants whose medical abstraction form contains a “Yes”
response to Q35 (chronic kidney disease) or Q41 (end
stage renal disease). Results are the most recent available
within 5 years of the date of consent.

Pulmonary hypertension and left ventricular dysfunction
form

Research staff complete this form for enrolled partici-
pants whose medical abstraction form contains a “Yes”
response to Q40 (pulmonary hypertension) or Q41 (left
ventricular dysfunction). Results are the most recent
available within 5 years of the date of consent.
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Table 2 Measures reviewed, selected, and adapted for SCDIC Registry Patient Enrollment Survey Form
Reviewed Selected Adaptations
ASCQ-Me Pain Yes Yes
ASCQ-Me Pain Episode Frequency and Severity Yes Yes
ASCQ-Me Stiffness Impact Yes No
ASCQ-Me Sleep Impact Yes Partial Kept items 1 and 3
ASCQ-ME Sickle Cell Medical History Checklist Yes Yes
ASCQ-Me Emotional Impact Yes Partial Kept items 1 and 5
ASCQ-Me Social Functioning Impact Yes Yes
PhenX Frequency of Sickle Cell Pain Episodes Per Year Yes No
PhenX History of Transfusion Yes Yes
PROMIS Pain Intensity Yes No
PROMIS Fatigue Yes Yes
PROMIS Pain Interference Yes No
PROMIS Sleep Disturbance Yes No
PROMIS-29 Profile (adult) Yes Partial Kept depression items
Neuro-QOL Cognitive Function Yes Yes
PROMIS PQ-Neuro Yes Partial Kept item 3
PROMIS Global Health Yes No

Off study form

Research staff complete this form for participants who
experience an event that invalidates them from follow-
up data collection. Cause of death and autopsy reports
(if available) are documented for registry participants
who died.

Discussion

Similar studies have characterized SCD populations and
provided a wider knowledge base via which the research
community could collaborate. The Cooperative Study of
Sickle Cell Disease (CSSCD) recruited from 27 sites and
provided a frequency of various socioeconomic factors
as they relate to mortality and morbidity in this disease
population [17]. Unlike the SCDIC and Sickle Cell
Clinical Research and Intervention Program (SCCRIP), it
had less inclusive criteria, no organ system function
analysis or recruitment of patients exposed to disease
treatment [18].

SCCRIP like the SCDIC prospectively recruited diag-
nosed sickle cell disease patients across multiple devel-
opmental cohorts (newborn to older adult). It collected
clinical, social and health outcomes data for proper
characterization of this population with the goal of
furthering genomic and proteomic research via identifi-
cation of treatment-contributing biomarkers [18].
Although similar, the SCDIC has almost twice the sam-
ple size, incorporates more validation tools and informa-
tion systems without requiring a concept proposal for
data use, likely making it more publicly accessible. Re-
searchers publishing data using SCDIC forms simply

need to acknowledge the Consortium as follows: “Data
collection instruments were (used/modified) from those
developed under the Sickle Cell Disease Implementation
Consortium supported by cooperative agreements from
the National Heart, Lung, and Blood Institute and the
National Institute on Minority Health and Health Dis-
parities (Bethesda, MD).”

The appended SCDIC Registry forms are of value to
SCD research efforts as they (1) are a public resource to
facilitate a more modern understanding of this rare dis-
ease and its effects on people living with it, (2) are devel-
oped from validated measures with broad consensus
from SCD and implementation science research experts
across the country, (3) form a platform for clinical
characterization of people living with SCD in both ob-
servational and interventional studies, (4) allow future
harmonization of data across studies, and (5) may facili-
tate mechanistic and therapeutic discoveries in SCD and
perhaps other rare diseases. SCDIC registry REDCap
data dictionary publication reduces researcher and logis-
tical burden associated with building electronic data cap-
ture systems for SCD research.

Data from the SCDIC Registry may serve as a “control”
for additional intervention studies, especially when
comparison to people living with SCD exposed to hy-
droxyurea is intended. Additionally, the SCDIC Registry
data collection forms serve as a template for new
prospective studies in SCD. Information collected on
enrolled participants may lead to new potential bio-
markers and social determinants for specific outcomes
in SCD or allow for the identification of novel study
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questions. Finally, the SCDIC Registry data will offer an
updated description of adolescents and adults with SCD
in the United States and may be useful in benchmarking
future studies.

Conclusions

Rare disease registries are characterized by systematic,
longitudinal collection of clinical, genetic, and biologic
data, which can contribute to basic and translational re-
search efforts to improve clinical care for individuals
with diseases such as SCD. The registry forms provided
by this study stem from SCD expert-validated measures
and may be useful to other researchers conducting inter-
ventional or observational studies to further understand-
ing of this disease and its population.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513023-020-01457-x.

Additional file 1. Sickle Cell Disease Implementation Consortium flow
diagram is provided here.

Additional file 2:. “Publication of data collection forms from NHLBI
funded Sickle Cell Disease Implementation Consortium (SCDIC) Registry:
Supplemental Appendices”. The detailed data collection forms
mentioned in the results are provided here.

Abbreviations

ASCQ-Me: Adult Sickle Cell Quality of Life Measurement (Information
System); DCC: Data Coordinating Center; NHLBI: National Heart, Lung and
Blood Institute; PhenX: consensus measures for Phenotypes and eXposures;
PROMIS: Patient-Reported Outcomes Measurement (Information System);
REDCap: Research Electronic Data Capture; SCD: Sickle Cell Disease;

SCDIC: Sickle Cell Disease Implementation Consortium

Authors’ contributions

JAG, JT, JK, VRG, AAK, CLM, NS, JSH and LDR designed the SCDIC Registry
data structure and forms. EAL, KB and TH made the figures; JAG and EAL
wrote and prepared the manuscript; AYE and JAG created the abstract and
the visual. All authors provided critical feedback and contributed to
manuscript revision. The authors read and approved the final manuscript.

Funding

The SCD Implementation Consortium has been funded by US Federal
Government cooperative agreements HL133948, HL133964, HL133990,
HL133996, HL133994, HL133997, HL134004, HL134007, and HL134042 from
the National Heart Lung and Blood Institute and the National Institute on
Minority Health and Health Disparities (Bethesda, MD).

Availability of data and materials
The forms supporting this article are included within the article and its
additional files.

Ethics approval and consent to participate
Local institutional review board approval for this project was obtained at
each participating site and the data coordinating center.

Consent for publication
Participants in the NHLBI registry study give written consent for publication
of data in aggregate form.

Competing interests
The authors declare no competing financial interests.

Page 5 of 6

Author details

'Department of Emergency Medicine, Icahn School of Medicine at Mount
Sinai, T Gustave L. Levy Place, Box 1620, New York, NY 10029, USA. 2RI
International, Research Triangle Park, Durham, NC, USA. 3Jiann—ng Hsu
College of Public Health, Georgia Southern University, Statesboro, GA, USA.
“Division of Hematology & Oncology, University of Alabama at Birmingham
School of Medicine, Birmingham, AL, USA. °Division of Pediatric
Hematology-Oncology, University of lllinois at Chicago, Chicago, IL, USA.
5School of Medicine, Washington University in St. Louis, St. Louis, MO, USA.
7Department of Public Health Sciences, Medical University of South Carolina,
Charleston, SC, USA. ®Division of Hematology, Duke University School of
Medicine, Durham, NC, USA. 9Department of Hematology, St. Jude Children’s
Research Hospital, Memphis, TN, USA.

Received: 18 December 2019 Accepted: 29 June 2020
Published online: 07 July 2020

References

1.

2.

Hassell KL. Population estimates of sickle cell disease in the U.S. Am J Prev
Med. 2010;38(4 Suppl):S512-21.

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the global burden of disease study
2017. Lancet. 2018;392(10159):1789-858.

Agency for Healthcare Research and Quality. Registries for evaluating
patient outcomes: a User's guide. In: Red G, Nancy A, Leavy MB, editors. 3rd
edition. Rockville (MD): Agency for Healthcare Research and Quality (US);
2014. Report No.: 13(14)-EHC111. PubMed ID: 24945055.

Kavanagh PLS, Amy E, McClure ES, Sprinz PG, Adams WG. Using an
electronic health record-based registry to improve pediatric sickle cell care.
J Clin Outcomes Manag. 2014;21(4):159-68.

Tien AY, Empowering SCD. Patients with web tools to improve care
communications: MEDICAL DECISION LOGIC, INC.: National Heart, Lung, and
Blood Institute (NHLBI); 2011. Available from: https://grantome.com/grant/
NIH/R43-HL105070-02.

Krishnamurti L. Hematopoietic stem cell transplantation for young adults
with sickle cell disease: Emory University: National Heart, Lung, and Blood
Institute (NHLBI); 2015. Available from: https://grantome.com/grant/NIH/
U01-HL128566-02.

Estepp JH. Investigation of the genetics of hematologic diseases: St. Jude
Children's Research Hospital, Boston Children's Hospital, Baylor College of
Medicine, University of Memphis: St. Jude Children's Research Hospital;
2016. Available from: https://www.clinicaltrials.gov/ct2/show/NCT02720679.
UPMC Children's Hospital of Pittsburgh. Sickle cell research registry; 2018.
[cited 7/19/2018]; Available from: http://www.chp.edu/research/clinical-
studies/hematology-oncology/rare-cancers-blood-disorders/sickle-cell-
research-registry.

Heeney MM, Mueller BU, Baltz B, Paley C, Esposito J, Sharma S, et al.
Baseline characteristics of patients with sickle cell disease in an
ongoing 5-year, prospective, noninterventional registry trial. Blood. 2011;
118(21):1060.

Hankins J. Sickle cell clinical research and intervention program: St. Jude
Children's Research Hospital, Methodist Healthcare, University of Memphis
School of Public Health, Le Bonheur Children's Hospital, Methodist Adult
Comprehensive Sickle Cell Center, Memphis, TN, University of Alabama at
Birmingham, Washington University School of Medicine, University of North
Carolina, Regional One Health, Diggs-Kraus Sickle Cell Center, UTHSC-ORNL
Center in Biomedical Informatics, University of Washington Seattle Cancer
Care Alliance, Medical College of Wisconsin, University of Tennessee Health
Science Center, Children's Hospital of Philadelphia: National Heart, Lung,
and Blood Institute; 2014. Available from: https://clinicaltrials.gov/ct2/show/
NCT02098863.

DiMartino LD, Baumann AA, Hsu LL, Kanter J, Gordeuk VR, Glassberg J, et al.
The sickle cell disease implementation consortium: translating evidence-
based guidelines into practice for sickle cell disease. Am J Hematol. 2018
Dec;93(12):E391-E5.

Treadwell MJ, Hassell K, Levine R, Keller S. Adult sickle cell quality-of-life
measurement information system (ASCQ-me): conceptual model based on
review of the literature and formative research. Clin J Pain. 2014 Oct;30(10):
902-14.


https://doi.org/10.1186/s13023-020-01457-x
https://doi.org/10.1186/s13023-020-01457-x
https://grantome.com/grant/NIH/R43-HL105070-02
https://grantome.com/grant/NIH/R43-HL105070-02
https://www.grantome.com/grant/NIH/U01-HL128566-02
https://www.grantome.com/grant/NIH/U01-HL128566-02
https://www.clinicaltrials.gov/ct2/show/NCT02720679
http://www.chp.edu/research/clinical-studies/hematology-oncology/rare-cancers-blood-disorders/sickle-cell-research-registry
http://www.chp.edu/research/clinical-studies/hematology-oncology/rare-cancers-blood-disorders/sickle-cell-research-registry
http://www.chp.edu/research/clinical-studies/hematology-oncology/rare-cancers-blood-disorders/sickle-cell-research-registry
https://www.clinicaltrials.gov/ct2/show/NCT02098863
https://www.clinicaltrials.gov/ct2/show/NCT02098863

Glassberg et al. Orphanet Journal of Rare Diseases

(2020) 15:178

Eckman JR, Hassell KL, Huggins W, Werner EM, Klings ES, Adams RJ, et al.
Standard measures for sickle cell disease research: the PhenX toolkit sickle
cell disease collections. Blood Adv. 2017 Dec 26;1(27):2703-11.

Keller S, Yang M, Treadwell MJ, Hassell KL. Sensitivity of alternative measures
of functioning and wellbeing for adults with sickle cell disease: comparison
of PROMIS® to ASCQ-me®" . Health Qual Life Outcomes. 2017;15:117.
Knisely M, Pugh N, Kroner B, Masese R, Gordeuk V, et al. Patient-reported
outcomes in sickle cell disease and association with clinical and
psychosocial factors: report from the sickle cell disease implementation
consortium. Am J Hematol. 2020(in press). https.//doi.org/10.1002/ajh.25880.
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)--a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform. 2009 Apr42(2):377-81.

Farber MD, Koshy M, Kinney TR. Cooperative study of sickle cell disease:
demographic and socioeconomic characteristics of patients and families
with sickle cell disease. J Chronic Dis. 1985;38(6):495-505. https://doi.org/10.
1016/0021-9681(85)90033-5.

Hankins JS, Estepp JH, Hodges JR, et al. Sickle cell clinical research and
intervention program (SCCRIP): a lifespan cohort study for sickle cell disease
progression from the pediatric stage into adulthood. Pediatr Blood Cancer.
2018;65(9):27228. https://doi.org/10.1002/pbc.27228.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/ajh.25880
https://doi.org/10.1016/0021-9681(85)90033-5
https://doi.org/10.1016/0021-9681(85)90033-5
https://doi.org/10.1002/pbc.27228

	Abstract
	Background
	Results
	Conclusions

	Background
	Materials/methods
	Inclusion criteria
	Exclusion criteria

	Results
	Patient registration form
	Patient enrollment survey form
	Patient follow-up survey form
	Pregnancy and conception forms
	Medical record abstraction form
	Laboratory reporting form
	Renal form
	Pulmonary hypertension and left ventricular dysfunction form
	Off study form

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

