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Abstract

Background: Although sickle cell trait (SCT) is largely a benign carrier state, it may increase
risk for certain clinical outcomes.

Purpose: To evaluate associations between SCT and clinical outcomes in children and adults.

Data Sources: English-language searches of PubMed, CINAHL, the Cochrane Library, Current
Contents Connect, Scopus, and Embase (1 January 1970 to 30 June 2018) and bibliographies of
review articles.

Study Selection: Observational controlled studies (published in English) in children or adults
that examined an association between SCT and any of 24 clinical outcomes specified a priori in
the following 6 categories: exertion-related injury; renal, vascular, pediatric, and surgery- or
trauma-related out- comes; and overall mortality.

Data Extraction: A single reviewer extracted study data, which was checked by another; 2
reviewers independently assessed study quality; and strength of evidence was assessed by
consensus.

Data Synthesis: Of 7083 screened studies, 41 met inclusion criteria. High-strength evidence
supported a positive association between SCT and risk for pulmonary embolism, proteinuria, and
chronic kidney disease. Moderate-strength evidence supported a positive association between SCT
and exertional rhabdomyolysis and a null association between SCT and deep venous thrombosis,
heart failure or cardiomyopathy, stroke, and pediatric height or weight. Absolute risks for
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thromboembolism and rhabdomyolysis were small. For the remaining 15 clinical outcomes, data
were insufficient or strength of evidence was low.

Limitation: Publication bias was possible, and high-quality evidence was scant.

Conclusion: Sickle cell trait is a risk factor for a few adverse health outcomes, such as
pulmonary embolism, kidney disease, and exertional rhabdomyolysis, but does not seem to be
associated with such complications as heart failure and stroke. Insufficient data or low-strength
evidence exists for most speculated complications of SCT.

Methods

Sickle cell trait (SCT), defined as the heterozygous inheritance for sickle hemoglobin, has
evolutionarily persisted throughout the world because of its strong protective effect against
severe and cerebral malaria (1). In the United States, 2.5 million to 3 million persons live
with SCT, including an estimated 6% to 9% of the African American population and 0.01%
to 0.07% of the remaining population, primarily those of Arab, Southeast Asian, Hispanic,
or Mediterranean descent (2, 3). Worldwide, SCT affects an estimated 300 million persons,
with a prevalence ranging from 2% to 30% in more than 40 countries (4, 5). This high
prevalence means that SCT has considerable implications in reproductive counseling
because carriers can have homozygous or compound heterozygous offspring with sickle cell
disease (3, 5).

Although SCT is generally an asymptomatic carrier state and most carriers never have
complications, numerous studies have reported potential clinical manifestations (6). The
Sickle Cell Disease Association of America, the Department of Health and Human Services
Secretary’s Advisory Committee on Heritable Disorders in Newborns and Children, and the
American Society of Hematology have called for research to generate high-quality data that
scientifically clarify the health outcomes associated with SCT (3, 7-9). Because newborn
screening for sickle hemoglobin is mandated in several countries, including the United
States (10), health care providers, patients, and families also seek quality information about
clinical risk.

The purpose of this study was to evaluate associations between SCT and adverse clinical
outcomes (exertion-related injury; renal, vascular, pediatric, and surgery- or trauma-related
outcomes; and overall mortality) in children and adults.

Data Sources and Searches

We followed standard procedures for systematic reviews and reported results according to
PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines.
A medical librarian experienced in systematic reviews developed search strategies to identify
studies published in English that reported an association between SCT and any clinical
outcome. The following databases were searched from 1 January 1970 to 30 June 2018:
PubMed, CINAHL, the Cochrane Library, Current Contents Connect, Scopus, and Embase
(the Supplement, gives terms used in the PubMed search). We also examined bibliographies
of review articles.
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Study Selection

Studies were selected using an iterative process. Two members of the expert working group
(EWG), which included hematologists and sickle cell experts, screened each title and
abstract and excluded articles on the basis of predefined criteria. We excluded non-English-
language research articles; research articles that reported exclusively on in vitro cells,
nonhuman animals, or patients with sickle cell disease; those that solely examined
physiologic mechanisms or laboratory variables, had no information on clinical outcomes, or
solely reported outcomes related to malaria or pregnancy; and prevalence studies, case
reports, case series, meeting abstracts, editorials, commentaries, and review articles.

Two EWG members then reviewed the full text of the remaining articles to identify those
reporting any of 24 clinical outcomes deemed relevant for this systematic review. These
outcomes were chosen before the search by consensus agreement of the EWG to include
outcomes with strong effects on policy and clinical practice (Supplement Table 1).
Outcomes were organized into 6 categories. At this stage, studies were excluded if they did
not use a valid method for genotyping for all included study participants, did not have a non-
SCT comparison group, or did not list separate outcomes for SCT carriers and noncarriers.
Valid genotyping methods were hemoglobin electrophoresis, isoelectric focusing, high-
performance liquid chromatography, and direct DNA genotyping with or without imputation
for SCT. Studies using the International Classification of Diseases (ICD) code for SCT or
sickle solubility without confirmatory methods for quantifying sickle hemoglobin were not
included. For all screening stages, the 2 EWG members assessed articles independently and
resolved differences by discussion.

Data Extraction and Quality Assessment

An EWG member extracted relevant data using a standardized abstraction form, which
captured basic citation information, characteristics of study populations, details of study
methodology, and pertinent results. For articles that included 2 or more clinical outcomes
relevant to the systematic review, results for each outcome were abstracted separately. We
calculated the unadjusted odds ratio (OR) and 95% CI for each outcome based on prevalence
described in the text. We also recorded the adjusted or unadjusted risk measure (OR, risk
ratio, or hazard ratio [HR]) reported for each outcome. For articles that measured only a risk
difference, the reported statistical associations were recorded. Extractions were checked by a
second reviewer.

The quality of each article was assessed using rubrics tailored for this review by Abt
Associates with input from the EWG. These rubrics were modeled after the Agency for
Healthcare Research and Quality’s Evidence-based Practice Centers methodology
(Supplement Table 2) (11). For study-level grading, each relevant outcome from included
studies was assessed separately. Studies were rated as high quality if they involved a
population-based observational cohort, included a direct measure of the relevant outcome
and adjustment for relevant confounders, and had precise findings and no suspected bias.
Studies rated as high quality were adjusted for age and sex (at a minimum) and for
additional outcome-specific confounders that had been determined by discussion as
necessary. Any study with suspected bias was automatically rated as very low quality. Two
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members of the EWG who were not authors on the included studies independently rated
quality, and differences were resolved through discussion.

Data Synthesis and Analysis

We categorized the 24 outcomes into 6 areas (exertion-related injury; renal, vascular,
pediatric, and surgery- or trauma-related outcomes; and overall mortality) and assessed the
strength of evidence for each outcome. Strength of evidence was defined by using rubrics
tailored for this review by Abt Associates with input from the EWG (Supplement Table 3).
These rubrics were modeled after the Agency for Healthcare Research and Quality’s
Evidence-based Practice Centers methodology (12). By consensus agreement, the EWG
determined strength of evidence separately for each outcome on the basis of the number,
design, and rating of relevant studies and the consistency in direction and association
estimate of their findings. Outcome data from studies rated as very low quality were not
included in the strength-of-evidence assessment. Members with a potential conflict of
interest for any given outcome did not participate in the grading.

Role of the Funding Source

Results

This work was supported in part by the Intramural Research Program at the National Human
Genome Research Institute of the National Institutes of Health. The funding source had no
role in the design, conduct, interpretation, or reporting of the study or the decision to publish
the manuscript.

We screened 7083 records (after removing duplicates) and excluded 6905 after title and
abstract review. Of 178 full-text articles reviewed, 41 met eligibility criteria (Figure). Most
were population-based cohort studies (7= 16) or case—control studies (/7= 16). Twenty-six
involved adults only, 12 involved children only, and 3 involved both adults and children.
Supplement Tables 4 and 5 summarize the characteristics, findings, and quality assessments
for each individual study, by clinical outcome. Strength-of-evidence ratings for each
outcome are shown in the Table.

Exertion-Related Injury

We evaluated 3 exertion-related outcomes and found 2 studies that addressed sudden death
(13, 14), 2 that addressed rhabdomyolysis (14, 15), and none that examined splenic
infarction. The studies addressing sudden death were of moderate quality. One (13),
published in 1987, evaluated the relative risk for death among 466,300 African American
recruits in the U.S. military using prevalence controls and found a 15-fold (95% ClI, 6- to 38-
fold) increased risk for death among recruits with SCT versus those without. This relative
risk was based on small absolute numbers of deaths per group: 10 (0.0002%) among SCT
noncarriers and 13 (0.03%) among persons with SCT. The analysis did not include
adjustment for potential confounders. The second study (14) examined risk for death by
SCT status among 47,944 African American soldiers who were on active duty in the U.S.
Army between 2011 and 2014, a period in which the Army used universal precautions to
reduce risks for dehydration and heat- and exercise-induced illness. Six of the 3564 soldiers
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with SCT died of nonbattle causes (0.2%). No association between SCT status and non—
battle-related death was found in a model adjusted for multiple variables, including sex, age,
rank, body mass index, and tobacco status.

Both studies of rhabdomyolysis suggested that SCT is associated with increased risk for
exertional rhabdomyolysis. A moderate-quality study (14) involving 47 944 active-duty
military personnel found that diagnoses based on ICD, Ninth Revision, codes for exertional
rhabdomyolysis occurred in 1.2% of soldiers with SCT and 0.8% of those without. The
adjusted HR estimate for increased risk for rhabdomyolysis with SCT was 1.54 (Cl, 1.12 to
2.12). The other study (15)—a small case—control study that did not adjust for potential
confounders—was of low quality and showed an increased prevalence of SCT among
persons with exertional rhabdomyolysis who were referred for genetic polymorphism testing
or muscle biopsy compared with healthy active-duty or civilian participants in exercise
training.

Renal Outcomes

We evaluated studies pertaining to the following 6 kidney outcomes: hematuria, papillary
necrosis, proteinuria, chronic kidney disease (CKD), end-stage renal disease (ESRD), and
renal medullary carcinoma. A single cohort study of moderate quality (16) involving 23,192
hospitalized African American adults found an increased prevalence of hematuria according
to ICD, Eighth Revision (ICD-8), codes among patients with SCT versus those without
(2.5% vs. 1.3%), which is consistent with a 1.98-fold (Cl, 1.52- to 2.62-fold) relative risk for
hematuria in SCT carriers.

Of 6 studies that evaluated proteinuria, 1 was rated as high quality (17), 2 as moderate
quality (18, 19), and 3 as low quality (20 —22). The high-quality study (17) evaluated
albuminuria in 6432 African American adults from 4 population cohorts. It found a 1.86-
fold (ClI, 1.49- to 2.31-fold) increased risk for baseline albuminuria among persons with
SCT versus those without (31.8% vs. 19.6%). The other studies in adults showed a
consistent direction of increased risk for proteinuria with SCT.

Two high-quality studies (17, 23) and 2 low-quality studies (24, 25) evaluated CKD. The
first high-quality study (17) assessed prevalent CKD in 15,969 self-identified African
Americans in 5 population-based cohorts. Creatinine-based CKD was found in 19.2% of
participants with SCT, compared with 13.5% without. The meta-analyzed increased risk was
1.57 (Cl, 1.34 to 1.84). This study also evaluated incident CKD among 9156 persons with
follow-up creatinine measurements and found a 1.79-fold (Cl, 1.45- to 2.20-fold) increased
risk for CKD among SCT carriers. The second high-quality study (23) found a 1.89-fold (ClI,
1.59- to 2.23-fold) increased risk for CKD by estimated glomerular filtration rate and
albuminuria criteria among a large population cohort of 9909 African American adults.

Five studies evaluated dialysis-dependent ESRD. One was rated as high quality (23), 2 as
moderate quality (17, 26), and 2 as very low quality (not included in strength-of-evidence
ratings) (27, 28). The high-quality study (23) was a longitudinal study of 9909 African
American adults. It found an increased risk for incident ESRD in SCT carriers compared
with noncarriers, with an HR of 2.03 (Cl, 1.44 to 2.84). Analyses were adjusted for age, sex,
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smoking, diabetes, hypertension, and APOL 1 genotype. A similar study (17) in 11,263
African Americans in 2 U.S. population cohorts did not find an association between SCT
and ESRD (HR, 1.02 [CI, 0.59 to 1.76]). We rated this study as moderate rather than high
quality because of imprecision and an upper Cl bound compatible with increased risk.
Finally, a moderate-quality case—control study (26) involving 3258 African Americans with
ESRD related to hypertension or diabetes found no statistically significant association
between SCT and diabetic or nondiabetic ESRD. No included studies evaluated papillary
necrosis or renal medullary carcinoma.

Vascular Outcomes

We evaluated the following 9 vascular-related outcomes: venous thromboembolism (VTE),
pulmonary embolism (PE), deep venous thrombosis (DVT), hypertension, myocardial
infarction, heart failure or cardiomyopathy, stroke, retinopathy, and diabetic vasculopathy.

For the venous outcomes, we evaluated VTE, PE, and DVT separately. Two studies
addressed overall VTE (including PE and DVT). One was rated as high quality and the other
as moderate quality (29, 30). The high-quality study (29) was a longitudinal cohort study
involving 4016 African Americans that found a VTE incidence of 9.0% in SCT carriers and
5.9% in noncarriers, resulting in a 1.60-fold (Cl, 1.05- to 2.45-fold) increased risk for
incident VTE events after adjustment for age, sex, and ancestry. This risk estimate
attenuated to 1.50-fold (CI, 0.96- to 2.36-fold) with additional adjustment for hormone
replacement therapy, body mass index, diabetes, and estimated glomerular filtration rate.
The moderate-quality study (30)—a case—control study that evaluated 1062 African
American adults—found a similar adjusted risk for VTE (OR, 1.8 [CI, 1.1 to 2.28]). Both
studies also evaluated PE and DVT separately.

Three studies evaluated PE. One was graded as high quality (29) and 2 as moderate quality
(16, 30). A subset analysis of the high-quality study (29) showed a 5.2% versus 2.5%
prevalence of PE with or without DVT in persons with versus without SCT, corresponding to
an HR of 2.24 (Cl, 1.28 to 3.95). A subset analysis of 1 of the moderate-quality studies (30)
also showed increased risk for PE without diagnosed DVT among SCT carriers (OR, 3.9

[CI, 2.2 t0 6.9]) and a similar increased odds for PE with or without diagnosed DVT. The
third study (16) of 23 192 hospitalized African American adults similarly suggested
increased risk for PE with SCT (OR, 1.46 [CI, 1.14 to 1.89]).

Three studies evaluated DVT. Two were rated as moderate quality (29, 30) and 1 as low
quality (31). The moderate-quality studies suggested no increased risk for isolated DVT
among SCT carriers.

Five studies evaluated hypertension. Two were rated as moderate quality and 3 as low
quality (18, 20, 21, 32, 33). The largest, a longitudinal study by Liem and colleagues (32) of
1590 African American adults, did not show an association between SCT and incident
hypertension.

A single moderate-quality study (16) that evaluated risk for ICD-8 — coded myocardial
infarction among 23 192 hospitalized adults found no statistically significant association
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between SCT and myocardial infarction. Two studies (18, 34), 1 of which was of moderate
quality, evaluated heart failure or cardiomyopathy. The moderate-quality study (34) involved
15 364 African American adults from 4 longitudinal, population-based cohort studies; it
found no statistically significant association between SCT and adjudicated incident heart
failure.

One high-quality and 1 moderate-quality study assessed stroke. The high-quality study (35)
evaluated validated hospitalizations for incident stroke among 3497 self-identified African
Americans. The incidence of stroke was 13.0% among persons with SCT compared with
11.4% among non-SCT carriers, corresponding to an HR of 1.4 (Cl, 1.0 to 2.0). The
moderate-quality study (36) included 4 population-based cohorts and found no association
between SCT and ischemic stroke.

Three studies investigated retinopathy. Two were rated as low quality (18, 21) and 1 as very
low quality (37). The studies had inconsistent effect sizes. Only a single low-quality study
(16) evaluated SCT’s association with diabetic vascular complications among hospitalized
adults; it found no association.

Pediatric Outcomes

Height or weight was investigated in 8 studies involving children or adolescents. We rated 1
as moderate quality (38), 6 as low quality (39-44), and 1 as very low quality (not included in
strength-of-evidence ratings) (45). The moderate- and low-quality studies involved various
populations and included persons from Jamaica, Dominica, India, Brazil, Nigeria, and the
United States. None found an association between SCT and continuous measures of height
and weight.

A single low-quality study (46) evaluated risk for sudden infant death syndrome and found
no association with SCT.

Surgery- or Trauma-Related Outcomes

The same 3 studies evaluated surgical complications and surgical length of stay. One (16)
was rated as moderate quality for both outcomes, whereas 2 (47, 48) were rated as low
quality. None found statistically significant differences in the number of surgical outcomes
or length of stay between patients with and without SCT.

A single moderate-quality study (49) evaluated traumatic hyphema complications and found
an increased prevalence of secondary hemorrhage after blunt eye trauma among African
American children with and without SCT (64.3% vs. 0%).

Overall Mortality

Five studies assessed overall mortality. Three were graded as low quality (16, 50, 51) and 2
as very low quality (52, 53). None found an association between SCT and mortality.

Strength-of-Evidence Assessments

High-strength evidence suggests that SCT is a risk factor for VTE, PE, proteinuria, and
CKD (Table). Moderate-strength evidence suggests that SCT is associated with exertional
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rhabdomyolysis and that SCT is not a risk factor for DVT, stroke, heart failure, or low
pediatric height or weight.

Discussion

The clinical consequences of SCT have long been the subject of controversy, from screening
policies authorized by the government in the 1970s to the more recent mandate for screening
of Division I to 111 athletes by the National Collegiate Athletic Association initiated in 2010
to 2012 (3, 54-56). These programs sparked speculation about adverse health outcomes
related to SCT, which highlighted the need for a broad, evidence-based reevaluation of SCT.
Our systematic review found insufficient or low-strength evidence for most speculated
complications. We found high-strength evidence that SCT is a risk factor for VTE, PE,
proteinuria, and CKD and moderate-strength evidence that it is associated with extreme
exertion-related rhabdomyolysis. We also found moderate-strength evidence for a null
association between SCT and risk for DVT, stroke, heart failure, and low pediatric height or
weight.

Although exertion-related sudden death in persons with SCT, particularly in the military and
athletics, has received considerable attention in the media and medical literature (8, 54, 57,
58), results varied among the few studies we found that evaluated this outcome. An early
study from the 1980s (13) showed low absolute risk—but increased relative risk—for
sudden death among military recruits with SCT, but the study was limited by its prevalence
control design and lack of adjustment for confounders. No increased risk for sudden death
was found in a more contemporary cohort of Army soldiers on active duty between 2011 and
2014 that was followed after the Army’s adoption of universal precautions (acclimitization,
hydration, and optimization of activity duration and recovery) (14). Studies that rigorously
evaluated the risk for exertional death in athletics were lacking altogether. Although we rated
the strength of evidence for exertion-related sudden death as low, we note that SCT may be
associated with a small absolute risk for this outcome in extreme exertion-related conditions,
such as are possible in military or highly strenuous athletic training. We do concur with the
American Society of Hematology statement recommending against routine SCT screening in
athletics and supporting the consistent use of universal precautions to mitigate exertion-
related risk in all persons, regardless of SCT status (9). Similarly, although we found
moderate-strength evidence that SCT is a risk factor for exertional rhabdomyolysis, we note
that the absolute risk for this outcome is small, that it likely occurs only in high-intensity
training settings, and that additional genetic and environmental factors probably modify the
risk.

In addition, we found that although SCT is generally believed to be a risk factor for the rare
complications of altitude-related splenic infarction, renal medullary carcinoma, and papillary
necrosis (6), evidence was insufficient to assess degree of risk. We believe that the number
of anecdotal reports and case series for these rare outcomes suggests a likely association
with low absolute risk that warrants further study with appropriate control groups.

Venous and renal complications had the strongest body of evidence for an association with
SCT. Several experimental studies have shown elevated procoagulant markers in persons
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with SCT, providing biological plausibility for increased VTE risk (59-62). Our systematic
review shows high-strength evidence for SCT’s association with PE with and without DVT
but moderate-strength evidence for no increased risk for isolated DVVT in SCT carriers. The
cause of this paradoxical observation is unknown but may be an increased risk for clot
embolization in SCT (29). Nonetheless, the magnitude of increased risk for VTE and PE
among SCT carriers compared with noncarriers seems to be about 1.5 to 2, a level similar to
that found in low-risk thrombophilia, such as heterozygous prothrombin gene mutation or
factor V Leiden; therefore, routine testing for SCT in VTE is not warranted. Future studies
are needed to clarify modifiers of risk and rate of VTE recurrence in SCT.

Renal manifestations are among the most common outcomes attributed to SCT. In terms of
chronic renal impairment, we found that SCT is a risk factor for both proteinuria and CKD.
Prior injection radiographs have shown renal medullary vascular disruption in persons with
SCT compared with those with normal hemoglobin, suggesting that chronic pathologic
changes in SCT do occur (63). However, whether carriers are at risk for progression to
ESRD is unknown.

Our systematic review has several strengths. Our literature searches of multiple databases
identified no similar systematic reviews. We evaluated evidence for many complications that
experts had considered to be relevant and to have strong implications for policy and clinical
practice. We included only studies with accurate genotypic methods in our final review.

A major limitation of our review is the possibility of negative publication bias. Studies
reporting positive (that is, statistically significant) results are overall more likely to be
published than those with nonsignificant results. However, we did find some studies with
null findings, especially in the category of growth in children. Other limitations include an
overall lack of high-quality data and our exclusion of case reports and case series that may
have provided additional understanding of SCT and clinical complications.

Around the world, millions of persons with SCT live without complications. In this
systematic review, we found low-strength evidence or insufficient data for associations
between SCT and most clinical outcomes. Several outcomes do have high- or moderate-
strength evidence for a positive or null association with SCT. Future rigorous studies are
needed to address potential complications of SCT and to determine modifiers of risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgment:

The authors thank Nedra Whitehead, PhD, and Meera Viswanathan, PhD (RTI International), for initial systematic
collection of the literature and development of the quality assessment protocol for this study; Vonna Drayton, PhD,
and Chanza Baytop, MPH, DrPH (formerly of Abt Associates), for assistance in training National Human Genome
Research Institute (NHGRI) staff to conduct full-text review, data abstraction, and review of literature with the
authorship team; Allan Porowski, MPA (Abt Associates), and Chanza Baytop, MPH, DrPH, for help in developing
the strength-of-evidence assessment tool tailored for this review and working with the authorship team to establish a
consistent review of the studies; Verma Walker, MLS, Brigit Sullivan, MLS, and Dera Tompkins, MLS (National
Institutes of Health Library), for their comprehensive search of the databases to identify articles for this study;
David Kanney, MBA (Computational and Statistical Genomics Branch, NHGRI), for development of the database

Ann Intern Med. Author manuscript; available in PMC 2019 May 06.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Naik et al.

Page 11

for use by the authorship team to review all articles and report assessments; and Khadijah Abdallah, MPH, Dana
Franklin, MPH, Colleen Clark, BS, Jamal Jefferson, BS, MBA, and Anitra Persaud, BA (Social and Behavioral
Research Branch, NHGRI), for data retrieval and support of the authorship team.

Grant Support: In part by grant ZIAHG200394 from the Division of Intramural Research at NHGRI (Mr.
Bonham) and grant KOBHL125100 from the National Heart, Lung, and Blood Institute (Dr. Naik).

Primary Funding Source: National Human Genome Research Institute.

Disclosures: Dr. Naik reports grants from the National Heart, Lung, and Blood Institute during the conduct of the
study. Dr. de Montalembert reports grants and personal fees from Novartis and grants and personal fees from
Addmedica outside the submitted work. Dr. Joiner reports grants from the National Heart, Lung, and Blood Institute
during the conduct of the study and personal fees from Global Blood Therapeutics outside the submitted work. Dr.
Kato reports consulting for several pharmaceutical companies and receiving research funding from one, all targeted
at treatments for sickle cell disease; there is no actual conflict of interest with the present manuscript on sickle cell
trait, which is not involved in any treatment development by any company. Authors not named here have disclosed
no conflicts of interest. Disclosures can also be viewed at www.acponline.org/authors/icmje/
ConflictOfInterestForms.do?msNum=M18-1161.

References

1. Taylor SM, Parobek CM, Fairhurst RM. Haemoglobinopathies and the clinical epidemiology of
malaria: a systematic review and meta-analysis. Lancet Infect Dis. 2012;12:457-68. [PMID: ] doi:
10.1016/51473-3099(12)70055-5 [PubMed: 22445352]

2. Ojodu J, Hulihan MM, Pope SN, Grant AM; Centers for Disease Control and Prevention (CDC).
Incidence of sickle cell trait—United States, 2010. MMWR Morb Mortal WKkly Rep. 2014;63:1155-
8. [PMID: ] [PubMed: 25503918]

3. Naik RP, Haywood C Jr. Sickle cell trait diagnosis: clinical and social implications. Hematology Am
Soc Hematol Educ Program. 2015;2015:160-7. [PMID: ] doi:10.1182/asheducation-2015.1.160
[PubMed: 26637716]

4. Grant AM, Parker CS, Jordan LB, Hulihan MM, Creary MS, Lloyd-Puryear MA, et al. Public health
implications of sickle cell trait: a report of the CDC meeting. Am J Prev Med. 2011;41:S435-9.
[PMID: ] doi:10.1016/j.amepre.2011.09.012 [PubMed: 22099370]

5. World Health Organization Regional Committee for Africa. Sickle-cell disease: a strategy for the
WHO African region. 22 June 2010 Accessed at http://apps.who.int/iris/bitstream/10665/1682/1/
AFR-RC60-8.pdf on 1 February 2018.

6. Tsaras G, Owusu-Ansah A, Boateng FO, Amoateng-Adjepong Y. Complications associated with
sickle cell trait: a brief narrative review. Am J Med. 2009;122:507-12. [PMID: ] doi:10.1016/
j.amjmed.2008.12.020 [PubMed: 19393983]

7. Jordan LB, Smith-Whitley K, Treadwell MJ, Telfair J, Grant AM, Ohene-Frempong K. Screening
U.S. college athletes for their sickle cell disease carrier status. Am J Prev Med. 2011;41:5406-12.
[PMID: ] doi:10.1016/j.amepre.2011.09.014 [PubMed: 22099365]

8. Goldsmith JC, Bonham VL, Joiner CH, Kato GJ, Noonan AS, Steinberg MH. Framing the research
agenda for sickle cell trait: building on the current understanding of clinical events and their
potential implications. Am J Hematol. 2012;87:340-6. [PMID: ] doi:10.1002/ajh.22271 [PubMed:
22307997]

9. American Society of Hematology. Statement on screening for sickle cell trait and athletic
participation. 26 January 2012 Accessed at www.hematology.org/Advocacy/Statements/2650.aspx
on 1 February 2018.

10. Benson JM, Therrell BL Jr. History and current status of newborn screening for
hemoglobinopathies. Semin Perinatol. 2010;34:134-44. [PMID: ] doi:10.1053/j.semperi.
2009.12.006 [PubMed: 20207263]

11. Viswanathan M, Berkman ND. Development of the RTI item bank on risk of bias and precision of
observational studies. J Clin Epidemiol. 2012;65:163-78. [PMID: ] doi:10.1016/j.jclinepi.
2011.05.008 [PubMed: 21959223]

12. Owens DK, Lohr KN, Atkins D, Treadwell JR, Reston JT, Bass EB, et al. AHRQ series paper 5:
grading the strength of a body of evidence when comparing medical interventions—Agency for

Ann Intern Med. Author manuscript; available in PMC 2019 May 06.


http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M18-1161
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M18-1161
http://apps.who.int/iris/bitstream/10665/1682/1/AFR-RC60-8.pdf
http://apps.who.int/iris/bitstream/10665/1682/1/AFR-RC60-8.pdf
http://www.hematology.org/Advocacy/Statements/2650.aspx

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Naik et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Page 12

Healthcare Research and Quality and the Effective Health-Care Program. J Clin Epidemiol.
2010;63:513-23. [PMID: ] doi:10.1016/j.jclinepi.2009.03.009 [PubMed: 19595577]

Kark JA, Posey DM, Schumacher HR, Ruehle CJ. Sickle-cell trait as a risk factor for sudden death
in physical training. N Engl J Med. 1987;317:781-7. [PMID: ] [PubMed: 3627196]

Nelson DA, Deuster PA, Carter R 3rd, Hill OT, Wolcott VL, Kurina LM. Sickle cell trait,
rhabdomyolysis, and mortality among U.S. Army soldiers. N Engl J Med. 2016;375:435-42.
[PMID: ] doi:10.1056/NEJM0a1516257 [PubMed: 27518662]

Deuster PA, Contreras-Sesvold CL, O’Connor FG, Campbell WW, Kenney K, Capacchione JF, et
al. Genetic polymorphisms associated with exertional rhabdomyolysis. Eur J Appl Physiol.
2013;113:1997-2004. [PMID: ] doi:10.1007/s00421-013-2622-y [PubMed: 23543093]

Heller P, Best WR, Nelson RB, Becktel J. Clinical implications of sickle-cell trait and glucose-6-
phosphate dehydrogenase deficiency in hospitalized black male patients. N Engl J Med.
1979;300:1001-5. [PMID: ] [PubMed: 431593]

Naik RP, Derebail VK, Grams ME, Franceschini N, Auer PL, Peloso GM, et al. Association of
sickle cell trait with chronic kidney disease and albuminuria in African Americans. JAMA.
2014;312:2115-25. [PMID: ] doi:10.1001/jama.2014.15063 [PubMed: 25393378]

Ajayi AA, Kolawole BA. Sickle cell trait and gender influence type 2 diabetic complications in
African patients. Eur J Intern Med. 2004;15:312-5. [PMID: ] [PubMed: 15450989]

Lonsdorfer A, Comoe L, Yapo AE, Lonsdorfer J. Proteinuria in sickle cell trait and disease: an
electrophoretic analysis. Clin Chim Acta. 1989;181:239-47. [PMID: ] [PubMed: 2758678]

Oli JM, Reid HL. Do Nigerian diabetics with haemoglobin genotype Hb AS have greater risks of
developing renal complications and hypertension? A preliminary report. Trop Geogr Med.
1985;37:309-13. [PMID: ] [PubMed: 4095768]

Oli JM, Watkins PJ, Wild B, Adegoke OJ. Albuminuria in Afro-Caribbeans with type 2 diabetes
mellitus: is the sickle cell trait a risk factor? Diabet Med. 2004;21:483-6. [PMID: ] [PubMed:
15089795]

Aloni MN, Ngiyulu RM, Nsibu CN, Ekulu PM, Makulo JR, Gini-Ehungu JL, et al. Congolese
children with sickle cell trait may exhibit glomerular hyperfiltration: a case control study. J Clin
Lab Anal. 2017;31 [PMID: ] doi:10.1002/jcla.22143 [PubMed: 28102613]

Naik RP, Irvin MR, Judd S, Gutiérrez OM, Zakai NA, Derebail VK, et al. Sickle cell trait and the
risk of ESRD in blacks. J Am Soc Nephrol. 2017;28:2180-7. [PMID: ] doi:10.1681/ASN.
2016101086 [PubMed: 28280138]

Mukendi K, Lepira FB, Makulo JR, Sumaili KE, Kayembe PK, Nseka MN. Sickle cell trait is not
associated with chronic kidney disease in adult Congolese patients: a clinic-based, cross-sectional
study. Cardiovasc J Afr. 2015;26:125-9. [PMID: ] doi:10.5830/CVJA-2014-076 [PubMed:
26592908]

Dueker ND, Della-Morte D, Rundek T, Sacco RL, Blanton SH. Sickle cell trait and renal function
in Hispanics in the United States: the Northern Manhattan study. Ethn Dis. 2017;27:11-4.

[PMID: ] doi:10.18865/ed.27.1.11 [PubMed: 28115816]

Hicks PJ, Langefeld CD, Lu L, Bleyer AJ, Divers J, Nachman PH, et al. Sickle cell trait is not
independently associated with susceptibility to end-stage renal disease in African Americans.
Kidney Int. 2011;80:1339-43. [PMID: ] d0i:10.1038/ki.2011.286 [PubMed: 21849968]

Derebail VK, Nachman PH, Key NS, Ansede H, Falk RJ, Kshirsagar AV. High prevalence of sickle
cell trait in African Americans with ESRD. J Am Soc Nephrol. 2010;21:413-7. [PMID: ] doi:
10.1681/ASN.2009070705 [PubMed: 20056747]

Derebail VK, Lacson EK Jr, Kshirsagar AV, Key NS, Hogan SL, Hakim RM, et al. Sickle trait in
African-American hemodialysis patients and higher erythropoiesis-stimulating agent dose. J Am
Soc Nephrol. 2014;25:819-26. [PMID: ] doi:10.1681/ASN.2013060575 [PubMed: 24459231]
Folsom AR, Tang W, Roetker NS, Kshirsagar AV, Derebail VK, Lutsey PL, et al. Prospective study
of sickle cell trait and venous thromboembolism incidence. J Thromb Haemost. 2015;13:2-9.
[PMID: ] doi:10.1111/jth.12787 [PubMed: 25393788]

Austin H, Key NS, Benson JM, Lally C, Dowling NF, Whitsett C, et al. Sickle cell trait and the risk
of venous thromboembolism among blacks. Blood. 2007;110:908-12. [PMID: ] [PubMed:
17409269]

Ann Intern Med. Author manuscript; available in PMC 2019 May 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Naik et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 13

Ahmed SG, Kagu MB, Ibrahim UA, Bukar AA. Impact of sickle cell trait on the thrombotic risk
associated with non-O blood groups in northern Nigeria. Blood Transfus. 2015;13:639-43.
[PMID: ] doi:10.2450/2015.0335-14 [PubMed: 26057489]

Liem RI, Chan C, Vu TT, Fornage M, Thompson AA, Liu K, et al. Association among sickle cell
trait, fitness, and cardiovascular risk factors in CARDIA. Blood. 2017;129:723-8. [PMID: ] doi:
10.1182/blood-2016-07-727719 [PubMed: 27856464]

Etyang AO, Wandabwa CK, Kapesa S, Muthumbi E, Odipo E, Wamukoya M, et al. Blood Pressure
and Arterial Stiffness in Kenyan Adolescents With the Sickle Cell Trait. Am J Epidemiol. 2018;
187 199-205. [PMID: ] doi:10.1093/aje/kwx232 [PubMed: 28992220]

Bello NA, Hyacinth HI, Roetker NS, Seals SR, Naik RP, Derebail VK, et al. Sickle cell trait is not
associated with an increased risk of heart failure or abnormalities of cardiac structure and function
[Letter]. Blood. 2017;129:799-801. [PMID: ] doi:10.1182/blood-2016-08-705541 [PubMed:
27932373]

Caughey MC, Loehr LR, Key NS, Derebail VK, Gottesman RF, Kshirsagar AV, et al. Sickle cell
trait and incident ischemic stroke in the Atherosclerosis Risk in Communities study. Stroke.
2014;45:2863-7. [PMID: ] doi:10.1161/STROKEAHA.114.006110 [PubMed: 25139879]

Hyacinth HI, Carty CL, Seals SR, Irvin MR, Naik RP, Burke GL, et al. Association of sickle cell
trait with ischemic stroke among African Americans: a meta-analysis. JAMA Neurol.
2018;75:802—7. [PMID: ] doi:10.1001/jamaneurol.2018.0571 [PubMed: 29710269]

Al Harbi M, Khandekar R, Kozak |, Schatz P. Association between sickle cell trait and the
prevalence and severity of diabetic retinopathy. PLoS One. 2016;11:e0159215 [PMID: ] doi:
10.1371/journal.pone.0159215 [PubMed: 27414024]

Qamra S, Roy J, Srivastava P. Impact of sickle cell trait on physical growth in tribal children of
Mandla district in Madhya Pradesh, India. Ann Hum Biol. 2011;38:685-90. [PMID: ] doi:
10.3109/03014460.2011.608378 [PubMed: 21864082]

Ashcroft MT, Desai P, Richardson SA, Serjeant. Growth, behaviour, and educational achievement
of Jamaican children with sickle-cell trait. Br Med J. 1976;1:1371-3. [PMID: ] [PubMed:
1276695]

Ashcroft MT, Desai P, Grell GA, Serjeant BE, Serjeant GR. Heights and weights of West Indian
children with the sickle cell trait. Arch Dis Child. 1978;53:596-8. [PMID: ] [PubMed: 686800]
Barmate N, Wakode S, Fulpatil M. Influence of sickle hemoglobinopathies on growth &
development. Medico-Legal Update. 2010;10:82-5.

Freire-Maia N, Paes Alves AF, Oliveira MP, Olympio da Silva MC, Lima Machado MA, Azevédo
ES. Anthropometric data of children heterozygous for abnormal hemoglobins (Hb AS, Hb AC)
and paired controls Hb AA. Hum Hered. 1981;31:70-3. [PMID: ] [PubMed: 7228060]

Kramer MS, Rooks Y, Pearson HA. Growth and development in children with sickle-cell trait. A
prospective study of matched pairs. N Engl J Med. 1978;299:686-9. [PMID: ] [PubMed: 683252]
Rehan N Growth status of children with and without sickle cell trait. Clin Pediatr (Phila).
1981;20:705-9. [PMID: ] [PubMed: 7297011]

McCormack MK, Scarr-Salapatek S, Polesky H, Thompson W, Katz SH, Barker WB. A
comparison of the physical and intellectual development of black children with and without sickle-
cell trait. Pediatrics. 1975;56:1021-5. [PMID: ] [PubMed: 172854]

Gozal D, Lorey FW, Chandler D, Derry MK, Lisbin A, Keens TG, et al. Incidence of sudden infant
death syndrome in infants with sickle cell trait. J Pediatr. 1994;124:211-4. [PMID: ] [PubMed:
8301424]

Atlas SA. The sickle cell trait and surgical complications. A matched-pair patient analysis. JAMA.
1974;229:1078-80. [PMID: ] [PubMed: 4407956]

Djaiani GN, Cheng DC, Carroll JA, Yudin M, Karski JM. Fast-track cardiac anesthesia in patients
with sickle cell abnormalities. Anesth Analg. 1999;89:598-603. [PMID: ] [PubMed: 10475287]
Nasrullah A, Kerr NC. Sickle cell trait as a risk factor for secondary hemorrhage in children with
traumatic hyphema. Am J Ophthalmol. 1997;123:783-90. [PMID: ] [PubMed: 9535622]
Ashcroft MT, Desai P. Mortality and morbidity in Jamaican adults with sickle-cell trait and with
normal haemoglobin followed up for twelve years. Lancet. 1976;2:784—6. [PMID: ] [PubMed:
61453]

Ann Intern Med. Author manuscript; available in PMC 2019 May 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Naik et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 14

Stark AD, Janerich DT, Jereb SK. The incidence and causes of death in a follow-up study of
individuals with haemoglobin AS and AA. Int J Epidemiol. 1980;9:325-8. [PMID: ] [PubMed:
7203774]

Balgir R Epidemiologic-study of sickle-cell disease in Western Orissa. Man India. 1993;73:363—
70.

Castro O, Rana SR, Bang KM, Scott RB. Age and prevalence of sickle-cell trait in a large
ambulatory population. Genet Epidemiol. 1987;4:307-11. [PMID: ] [PubMed: 3666437]

Bonham VL, Dover GJ, Brody LC. Screening student athletes for sickle cell trait—a social and
clinical experiment. N Engl J Med. 2010;363:997-9. [PMID: ] doi:10.1056/NEJMp1007639
[PubMed: 20825310]

Bowman JE. Genetic screening programs and public policy. Phylon. 1977;38:117-42. [PMID: ]
[PubMed: 11663029]

Bowman JE. Mass screening programs for sickle hemoglobin: a sickle cell crisis. JAMA.
1972;222:1650 [PMID: ] [PubMed: 4678369]

Stein R Sickle cell testing of athletes stirs discrimination fears. The Washington Post. 20
September 2010 Accessed at www.washingtonpost.com/wp-dyn/content/article/2010/09/19/
AR2010091904417.html on 1 February 2018.

Beachum L Sickle cell trait may not increase the risk of death. The Washington Post. 3 August
2016 Accessed at www.washingtonpost.com/news/to-your-health/wp/2016/08/03/sickle-cell-trait-
may-not-increase-the-risk-of-death on 1 February 2018.

Naik RP, Wilson JG, Ekunwe L, Mwasongwe S, Duan Q, Li Y, et al. Elevated D-dimer levels in
African Americans with sickle cell trait [Letter]. Blood. 2016;127:2261-3. [PMID: ] doi:10.1182/
blood-2016-01-694422 [PubMed: 26968536]

Folsom AR, Alonso A, George KM, Roetker NS, Tang W, Cushman M. Prospective study of
plasma D-dimer and incident venous thromboembolism: the Atherosclerosis Risk in Communities
(ARIC) study. Thromb Res. 2015;136:781-5. [PMID: ] doi:10.1016/j.thromres.2015.08.013
[PubMed: 26337932]

Westerman MP, Green D, Gilman-Sachs A, Beaman K, Freels S, Boggio L, et al. Coagulation
changes in individuals with sickle cell trait. Am J Hematol. 2002;69:89-94. [PMID: ] [PubMed:
11835343]

Amin C, Adam S, Mooberry MJ, Kutlar A, Kutlar F, Esserman D, et al. Coagulation activation in
sickle cell trait: an exploratory study. Br J Haematol. 2015;171:638-46. [PMID: ] doi:10.1111/bjh.
13641 [PubMed: 26511074]

Statius van Eps LW, Pinedo-Veels C, de Vries GH, de Koning J. Nature of concentrating defect in
sickle-cell nephropathy. Microradioangiographic studies. Lancet. 1970;1:450-2. [PMID: ]
[PubMed: 4189754]

Ann Intern Med. Author manuscript; available in PMC 2019 May 06.


http://www.washingtonpost.com/wp-dyn/content/article/2010/09/19/AR2010091904417.html
http://www.washingtonpost.com/wp-dyn/content/article/2010/09/19/AR2010091904417.html
http://www.washingtonpost.com/news/to-your-health/wp/2016/08/03/sickle-cell-trait-may-not-increase-the-risk-of-death
http://www.washingtonpost.com/news/to-your-health/wp/2016/08/03/sickle-cell-trait-may-not-increase-the-risk-of-death

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Naik et al.

Page 15

Records identified through
database search
(n=7,082)

Records identified through
other sources
(n=1)

\/

Records screened at
abstract/title level
(n=7,083)

Full-text articles assessed for
eligibility
(n=178)

e

Records excluded by

abstract/title
(n=6,905)

A

Articles included in review
(n=41)

Figure.
Evidence search and selection.

Records excluded by full-text (n=137):

No relevant outcome: 94

Invalid genotype method: 21
Inappropriate control group: 15
No separate outcomes for SCT: 4
Duplicate cohort: 3
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