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IMPORTANCE Sickle cell trait (SCT), defined as the presence of 1 hemoglobin beta sickle allele
(rs334-T) and 1 normal beta allele, is prevalent in millions of people in the US, particularly in
individuals of African and Hispanic ancestry. However, the association of SCT with COVID-19 is
unclear.

OBJECTIVE To assess the association of SCT with the prepandemic health conditions in
participants of the Million Veteran Program (MVP) and to assess the severity and sequelae of
COVID-19.

DESIGN, SETTING, AND PARTICIPANTS COVID-19 clinical data include 2729 persons with SCT, of
whom 353 had COVID-19, and 129 848 SCT-negative individuals, of whom 13 488 had
COVID-19. Associations between SCT and COVID-19 outcomes were examined using firth
regression. Analyses were performed by ancestry and adjusted for sex, age, age squared, and
ancestral principal components to account for population stratification. Data for the study
were collected between March 2020 and February 2021.

EXPOSURES The hemoglobin beta S (HbS) allele (rs334-T).

MAIN OUTCOMES AND MEASURES This study evaluated 4 COVID-19 outcomes derived from
the World Health Organization severity scale and phenotypes derived from International
Classification of Diseases codes in the electronic health records.

RESULTS Of the 132 577 MVP participants with COVID-19 data, mean (SD) age at the index
date was 64.8 (13.1) years. Sickle cell trait was present in 7.8% of individuals of African
ancestry and associated with a history of chronic kidney disease, diabetic kidney disease,
hypertensive kidney disease, pulmonary embolism, and cerebrovascular disease. Among the
4 clinical outcomes of COVID-19, SCT was associated with an increased COVID-19 mortality in
individuals of African ancestry (n = 3749; odds ratio, 1.77; 95% Cl, 113 t0 2.77; P = .01). In the
60 days following COVID-19, SCT was associated with an increased incidence of acute kidney
failure. A counterfactual mediation framework estimated that on average, 20.7% (95% Cl,
-3.8% t0 56.0%) of the total effect of SCT on COVID-19 fatalities was due to acute kidney
failure.

CONCLUSIONS AND RELEVANCE In this genetic association study, SCT was associated with
preexisting kidney comorbidities, increased COVID-19 mortality, and kidney morbidity.
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lion confirmed cases and 5.7 million deaths worldwide

(as of February 10, 2022).! Certain demographic and pre-
existing medical conditions are associated with worse
COVID-19 outcomes, including chronic kidney disease, chronic
obstructive pulmonary disease, and sickle cell disease (SCD).2
Sickle cell disease has 2 copies of hemoglobin beta sickle alleles
(rs334-T); sickle cell trait (SCT) has 1 rs334-T and 1 wild-type
allele.

The USincidence estimate for SCT was 73.1 cases per 1000
Black newborns, 6.9 cases per 1000 Hispanic newborns, and
3.0 cases per 1000 White newborns.® Although largely con-
sidered a benign condition, SCT has been associated with in-
creased risk for adverse outcomes’ ranging from rare compli-
cations of exertion-related injuries®° and renal medullary
carcinoma'® to more common medical conditions such as
chronickidney disease''? and venous thromboembolism.'*?*

The Centers for Disease Control and Prevention (CDC) has
advised that patients with SCD be regarded as highly suscep-
tible to COVID-19.' However, this cautionary advice does not
extend to individuals with SCT. Sickle cell trait affects more
than 3 million people in the US and 300 million people glob-
ally, but because it is not routinely assessed, there is a pau-
city of data on the association between SCT and COVID-19 out-
comes. We addressed thisissue in the Million Veteran Program
(MVP) within the Department of Veterans Affairs (VA). The VA
encompasses a comprehensive electronic health record (EHR)
system with clinical data for pre-COVID-19 and post-
COVID-19 conditions and genotyping results for SCT in more
than 658 582 veterans. The objective was to examine the as-
sociation of SCT with preexisting conditions, COVID-19 out-
come severity, and post-COVID-19 conditions.

T he COVID-19 pandemic has caused more than 405 mil-

Methods

Data Sources

The MVP, a large multiethnic genetic biobank of US veterans,”
served as the primary cohort analyzed for this COVID-19 study.
Directly genotyped (rs334-T) or imputed (rs33930165-T) mark-
ers in the hemoglobin beta gene were extracted and used for
association testing (see eMethods in Supplement 1). All rs334-
T-positive individuals had only 1 copy of the sickle allele and
1 copy of the nonsickle allele and therefore carried the SCT.
There were nors334-T homozygous, ie, sickle cell disease (SCD),
individuals in our study population as individuals with SCD
were not expected to enter the military (eFigure 1in Supple-
ment 1). The MVP received ethical and study protocol ap-
proval from the VA Central Institutional Review Board in ac-
cordance with the principles outlined in the Declaration of
Helsinki. All individuals in the study provided written in-
formed consent as part of the MVP.

COVID-19 Data Source and Severity Definition

COVID-19 severity and kidney complication assessment was
obtained from the EHR data collected at a VA medical center
through March 2021. All participants in this study were tested
for COVID-19 at the VA using polymerase chain reaction-
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Key Points

Question Is the presence of sickle cell trait (SCT) associated with
worse outcomes of COVID-19?

Findings In this genetic association study of 2729 persons with
SCT and 129 848 who were SCT negative, individuals with SCT had
anumber of preexisting kidney conditions that were associated
with unfavorable outcomes following COVID-19. The presence of
SCT was associated with increased risk of mortality and acute
kidney failure following COVID-19.

Meaning Results strongly support the inclusion of SCT as an
adverse prognostic factor for COVID-19.

based methods.'® The index date was defined as a COVID-19
diagnosis date, ie, specimen date; and for a hospitalized pa-
tient, the admission date up to 15 days prior to the COVID-19
specimen date. The MVP Data Core and COVID-19 study team
adapted the World Health Organization COVID-19 Disease Pro-
gression Scale to define COVID-19 outcomes.'?! Detailed defi-
nitions of COVID-19 outcomes are provided in eMethods in
Supplement 1.

Comorbidity Analysis

Association was examined between SCT status and a broad
spectrum of common comorbidities and median laboratory val-
ues obtained from the EHR focusing on the period prior to the
onset of the pandemic. Median laboratory values were calcu-
lated from longitudinal EHR data for each individual (eg, the
median of all creatinine values for an individual in the EHR).
Conceptually, this analysis is similar to examination of comor-
bidity indices in epidemiology studies to determine if spe-
cific comorbid conditions, represented by frequently used labo-
ratory measures or disease codes, are enriched among cases.
In the recent genetic literature, this type of analysis is called a
phenome-wide association study (PheWAS)?? and laboratory-
wide association study (LabWAS), which enables us to deter-
mine if SCT affects more than 1 organ system or laboratory mea-
sure, a phenomenon called pleiotropy. We derived 1866
preexisting conditions and 64 laboratory measurements from
the EHR prior to onset of COVID-19 (from the time of enroll-
ment at VA through September 2019).

Phenotyping of Preindex and Postindex Kidney Conditions
for COVID-19

To further evaluate the associations between SCT, kidney dis-
orders, and COVID-19, we curated a list of kidney conditions.
These kidney sequelae were extracted by using 1 of the fol-
lowing: natural language processing, International Classifica-
tion of Diseases codes, Current Procedural Terminology codes,
or laboratory data. The list extracted includes many kidney con-
ditions: acute kidney failure (AKF), prior end-stage renal dis-
ease, chronic kidney disease, chronic kidney failure, nephro-
sis, and stable and normal kidney function. Using the date of
COVID-19 diagnosis as the partition, conditions within a 2-year
window prior to COVID-19 diagnosis were preindex condi-
tions, and those within 60 days after the COVID-19 diagnosis
date were postindex conditions (eTable 1 in Supplement 2).
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Statistical Analysis

The PheWAS assessed whether hemoglobin beta alleles had
shared genetic architecture with preexisting conditions and
COVID-19, and LabWAS analyzed median laboratory mea-
sures using clinical data from the EHR. We derived 1866 pre-
existing conditions and 64 laboratory measurements from
the EHR prior to onset of COVID-19 (from the time of enroll-
ment at VA through September 2019). We applied logistic
and linear regression for models to preexisting comorbidi-
ties and laboratory measures, respectively. Firth logistic
regression?*24 implemented with the R package “brglm2”
(version 0.7.1)?°> was used to examine the association
between hemoglobin beta alleles and COVID-19 outcomes.
Because genetic ancestral groups show considerable hetero-
geneity within and across groups, the preexisting comorbid-
ity association analyses were conducted separately in each
ancestral group.2® All the models were adjusted for sex, age,
age squared, and the first 20 ancestry-specific principal
components derived from the genetic data to account for
confounding due to population stratification. Adjustments
for demographic and population structure are standard cor-
rections for bias and confounding?’; additional details can
be found in eMethods in Supplement 1. Lastly, summary
statistics from each ancestry were meta-analyzed using
random-effects meta-analysis as implemented in the R
package “metafor” (version 2.4-0).28 P values presented are
2-tailed, and the level of significance was .05.

We used counterfactual mediation modeling to investi-
gate whether postindex AKF caused mortality in participants
of African ancestry with SCT. Please see the eMethods in
Supplement 1 for specific details on the mediator model.

.|
Results

SCT in MVP Participants of African and Hispanic Ancestry
Ofthe 132 577 MVP participants with COVID-19 data, mean (SD)
age at the index date was 64.8 (13.1) years. Demographic and
clinical characteristics of the study participants are shown in
eTables 2 and 3 in Supplement 2. The prevalence of the sickle
allele (rs334-T) comprised 7.8% of study participants of Afri-
can ancestry and 1% of study participants of Hispanic ances-
try. Given that the prevalence of SCT differed by ancestry, we
conducted ancestry-specific analyses. However, main find-
ings were focused on individuals of African ancestry. The study
design with the number of individuals selected for different
analyses is presented in Figure 1.

SCT Comorbidities and Risk Factors Associated With
COVID-19 Severity

To determine preexisting conditions in individuals with SCT
that may be associated with poor COVID-19 outcome, we per-
formed PheWAS to test for associations between rs334-T and
preexisting conditions preceding the COVID-19 pandemic
among 658 358 MVP participants. We identified 31 phecodes,
with significant association (adjusted P < 1.48 x 107°) in indi-
viduals of African ancestry (Figure 2; eTable 4 in Supple-
ment 2). The most significant association observed was sickle
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cell anemia/trait-related condition (phecode: 282.5; odds ra-
tio [OR], 93.17; 95% CI, 78.60-110.44; P = 1 x 1039°), We iden-
tified several associations with conditions reported as risk fac-
tors associated with COVID-19 severity and mortality, such as
chronic kidney disease (OR, 1.45; 95% CI, 1.36-1.55;
P = 1.8 x 10728), type 2 diabetes with kidney complications (OR,
1.33; 95% CI, 1.23-1.43; P = 3.7 x 107'3), pulmonary embolism
(OR, 1.43; 95% CI, 1.27-1.60; P = 1.73 x 10~°), pulmonary heart
disease (OR, 1.30; 95% CI, 1.19-1.42; P = 5.3 x 107°), and hy-
pertensive kidney disease (OR, 1.19; 95% CI, 1.12-1.26;
P =2.77 x 107°). The full summary statistics for the associa-
tion study are presented in eTable 4 in Supplement 2.

Association studies with laboratory parameters identi-
fied previously known associations with several hematologic
traits such as mean corpuscular hemoglobin, mean corpuscu-
lar volume, hemoglobin, hematocrit, and red blood cell dis-
tribution width!>2° (eFigure 2 in Supplement 1; eTable 5 in
Supplement 2). Among the kidney function laboratory mea-
sures, increased creatinine levels and decreased estimated glo-
merular filtration rate were associated with SCT in partici-
pants of African and Hispanic ancestry, consistent with the
presence of kidney problems reported by PheWAS (Table 1and
eTable 5 in Supplement 2). The full summary statistics for as-
sociation with laboratory measurement are presented in
eTable 5 in Supplement 2.

Next, we examined the association of the 31 preexisting
conditions identified from the aforementioned comorbidity as-
sociation studies with COVID-19 outcomes among MVP par-
ticipants of African ancestry (March 2020 to February 2021).
We observed 13 of these preexisting conditions were associ-
ated with COVID-19-related death (eTable 6 in Supple-
ment 2). The most significant associations were with kidney
disorders such as chronic kidney failure (OR, 1.95; 95% CI, 1.44-
2.62; P = 9.3 x 107), chronic kidney disease (OR, 1.94; 95% CI,
1.44-2.62; P = 1.2 x 107°), and kidney dialysis (OR, 2.07; 95%
CI, 1.24-3.45; P = .005). Other clinical conditions associated
with COVID-19-related death included type 2 diabetes with kid-
ney manifestation (OR, 2.19; 95% CI, 1.60-2.98; P = 7.42 x 107),
hypertensive heart and/or kidney disease (OR, 1.86; 95% CI,
1.40-2.46; P = 1.64 x 107°), and hyperkalemia (OR, 2.62; 95%
CI, 1.56-3.90; P = 2.07 x 10~®). Therefore, our subsequent analy-
ses focused on kidney conditions among patients with COVID-
19.

Association of SCT With Severity of COVID-19

We examined the SCT association with 4 outcomes of COVID-
19: susceptibility, hospitalization, severe conditions where in-
dividuals required ventilator support or intensive care, and
death due to COVID-19. We determined that SCT was associ-
ated with increased risk of death from COVID-19 in African an-
cestryindividuals (OR, 1.77; 95% CI, 1.13-2.77; P = .01) (Table 2).
Our main focus was the African ancestry individuals from the
MVP where SCT has more prevalence. We also studied the His-
panic ancestral group in the MVP, but the reduced allele fre-
quencies and low sample size led to weaker, though consis-
tent, observations. These results are presented in eTable 7 in
Supplement 2. The meta-analysis of the estimates across 2 an-
cestral groups provided more statistical power and a stronger

JAMA Internal Medicine Published online June 27,2022

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of California - Los Angeles User on 07/13/2022

E3


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141

E4

Research Original Investigation

Kidney Comorbidities and Acute Kidney Failure After COVID-19 in Individuals With Sickle Cell Trait

Figure 1. Flowchart With the Number of Individuals Selected for the Association Study
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Left, phenome-wide association study (PheWAS) and laboratory-wide
association study (LabWAS) analysis; middle, outcome severity; right,
association study with clinical outcomes that occurred within 60 days of
COVID-19 testing/diagnosis. Individuals tested within the Department of
Veterans Affairs (VA) who had nonmissing genotyping and ethnic information
were included. Phecodes that showed association with sickle cell trait (SCT)

were tested for their association with COVID-19-related death in individuals of
African ancestry (left lower); SCT-related conditions post-COVID-19 were tested
for their mediation of SCT-related death in COVID-19 (right lower). AKF indicates
acute kidney failure; Hb, hemoglobin; ICD-9/ICD-10, International Classification
of Diseases, Ninth Revision/Tenth Revision; MVP, Million Veteran Program.

association between SCT and COVID-19-related deaths (OR,
1.77; 95% CI, 1.13-2.77; P = .005) (eTable 7 in Supplement 2).

In contrast, rs33930165-T, which is an HbC allele with a
prevalence of 1.7% among African ancestry individuals, was
not associated with any COVID-19 outcomes (eTable 8 in
Supplement 2). Association analyses showed that the HbC al-
lele was not associated with the myriad of clinical/kidney con-
ditions associated with SCT (eFigures 3 and 4 in Supple-
ment 1; eTables 9 and 10 in Supplement 2).

Association of SCT With Kidney Outcomes Within 60 Days
of COVID-19

Given the association of SCT with prepandemic kidney comor-
bidities and the association of these kidney conditions with
COVID-19 death in African ancestry individuals, we investi-
gated the incidence of AKF and declining kidney function
within 60 days of COVID-19 diagnosis and their interaction with
SCT. Among 31287 African ancestry individuals tested for
COVID-19, 66.8% had stable and normal kidney function, 31%
had declining kidney function, and 27.4% had kidney impair-

JAMA Internal Medicine Published online June 27,2022

ments (includes AKF, prior end-stage kidney failure, chronic
kidney disease, chronic kidney failure or nephrosis) within 2
years prior to COVID-19 diagnosis. We observed a statistically
significant increase in postindex AKF in individuals with SCT
with COVID-19 compared with individuals without SCT (OR,
1.40;95% CI, 1.09-1.90; P= .02) (Table 3). The interaction model
suggests a significant interaction effect of COVID-19 with SCT
on AKF (P = .02; Table 3). In separate models, after adjusting
for preexisting kidney impairment based on International Clas-
sification of Diseases codes in stepwise regression analysis or
declining kidney function based on primarily laboratory val-
ues, the ORs for AKF remained largely unchanged with a nomi-
nally significant P value in all the models (Table 3).

We then examined a subset of patients with stable and nor-
mal kidney function prior to COVID-19 and determined whether
SCT was associated with increased risk of declining kidney
function with COVID-19. We observed a statistically signifi-
cant increase in the odds for declining kidney function after
COVID-19 in individuals with SCT compared with individuals
without SCT with COVID-19 (OR, 1.77; 95% CI, 1.16-2.67;

jamainternalmedicine.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of California - Los Angeles User on 07/13/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.2141?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141

E5

"9s5easIp
Kauppj| 21uoayd saedlpul gy ‘A13sadue uedllyy Jo syuedpiied Ul |-4E€SI JO sUOIeIDOSSE JuedIIUSIS [uolajuog
31 JO D %S6 PUe 011e1 SpPo au) smoys 10jd au L ‘g "(c_OL x | > d) UONISLI0D IU0LIJUOg B} UO Paseq ploysalyl
2ouedIyIUSIS U1 S21BDIPUI BUI| PRl By »|SL PadNPal S1USsaIdal PIEMUMOP 3y} pUB ysi pasea.nul Sunuasaidal

9|SueLi plemdn By} YHM 'SUOIIBIDOSSE B3 JO 199449 JO UOoNIa.IP 3y} sjuasaldal a|Suell} 4oes Jo uoidalip

3y "SIXe-X aY1 UO UMOYS S| UoI3e|osse Udes Jo (Q1S0|-) anjeA d Y] "sa110833ed aseasip Japeolq Aq paziueSio

pue sixe-A ay3 U0 UMOYS aJe SUOIIPUO) [ed1uld 8y “Ansadue uedlyy jo sueddiued AN Ul 61-AIAQD 01 Joud

B1EP SPJ0231 Y3|EaY JIL0.303|3 B3 WOL) PAALIDP SUOIIPLOD [BDIUID PUB |-EES] JO SUOIRID0SSE SUIMOYS 10|d ‘Y

Original Investigation Research

Kidney Comorbidities and Acute Kidney Failure After COVID-19 in Individuals With Sickle Cell Trait

~
o
o
~
~
~N
()
c
=
=2
()
£
5
(1D %56) 011e1 sppO (d)otb0]- 3
oot o E o 00€ 0st 00z 0s1 00T 0s 0 &
L L L L | | ! . | X M
- (0S'T-LT'T)€EE°T (u1brio Asupny o) wsipiolAyielediadAy A1epuodas o
i h h elwassejodsadAy )
= 8# -1 Hv LT m_Ewmwmuon\_wQ\nI suoljesajiuew A&3upn| Yyiim sayaqelp g adAL m
= (O’ 1-LT'T)0E'T ejusdoyfdoquioay L saluyyedoayJe |e3sA1d Jayjo pue Jno9 Ayzedoayyie Ainony M
- (S¥'I-LT'T)0E'T suoI3Ipu0d dibeyioway Jaylo pue eindind oo K W
[1-] .
—a— (99°0-9€°0) 6°0 193a.1n Jo snndje) \mm_Ewcm Snkjoway Aenpasey ejwasjeutadAy 1o/pue AjjejowsosadAy _— m M
- (6V'T-6T°T) €€°T uonduNy A3Upny paltedw wo.y Burynsal s1apiosiq { $50] PO0]q 03 3NP 10U J0 Par1dAdsuN ‘seiwaue AudldIap-uo| e N
~ selwaue Aualdap-uol| \ M Q
= (8T°T-CT'T)0C'T  SSO] poo]q 03 aNp Jou J0 paly1dadsun ‘seiwaue Aoualdyap-uod| eILIRUR (122 3PPIS Se|IaUe 1BLIO s 3 ~
@I ul erwauy = I
- (18'0-29°0) 1£°0 Asuppy jo smndjed 35R3SIP 21O JO BILLIBUY 5 9 <
= (8T1-TT'1)0C'T sejwaue Aduaidiyap-uol| SUOIIPUO2 1BeYLI0WaY J3Y30 pue eind.ng i .mv &
: : . eul3al Jo ajod Jo14s3s0d pue ejndew Jo uoljelausba eadoyOquolL " = m
= (6€°T-LT'T)8C'T 1394 4o 310d Jolidysod pue e} Jouony a — Z s
(0V'T-41°T) 8T'T 35BSIP J1UOIYD JO BILLIAUY eunal 4o ajod Joidysod pue ejndew Jo uonesausbag c M
(LS T-¥CT)6ET Ayjedouyyte A3no9 3seasip Aaupp| J0/pue 1eay anisuaIadAH / .m 5
)
(€r'1-6T'T) 0€'T aseasip 31eay Aleuow)ng aseasip Koup SO ORISR ——— .w w
(9C'T-€T'T)6T'T aseasip Asupp| 1o/pue 1iesy aAlsualiadAH aseasip 1eay Aleuow)ng % m
(T9'T-LTT) €¥'T 91N2€ ‘U0I12.eJUI PUB WS|oqud Aleuowingd 250951 3eay Aleuowynd ayndy m Wb
(££°0-19°0) 69°0 snjnajed Aleuun 33NJ€ ‘U0I3DIRJUI PUE WSHOGWS AlRuowIng m M
- (291-8C ) ¥’ aseas|p 1eay Ateuow)nd ayndy M |
1
= (9S°T-LTT) TP'T 95easIp A3UpD| 10D Ul BIUBUY = =
uonpuny A3upp| pasredw woiy buinsas s1apiosiq m =
- WLT-TLT) LT'T ejwa.jeusadAy Jo/pue AynejowsosadAH suniey Kaupiy m cvm...
= (Y T-€TT) €ET suoijeysajiuew Aupn| yum sajaqelp g adAL (@) niies AoupB 10 m w
- (€2°0-85°0) §9°0 epnjewsay 31doasodip 11l aBe3s ‘250351p KaUpD| A1UOIL) — ) < =
= Amw.ﬁ.wN.C €e'T aseas|p >mc_u_v_ dluoyd m>_w:mtmn_>I (uiBrio Asupny J0) w 1AyjesediadAy A1epuodas \ m ;W.
= A._”m.ﬁ.w._”:_”v e SeIWBUE 13YI0 elnjewsy 21dodsoIpy \ “ AN .m
= (rET-1TT) LTT a.nyiey Aaupry smnjes Aseurin “ © 2
Kaupp] 4o sninaje) =
= (EV'T-8T'T) SE'T (@12) aanqiey Asupp) dluoayd K "nUa
= (9G°T-9€°T) 9¥'T |11 9683 ‘aseasip Asupn| d1uo.y) 133240 40 SNNJJe) z
= @S T-ven) ev'T salyzedouyie 1e3sA1> Jajo pue 3oy ana0ld A sty ¥ 1eai6ojounan il fseuninoyuao [ g
= (S T-SET ¥P'T noy saseasip snondaju [ suebuo asuas [ a16oj0rewnsaq [l i M
= (STTT-65°6) LEOT sejwaue d13Ajoway Aselipalay swseidoaN [ swaishs Aoyenda) [ 1esaysoinasniy [l m m M
- (S7'0TT-19'82) 8T'€6 e|Lwaue 1132 APPIS anogezawy/autoopul [l Aoyendsay [ swordwis [l @ E
(1D %56) 321nos J13910d0jeWaH . ansabiqg D sbujuosiod pue Ainfu D " M m
o13el sppo m g
b <
K13sadue uedLyy Jo syuedidipied Ul J-€ €SI JO SUOIFRIDOSSE JO SOII SPPO sjuedidiied dAN Ul SUOIIPUOD 1BIIUID PUB |- € €SI JO SUOIIRID0SSY E m ”J
£
dAIN) WeiSold UeIaIaA UOI[IA @43 Ul saniipigowo)) diwapuedald YUM L-HEES] Jo ApniS uoneinossy z ainsiq g
Il Y PIq P y JOAp! E

Downloaded From: https


http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.2141

Research Original Investigation Kidney Comorbidities and Acute Kidney Failure After COVID-19 in Individuals With Sickle Cell Trait

Table 1. Association of Sickle Cell Trait With Kidney and Hematologic Laboratory Measurements
Through Laboratory-Wide Association Study Analysis in African Ancestry Individuals

Model 12 Model 2°
Laboratory measurement Sample size B P value B P value
Hematologic trait measures
Mean corpuscular volume 112329 -2.97  1.00 x 1073 -2.99  1.00 x 10739
Mean corpuscular hemoglobin 112411 0.31 1.12 x 10726° 0.32 8.28 x 107264
concentration
Mean corpuscular hemoglobin 112343 -0.73 2.84x107'® -0.73  4.94x 10718
Hematocrit 112313 -0.93 7.37 x 107122 -0.84 2.65 x 107101
Red blood cell distribution width 110682 0.12 3.96 x 1072°¢ 0.11 7.5 x1072°
Red blood cell 112818 0.04 3.41 x 1072° 0.06 9.16 x 1073
Platelet 112297 -7.91  5.02x107% -7.75 1.12x 10738 ? Model 1: Models adjusted by sex,
age, age squared, and first 20
Hemoglobin 112417 -0.18 1.45x107*° -0.15 1.51x107% principal components.
Kidney function measures Model 2: Models adjust by sex, age,
Creatinine 111609 0.03 1.53 x 10748 0.02 1.12 x 10724 age squared, first 20 principal
Estimated glomerular filtration rate 109365 -3.02 1.00x 10738 -171  3.24x107Y7 Z‘:gf;”ems' and chronic kidney
Table 2. Association of Sickle Cell Trait (rs334) and COVID-19 Outcomes in 31287 African Ancestry Individuals
COVID-19 outcome Wild type, No. Sickle cell trait, No. 0Odds ratio (95% Cl) P value
Susceptibility
Negative 25326 2212
= 1.07 (0.95-1.21) .30
Positive 3426 323
Hospitalization
Not hospitalized 2160 193
— 1.17 (0.91-1.50) .20
Hospitalized 1266 130
Severe + death
Not severe 3053 278
1.33(0.95-1.88) .10
Severe 373 45
Related death
Survivors 3271 298
1.77 (1.13-2.77) .01
Deaths 155 25
Table 3. Development of Acute Kidney Failure and Declining Kidney Function Within 60 Days of COVID-19°
SCT
coviD-19 COVID-19*/-
Negative Positive with SCT, P
value for
Model  Adjustment (preindex) Outcome No. OR (95% Cl) Pvalue No. OR (95% Cl) Pvalue interaction
| +AKI =1, 2, 3 or prior  AKF 24691  0.92(0.78-1.10) 37 3448 1.41 (1.04-1.90) .03 .02
ESRD (kidney
function)
I1A No AKF 24691  0.95(0.81-1.13) .58 3448 1.40 (1.06-1.86) .02 .02
11B +AKF, +CKF, +prior AKF 24691 0.92(0.77-1.09) 31 3448 1.46 (1.09-1.95) .01 .007
ESRD
11C +AKF, +CKF, +prior AKF 24691 0.89(0.75-1.05) .16 3448 1.33(0.99-1.79) .06 .02
ESRD +CKD,
+nephrosis
1l No Worsening kidney 13403 1.13(0.90-1.42) 31 2027 1.77 (1.17-2.68) .007 .06

function (from

AKl = 0toAKI = 1,2,

3)
Abbreviations: AKF, acute kidney failure; AKI, acute kidney injury; CKD, chronic 2 A stepwise regression analysis and the interaction of COVID-19 with SCT.
kidney disease; CKF, chronic kidney failure; ESRD, end-stage renal disease; OR,
odds ratio; SCT, sickle cell trait.

P =.007). The same association was not observed in COVID-  tion decline in COVID-19-positive vs COVID-19-negative
19-negative patients (OR, 1.13; 95% CI, 0.90-1.42; P = .31). How-  patients was not statistically significant (P for interac-
ever, this differential effect of SCT on postindex kidney func-  tion = .06; model III in Table 3).
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Counterfactual Mediation Analysis

Our results show that SCT was significantly associated with
death in COVID-19-positive patients, and individuals with SCT
had a higher risk of AKF due to COVID-19. Therefore, we used
mediation analysis to examine how much of the effect of SCT
on COVID-19-related death was mediated through AKF due to
COVID-19. On average, 22% (95% bootstrap CI, -3% to 83%)
of the total effect of SCT on COVID-19-related death was me-
diated through AKF within 60 days of COVID-19.

|
Discussion

Sickle cell disease is a multisystem disorder.3° Multisystem
anomalies were not known to be common in the heterozy-
gous HbS state, nor had they been comprehensively investi-
gated in SCT. We showed that individuals with SCT were pre-
disposed to multisystem alterations, particularly kidney
disease. Multiple correlated chronic kidney conditions de-
rived from the EHR were associated with SCT, corroborated by
adecrease in median laboratory values for estimated glomer-
ular filtration rate and elevation in the baseline creatinine level.
Veterans of African ancestry (n = 123 120) with preexisting kid-
ney codes or displaying signs of the multisystem disorder
showed significant association with COVID-19 death.

In addition, SCT was significantly associated with a diag-
nosis of AKF within 60 days of COVID-19. The increased risk of
AKF persisted despite adjustment for preexisting kidney con-
ditions or declining kidney function based on laboratory val-
ues. These observations indicated that pre-COVID-19 kidney im-
pairment only explained a small fraction of increased risk for
post-COVID-19 AKF, suggesting that the mechanisms for AKF
might be different for individuals with SCT and COVID-19. The
association of SCT with kidney dysfunction both before and af-
ter COVID-19 indicates an active role of sickle hemoglobin in the
pathogenesis of kidney function abnormalities. Mediation analy-
sis found that an AKF diagnosis within 60 days of COVID-19 ac-
counted for more than 20% of COVID-19 deaths in individuals
of African ancestry with SCT. In summary, there was an in-
creased risk of death from COVID-19 among SCT carriers.

Chronic kidney disease at 3% to 13% prevalence was among
the most common comorbidities in the hospitalized patients
with COVID-19, which also included hypertension (48%-
57%), diabetes (17%-34%), cardiovascular disease (21%-
28%), chronic pulmonary disease (4%-10%), and malignant
neoplasm (6%-8%).3! Many of these conditions have been
shown tobe associated with severe COVID-19 outcomes in prior
studies. The polymerization of hemoglobin beta sickle pro-
teinin SCD contributes to vaso-occlusion.*? In individuals with
SCT, sickling due to low oxygenation tension in the kidneys
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may cause kidney dysfunction,33** which can be exacer-

bated by COVID-19, in addition to other potential
mechanisms.3> Of note, gout has a known association with
SCD,>® but its linkage to SCT identified through association
studies has not been previously reported.

Earlier studies on the association of SCT and COVID-19 out-
come have been limited by sample size.?’-3° A large EHR-
based case-control study of mostly women (80%) and younger
adults had not found worse outcomes for individuals with SCT
and COVID-19.%° Consistent with our findings, a recent re-
port found increased risk of hospitalization and death from
COVID-19 for individuals with SCD and SCT.* Studies show that
COVID-19 disproportionately affects certain populations, in-
cluding the medically underserved and racial and ethnic mi-
nority groups, and places them at higher risk.** Our findings
suggest that SCT can further contribute to worse outcomes in
individuals of African ancestry, and there is a need for new
treatment strategies to improve clinical outcomes of COVID-19
in individuals with SCT.

The presence of an HbC allele was not associated with
worse COVID-19 outcomes. The lack of associations of HbC with
multiple medical/kidney comorbidities may explain the dif-
ference in COVID-19 outcomes.

Limitations

The MVP participants were predominantly male but repre-
sented one of the largest African ancestry cohorts available.
No patient with SCD was present in the MVP, as this condi-
tion would generally preclude enlistment in the armed forces.
The PheWAS association study was designed as a broad screen
to test for potentially clinically relevant associations be-
tween genes and clinical conditions, with limited power to de-
tect associations among uncommon conditions, particularly
when stratified by genetic ancestry. Despite our best statisti-
cal efforts and adjustment, residual confounding and misclas-
sification may still exist. Our work can be strengthened by rep-
lication studies. The molecular subtypes of COVID-19,
vaccination, and treatment approaches evolved organically
during the study period.

. |
Conclusions

In this genetic association study, SCT was associated with in-
creased COVID-19 mortality and a number of preexisting
chronic medical conditions in African ancestry individuals. Our
findings support the inclusion of SCT as an adverse prognos-
tic factor for COVID-19 and development of SCT-tailored in-
terventions. Our work has broad implications for the detec-
tion and clinical management of SCT.
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