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IMPORTANCE Primary open-angle glaucoma (POAG) polygenic risk scores (PRSs) continue

to be evaluated in primarily European-ancestry populations despite higher prevalence and

worse outcomes in African-ancestry populations.

OBJECTIVE To evaluate how established POAG PRSs perform in African-ancestry samples

from the Genetics in Glaucoma Patients of African Descent (GIGA), Genetics of Glaucoma

in Individuals of African Descent (GGLAD), andMillion Veteran Program (MVP) datasets and

compare these with European-ancestry samples.

DESIGN, SETTING, AND PARTICIPANTS This was amulticenter, cross-sectional study of POAG

cases and controls from Tanzania, South Africa, Nigeria, Ghana, and the US. Included were

individuals of African descent from South Africa and Tanzania from the GIGA dataset;

individuals of African descent from Ghana, Nigeria, and the US from the GGLAD dataset; and

individuals of African or European descent from the US in theMVP dataset. Data were

analyzed from January 2022 to July 2023.

EXPOSURES Three PRSs derived from largemeta-analyses of European and Asian

populations, namely Gharahkhani et al (Gharahkhani PRS), Han et al (Han PRS), and Craig et al

(Craig PRS).

MAIN OUTCOMES ANDMEASURES Odds ratios (ORs) for POAG risk stratification comparing the

highest and lowest quintiles; area under the receiver operating characteristic curve (AUROC),

and liability coefficient of determination (R2) for the addition of PRS to a baseline of age, sex,

and first 5 principal components.

RESULTS A total of 11 673 cases and 66432 controls were included in this study across 7

ancestral groups. Mean (SD) age of the total participants was 76.9 (8.7) years, with 74 304

males (95.1%). The following were included in each dataset: GIGA (663 cases, 476 controls),

GGLAD (1471 cases, 1482 controls), andMVP (9559 cases, 64 474 controls). Increases in ORs

were found for the highest POAG risk quintile ranging from an OR of 1.68 (95% CI, 1.17-2.43)

in Ghanaians to 7.05 (95% CI, 2.73-19.6) in the South Africanmultiple ancestry group (which

derives from at least 5 distinct ancestral groups: Khoisan, Bantus, Europeans, Indians, and

Southeast Asians) with the Gharahkhani PRS. The Han PRS showed OR increases for the

highest POAG risk quintile ranging from 2.27 (95% CI, 1.49-3.47) in African American

individuals in the GGLAD dataset to 7.24 (95% CI, 6.47-8.12) in Europeans. The Craig PRS

predicted OR increases in the highest quintile for all groups ranging from 1.51 (95% CI,

1.05-2.18) in Ghanaians to 6.31 (95% CI, 5.67-7.04) in Europeans. However, AUROC and

R2 increases above baseline were lower for all African-ancestry compared with

European-ancestry groups in the 3 tested PRSs.

CONCLUSIONS AND RELEVANCE In this cross-sectional study, despite some improvements

in OR-based risk stratification using the Gharahkhani PRSs, Han PRSs, and Craig PRSs,

consistently lower improvements in AUROC and R2 for African-ancestry compared with

European-ancestry groups highlight the need for risk predictionmodels tailored to diverse

populations.
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D
isproportionately affecting those of African ancestry,

primary open-angle glaucoma (POAG) is a leading

cause of irreversible blindness worldwide and is pro-

jected to become more prevalent in the coming decades.1-3

POAGaffectedanestimated76millionpeopleglobally in2020

and is projected to affect nearly 120million by 2040,making

it a significant cause of irreversible blindness.4-7 People

of African descent face a higher risk, with up to 7 times the

likelihood of developing POAG and experiencing blindness

4 times more frequently than those of European descent.8,9

Risk stratification based on clinical and demographic data

has longbeenused to aidpatient care,whichenables the iden-

tification of patients with high-risk POAG for more frequent

follow-up or more aggressive clinical management.10-13 Add-

ing genetic data in the form of polygenic risk scores (PRSs)

further improves risk stratification.14

Despite thedisproportionate impacton individualsofAfri-

can ancestry, genetic studies on POAGhave focused on Euro-

pean and Asian populations, leaving a gap in understanding

the genetic factors inAfrican ancestral groups.15-18Recent ge-

nomic research advancements allow genetic data to enhance

disease risk prediction. PRSs integrate variants fromgenome-

wide association studies (GWAS) to predict disease risk.How-

ever, the construction of these PRSs currently relies heavily

ondata derived fromEuropeanpopulations, raising concerns

about their applicability and transferability to other popula-

tions with higher incidences of the target diseases.16,19-22

PRS approaches have performed well in POAG, predict-

ing advanced glaucoma risk and influencing treatment

decisions.23-25 Importantly, thesePRSswere constructed from

and applied to population samples that were primarily Euro-

pean andAsian and are thus potentiallymore reflective of the

genetic architecture of those groups. In this study, we evalu-

ated the performance of these tools for their ability to stratify

POAGrisk in individualsofAfricanancestry fromSouthAfrica,

Tanzania, Ghana, Nigeria, and the US.

Methods

The Genetics in Glaucoma Patients of African Descent (GIGA)

study, the Genetics of Glaucoma in People of African Descent

(GGLAD) study, and the Million Veteran Program (MVP) ad-

hered to the tenetsof theDeclarationofHelsinki, receivedethi-

cal approval fromthe local institutional reviewboards, andob-

tained informedconsent fromall participantswithno stipend

orother incentive toparticipate.Onlycomplete caseswithage,

sex, genotype, andphenotypedatawere included. This study

followed the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) reporting guidelines.26

Study Population

GIGA is amulticenter POAG case-control study of individuals

from the Groote Schuur Hospital (Cape Town, South Africa),

Muhimbili National Hospital, and CCBRT Disability Hospital

(Dar es Salaam, Tanzania).27TheGIGA study included Tanza-

nians, Black South African people, and a group of individuals

of multiple ancestries, which derives from at least 5 distinct

ancestral groups: Khoisan, Bantus, Europeans, Indians, and

SoutheastAsians and forwhomweuse the termSouthAfrican

multiple ancestry.28 Participants from the GGLAD discovery

dataset included individuals ofAfricandescent recruited from

Ghana (Lions International Eye Centre and Korle-Bu Teach-

ing Hospital), Nigeria (University of Ibadan, University of

Nigeria, and Nigerian Navy Reference Hospital), and North

Carolina in the US (Duke University, Durham, North

Carolina).29-31 The MVP is a national research program spon-

sored by the Department of Veterans Affairs (VA) Office of

Research andDevelopment that includes health, genetic, and

lifestyle information from 1million USmilitary Veteranswho

consented to participate in an observational cohort study

andmegabiobank. Thegenetic ancestry of over 450000MVP

individuals with available genome-wide data was deter-

mined using the harmonized ancestry and race/ethnicity

algorithm.32,33

Genotyped data from the GIGA and GGLAD study groups

were imputed to 1000Genomes (1000G) phase 3, version 5.34

MVPsampleswere imputedon either the 1000Gphase 3, ver-

sion 5, reference panel or the African Genome Resource (not

publicly available), which comprises all 1000G samples with

an additional 2000 samples from Uganda and 100 samples

fromeachof5populations inEthiopia,Egypt,Namibia (Nama/

Khoesan), and South Africa (Zulu).32,35

POAGDefinition

GIGA POAG casesmet International Society for Geographical

and Epidemiological Ophthalmology classification catego-

ries 1 or 2, defined by adefinite visual field defect andvertical

cup disc ratio (VCDR) of greater than or equal to 0.7 or greater

than0.8withoutvisual field testing.36Caseshadanopenangle

on gonioscopy and onset age older than 35 years. Controls

underwent similar assessments and were characterized by

noglaucomasignsor familyhistory, intraocularpressure (IOP)

less than or equal to 21 mm Hg, VCDR less than 0.5, VCDR

intereye asymmetry less than 0.2, and age older than 55

years.27,30,31,37TheGGLADPOAGdefinition included thepres-

ence of glaucomatous optic neuropathy characterized by loss

Key Points

Question How do published polygenic risk scores (PRSs) for

primary open-angle glaucoma (POAG) perform in African-ancestry

compared with European-ancestry groups?

Findings In this cross-sectional study comparing 3 PRSs and

including 11 673 cases and 66432 controls across 7 ancestral

groups, modest odds ratio increases were detected for the highest

POAG risk quintile in Tanzanians, South Africans, Ghanaians,

African Americans, and Europeans. However, overall predictive

performance remains limited for African-ancestry compared with

European-ancestry groups in terms of area under the curve and

coefficient of determination.

Meaning Results suggest that despite some improvements

in POAG risk stratification among African-ancestry groups, this

study underscores the need for further research to developmore

accurate risk predictionmodels tailored to diverse populations for

equitable health care outcomes.
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of neuroretinal rim,VCDRgreater than0.7, intereye asymme-

try greater than 0.2, and glaucoma-associated notching.

Control samples were recruited from hospitals or the general

population, with hospital-based controls being older than 40

years, free from (familyhistory of) glaucomaormajor eyedis-

eases, IOP less than 21 mm Hg, open angles, healthy optic

nerves, andnormal visual fields.MVPcases and controlswere

defined by a computable phenotyping algorithm based on

International Classification of Diseases–Clinical Modification

codes, Current Procedural Terminology codes, and prescrip-

tions in the VA computerized patient record system.38,39

Statistical Analysis

We tested 3 PRSs using weighted additive models where the

imputeddosage of each risk allele (j)wasmultiplied by its cal-

culated β (log odds ratio [OR]) and summed using PLINK2 to

produce a score for each individual (i)40:

scorei = Σk
j = 1 βjMij

1. Gharahkhani PRS (k = 111): Based on 127 POAG-associated

variants identified in the largest to date cross-ancestry

single-trait POAGGWASmeta-analysis.41To reduce poten-

tial bias due to inclusion of overlapping African ancestral

data from theGIGAandGGLADstudies,we applied a fixed-

effects inverse variance–weightedmeta-analysis to 239 168

controls and 23612 POAG cases of European or Asian de-

scent. Without the African datasets, 115 single-nucleotide

variants (SNVs) maintained genome-wide significance.

The X chromosome was excluded because it was unavail-

able in some cohorts, leaving 111 autosomal SNVs.

2. Given potential differences in linkage disequilibrium (LD)

patterns, we developed a modified LD proxy PRS (k = 111)

to incorporate SNV proxies while accounting for between-

population LD variation. We analyzed SNV transferability

via the local approach and evaluated a 500-kb window

aroundeachvariant for SNVswithLD r2greater than0.2 (as

defined by the 1000GenomesAfrican subset).27Weexam-

ined these for evidenceofhigher association in theAfrican-

only GWAS.41 Of these, 63 were nominally associated

(P < .05), and the lead SNV was replaced with the local

replacement SNV.

3. Han PRS (k = 223): Based on multitrait GWAS meta-

analysis of POAG, VCDR, and IOP that identified 263 novel

POAG loci, of which we included 223 SNVs from the Euro-

pean discovery set that replicated in an independent

23andMe cohort inwhich the P value remained <.001 after

Bonferroni correction to avoid inflation due to overlap

between Asian and African samples.23

4. Craig PRS (k = 2673): Based on a POAG PRS derived from

67040 UK Biobank samples by combining multiple endo-

phenotypes (eg, VCDR and IOP) in multivariate analysis

and validating the 2673 SNVswithP ≤ .001 in independent

European datasets.25

To investigate score value distributions across study

groups,weplottedPRSdensities standardizedwith ameanof

0 and an SD of 1 (eFigure 1 in Supplement 1). To account for

potential nonlinear association and facilitate comparisonsbe-

tween different sample sizes, we constructed PRS quintiles.

To adjust for confounding factors, we included age, sex, and

the first 5 principal components (PCs) as covariates. For each

quintile, we used a logistic regressionmodel to estimate ORs

of POAG risk and 95% CIs.

Aside from quintile stratification, we implemented logis-

tic regression models of baseline alone (ie, age, sex, and 5

PCs) and with the addition of continuous PRS values. We

examined the area under the receiver operating characteristic

curve (AUROC) and used the DeLong test to compare area

under the curve increases from the addition of PRS with the

baseline models. We additionally evaluated the added value

of continuous PRSs to baseline by determining increases in

R2 coefficients of determination. We computed R2 on the

liability scale to account for varying proportions of pheno-

typic variance explained by each PRS.42,43 Case/control ratios

in this study ranged from 0.09 in the European American

group to 0.70 in the South African Black group. We fixed dis-

ease prevalence at 2.4% for comparison, although prevalence

may vary across ancestral groups.44 Data were analyzed from

January 2022 to July 2023, using R statistical software, ver-

sion 4.2.1 (R Foundation for Statistical Computing).

Results

Study Demographics for POAG Cases and Controls

A total of 11 673 cases and 66432 controls were included in

this study across 7 ancestral groups: Tanzanian (366 cases,

329 controls), South African multiple ancestry (179 cases,

96 controls), South African Black (118 cases, 51 controls),

Nigerian (125 cases, 185 controls), Ghanaian (640 cases, 690

controls), African American (4627 cases, 6272 controls), and

European American (5618 cases, 58809 controls). The Afri-

can American group comprised 2 subgroups: the GGLAD

dataset (706 cases, 607 controls) and MVP dataset (3921

cases, 5665 controls). The following were included in each

dataset: GIGA (663 cases, 476 controls), GGLAD (1471 cases,

1482 controls), and MVP (9559 cases, 64474 controls). Mean

(SD) age of the total participants was 76.9 (8.7) years, with

3801 females (4.9%) and 74 304 males (95.1%). Study

sample characteristics are presented in the Table. Sex pro-

portions differed between cases and controls in the Tanza-

nian (female sex: 125 of 366 cases [34.2%], 172 of 329 con-

trols [52.3%]; P = 2.1 × 10−6), South African Black (female

sex: 62 of 118 cases [52.5%], 40 of 51 controls [78.4%];

P = 2.8 × 10−3), Nigerian (female sex: 48 of 125 cases

[38.4%], 104 of 185 controls [56.2%]; P = 3.1 × 10−3), African

American MVP (female sex: 216 of 3921 cases [5.5%], 171 of

5665 controls [3.0%]; P = 1.9 × 10−9), and European Ameri-

can (female sex: 211 of 5618 cases [8.7%], 1314 of 58 809

controls [2.2%]; P = 5.91 × 10−13) groups based on χ2 testing.

The mean (SD) age differed between cases and controls in

the South African Black (62.9 [10.7] years; P = 2 × 10−4),

Tanzanian (64.8 [9.8] years; P = 3.4 × 10−6), Ghanaian (59.6

[11.1] years; P = 4.5 × 10−23), and African American GGLAD

(61.3 [12.7] years; P = 8.1 × 10−94) as well as African Ameri-

can MVP (74.2 [7.9] years; P = 2.2 × 10−16) groups based on

Welch t test.
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POAGRisk Stratification by PRS

Weevaluated theperformanceof the3PRS in8studygroupsby

comparingORscategorizedintoquintiles,asillustratedinFigure1

anddetailed ineTable1 inSupplement1.Thedistributionofcase

proportionsbyquintile isvisuallydepictedineFigure2inSupple-

ment1.Figure2showstheincreaseinAUROCcomparedwiththe

baselinemodel;detailedAUROCvaluesareprovided ineTable2

in Supplement 1. Additionally, we examined R2 values on the

liability scale to further characterize the predictive accuracy of

theevaluatedscores(eTable3inSupplement1).Here,wepresent

the results of thesemeasures separately for each score.

Gharahkhani PRS

Using theGharahkhaniPRSconsistingof 111 SNVs,weobserved

an increase in theORforPOAGriskwithin thehighestPRSquin-

tile, comparedwith the lowest quintile across all groups except

Nigerian (Figure 1).Relative to theEuropeanAmericangroup in

thisstudy(OR,5.02;95%CI, 4.54-5.57), theORswithinthehigh-

est quintilewere increased but hadwider CIs in the SouthAfri-

cangroups.Specifically, increasesinORswerefoundforthehigh-

est POAG risk quintile ranging fromanOR of 1.68 (95%CI, 1.17-

2.43) inGhanaiansto7.05(95%CI,2.73-19.6) intheSouthAfrican

multipleancestrygroupwith theGharahkhaniPRS.TheORwas

5.89(95%CI, 1.72-24.30)forthehighestquintileoftheSouthAfri-

canBlackgroupcomparedwiththelowestquintileand7.05(95%

CI, 2.73-19.60) in the South African multiple ancestry group

(Figure 1 andeTable 1 inSupplement 1).Theperformanceof the

GRS comparedwith a baselinemodel of age, sex, and the first 5

PCswasassessedbytheAUROC.WeobservedagainintheAUROC

for the Tanzanian, South African multiple ancestry, African

American (GGLAD and MVP), and European American groups

(Figure 2 and eTable 2 in Supplement 1). However, the increase

inAUROCwas relativelymodest in theTanzanian (0.03AUROC

improvementfrom0.66baseline,P = .03)andAfricanAmerican

(GGLAD:0.02AUROCimprovementfrom0.81baseline,P < .001;

MVP: 0.01 AUROC improvement from 0.69 baseline, P < .001)

groups compared with the European American (0.06 AUROC

improvement from 0.52 baseline, P < .001) group (eTable 2 in

Supplement 1). We also evaluated the estimated proportion of

POAGvarianceexplainedbythescore.Whencomparing thege-

netic predictionperformance of theGharahkhani PRS from the

AfricanancestralgroupswiththeEuropeanAmericangroup,we

observedlowerphenotypicvarianceexplainedacrossall theAfri-

cangroups.AddingPRSto thebaselinemodel, an improvement

of the liability-R2 valuewas only detected in the South African

multiple ancestry group (0.03R2 increment over0.01 baseline)

and European American group (0.06 R2 increment over 0.002

baseline) (eTable 3 in Supplement 1).We attempted to consider

differencesinLDusingtheLDproxyscore,however,thisapproach

yieldedunremarkable results acrossall groupswhencompared

with the original Gharahkhani PRS (eTable 4 in Supplement 1).

Han PRS

TheHan PRS, consisting of 223 SNVs, showed increases in ORs

forthehighestgeneticriskquintilecomparedwiththelowestrisk

quintile in the Tanzanian, Ghanaian, GGLAD andMVP African

American,andEuropeanAmericangroups(Figure1andeTable1

inSupplement1). In theEuropeanAmericangroup, theHanPRS

demonstrated themost substantial ORestimate for thehighest

quintilecomparedwiththe lowestamongall testedscores (7.24;

95%CI,6.47-8.12,P < .001)(eTable1inSupplement1). Incontrast,

whencomparingthehighestwiththelowestquintiles, theORes-

timateswere lower in theHanPRSthan in theGharahkhaniPRS

in theTanzanian,SouthAfrican,Ghanaian, andGGLADAfrican

Americangroups.Consequently, theHanPRSonlyexhibitedsu-

periorhigh-risk identification in theMVPAfricanAmericanand

Table. Demographic Summarya

Variable

GIGA GGLAD MVP

Tanzanian
South African
multiple ancestryb

South African
Black Nigerian Ghanaian

African
American

African
American

European
American

No. (%)

Total 695 275 169 310 1330 1313 9586 64 427

Cases 366 (52.7) 179 (65.1) 118 (69.8) 125 (40.3) 640 (48.1) 706 (53.8) 3921 (40.9) 5618 (8.7)

Controls 329 (47.3) 96 (34.9) 51 (30.2) 185 (59.7) 690 (51.9) 607 (46.2) 5665 (59.1) 58 809 (91.3)

Female sex, No. (%)

Cases 125 (34.2) 93 (52.0) 62 (52.5) 48 (38.4) 279 (43.6) 336 (47.6) 216 (5.5) 211 (3.8)

Controls 172 (52.3) 54 (56.3) 40 (78.4) 104 (56.2) 297 (43.0) 279 (46.0) 171 (3.0) 1314 (2.2)

Male sex, No. (%)

Cases 241 (65.8) 86 (48.0) 56 (47.5) 77 (61.6) 361 (56.4) 370 (52.4) 3705 (94.5) 5407 (96.2)

Controls 157 (47.7) 42 (43.8) 11 (21.6) 81 (43.8) 393 (56.9) 328 (54.0) 5494 (97.0) 57 495 (97.8)

P value (χ2 test) 2.1 × 10−6 .58 2.8 × 10−3 3.1 × 10−3 .88 .54 1.9 × 10−9 5.91 × 10−13

Age, mean (SD), y

Total 64.8 (9.8) 69.7 (10.0) 62.9 (10.7) 63.5 (11.5) 59.6 (11.1) 61.3 (12.7) 74.2 (7.9) 78.2 (7.6)

Cases 63.2 (11.0) 70.5 (11.0) 61.3 (11.5) 63.7 (11.5) 62.7 (12.4) 67.4 (12.3) 71.2 (9.5) 78.2 (7.6)

Controls 66.6 (8.1) 68.3 (7.7) 66.8 (7.2) 63.4 (11.5) 56.7 (9.0) 54.2 (9.0) 76.2 (6.7) 78.2 (7.4)

P value (Welch t test) 3.4 × 10−6 .06 2 × 10−4 .82 4.5 × 10−23 8.1 × 10−94 2.2 × 10−16 .47

Abbreviations: GGLAD, Genetics of Glaucoma in Individuals of African Descent; GIGA, Genetics in Glaucoma Patients of African Descent; MVP, Million Veteran

Program.

a The table presents information for the included population groups across different demographic variables.

bThe South Africanmultiple ancestry group derives from at least 5 distinct ancestral groups: Khoisan, Bantus, Europeans, Indians, and Southeast Asians.
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EuropeanAmericangroups.Thepredictionperformanceof the

HanPRSdemonstratedanimprovementintheAUROCcompared

withthebaselinemodel intheTanzanian(0.03AUROCimprove-

mentfrom0.66baseline,P = .02),AfricanAmerican(GGLAD:0.01

AUROC improvement from0.82 baseline, P = .005;MVP: 0.02

AUROCimprovementfrom0.71baseline,P < .001),andEuropean

American(0.16AUROCimprovementfrom0.52baseline,P < .001)

groups (theHbluebars) (Figure2andeTable2 inSupplement1).

Regarding R2 by the Han PRS, increases for African ancestry

groupsweremodest relative to the European American group.

Weonly observed an improvement exceeding the contribution

of the baseline alone in the EuropeanAmerican group (0.08R2

incrementover0.002baseline) (eTable3 inSupplement 1).The

HanPRSoutperformedallotherscores regardingAUROCandR2

Figure 1. Odds Ratios by Quintile
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The odds ratios (log scale) of risk for

primary open-angle glaucoma from

logistic regression by quintile for each

of 8 study groups are displayed using

3 polygenic risk score (PRS) types:

Gharahkhani PRS (A), Han PRS (B),

and Craig PRS (C). Odds ratios (on a

log scale) and 95% CIs are presented,

allowing for comparison of risk across

quintiles within each risk score type.

GGLAD indicates Genetics of

Glaucoma in People of African

Descent; MVP, Million Veteran

Program.
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increases within the MVP African American and European

American groups.

Craig PRS

Ofthe3scores,only theCraigPRSproducedORincreases for the

highestquintileinalltestedgroupsrangingfrom1.51(95%CI,1.05-

2.18) in Ghanaians to 6.31 (95% CI, 5.67-7.04) in Europeans

(Figure 1 andeTable 1 inSupplement 1). PredictionofPOAGrisk

usingtheCraigPRSscoreincreasedtheAUROCinthesamegroups

astheGharahkhaniPRS(theGbluebars):Tanzanian(0.04AUROC

improvement from0.66baseline,P = .007),SouthAfricanmul-

tipleancestry(0.08AUROCimprovementfrom0.59baseline,P =

.03),AfricanAmerican(GGLAD:0.01AUROCimprovementfrom

0.81 baseline, P = .002; MVP: 0.01 AUROC improvement from

0.69 baseline, P < .001), and European American (0.16 AUROC

improvementfrom0.52baseline,P < .001)(Figure2andeTable2

in Supplement 1). Increases in R2 were smaller for all African

groups than for European Americans. The Craig PRS showed a

slight improvement inR2 for the SouthAfricanmultiple ances-

trygroupcomparedwiththebaseline(0.03R2 incrementover0.01

baseline) (eTable3 inSupplement 1).Conversely, the increase in

R2within theEuropeanAmericangroupwasmoreconsiderable

(0.07 R2 increment over 0.002 baseline) (eTable 3 in Supple-

ment 1),mirroring theperformanceobservedwith theHanPRS.

Discussion

This study evaluates 3 PRSs for POAG, derived from a meta-

analysis ofEuropeanandAsianpopulationGWASdata, fordis-

tinguishing between cases and controls in a European ances-

try group and7African ancestry groups. All 3 PRSs performed

best for classifying POAG cases in the European American

group,emphasizing the importanceofconstructinggenetic risk

scores using reference data from the same ancestral popula-

tion as the study group. The improvement in AUROC re-

mained modest for most African ancestral groups whereas

performance was best in those groups with the highest pro-

portionofEuropeanancestry, theAfricanAmericanandSouth

African multiple ancestry groups (Figure 2). Performance of

riskscores is limitedtostratifying individuals intocaseandcon-

trol groups when comparing the lowest to the highest quin-

tiles of genetic risk as defined by each risk score. This distinc-

tion does little to help guide clinical management.45,46

Strengths and Limitations

Our study has several strengths. We leverage ancestrally di-

versedata from2of the largest currentlyavailabledatasets con-

tainingthegenetic informationofnativeAfricanpopulations for

glaucoma.However, evenwithinAfricangroupswith lowPval-

ues and relatively small CIs suggesting adequate power to de-

tect differences, the OR gain was substantially higher in Euro-

peangroups.ThissuggeststhatthemarkedincreaseinORsacross

quintiles of PRS in Europeansmay not be solely attributable to

higher statisticalpowerbutmayalsobe influencedbyancestry-

related factors.Others have reported this disparity inother dis-

eases, and ithasbeensuggested that thisperformancecouldbe

improvedusingmodelswithmoregeneticvariants.15,21,47,48Our

datadonotsupportthis—theGharahkhaniPRSperformedaswell

as or better than the 2 largermodels. Themost important con-

tributing factor topooroverall performance is the lackofpopu-

lation-specific genetic risk data for glaucoma. It is well recog-

nizedthat individualsofAfricanancestryareunderrepresented

in GWAS studies, resulting in a small number of associated ge-

netic variants with potentially imprecise estimates of effect

sizes.49,50 At the same time, African continental and diaspora

populationsworldwidehaveveryhigh levelsofPOAG.51Exten-

sive GWAS studies that include diverse African ancestry popu-

lations hold great promise for advancing our understanding of

POAG risk in African individuals to enhance clinical manage-

mentofthisunderstudiedandunderservedpatientpopulation.52

Wealso recognize several limitations in this study. Despite

using2ofthemostextensiveavailabledatasets,ourAfricandata-

setshadlowstatisticalpower,especiallytheSouthAfricangroup.

Figure 2. Improvement in Area Under the Receiver Operating Characteristic (AUROC) Curve Adding a Polygenic Risk Score (PRS)

to the BaselineModel by Population and PRS
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The improvement of the AUROC of a model with the genetic risk score/PRS

compared with a baseline model of sex, age, and 5 principal components is

shown. The data are organized by population groups, including Tanzanian,

South Africanmultiple ancestry (which derives from at least 5 distinct ancestral

groups: Khoisan, Bantus, Europeans, Indians, and Southeast Asians), South

African Black, Nigerian, Ghanaian, African American (Genetics of Glaucoma in

People of African Descent [GGLAD]), African American (Million Veteran

Program [MVP]), and European. The heights of the bars reflect the AUROC

increase values, and each bar is color-coded according to baseline vs values

after addition of the Gharahkhani PRS (designated G), Han PRS (designated H),

and Craig PRS (designated C) as indicated on the x-axis.
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This potentially limits the generalizability of our findings and

emphasizes the need to support the implementation of more

diversegeneticstudiesthat includeAfricanpopulations.Further-

more,theGIGAandGGLADstudiesdrawcasesandcontrolsfrom

hospital settings, whereas the MVP draws cases and controls

fromadefinedcohortofVAmedicalcenterusers.Thisdifference

insamplingmethodologymayimpactthegeneticriskprofilesand

thedemographiccomposition,potentiallyaccountingforthedis-

paritiesobservedinthebaselineAUROCstatistics.Moreover, the

POAGdefinitionintheMVPpopulationsdifferedfromthat inthe

GIGA andGGLAD studies.

Conclusions

In this cross-sectional study, results suggest thataddinggenetic

variantstotheriskmodelmoderatelyimprovedPRSperformance

forAfricans,whereasmoresubstantial improvementswereseen

in risk identification for Europeans. This emphasizes that sim-

plyincludingmorevariantsinthePRSdoesnotaddressthemodel

performance disparity across ancestral populations and may

reinforce it.Geneticallydiversediscoverydatasetsarenecessary

for building population-specific PRSs.
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eFigure 1. Density distributions. This figure displays the density distributions for the 3 polygenic risk scores 

(PRSs) in each of the 8 study groups. Controls are depicted in grey, and cases in blue. 

Group Gharahkhani-PRS Han-PRS Craig-PRS 

Tanzanian 

   
South 
African 
Coloured 

   
South 
African Black 

   
Nigerian 

   
Ghanaian 

   
African 
American 
(Eyes of 
Africa) 

   
African 
American 
(Million 
Veteran 
Program) 

   
European 
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eTable 1. Highest quintile odds ratios (ORs). This table displays the ORs and 95% confidence intervals (in parentheses) of the highest quintile compared to the lowest 

quintile of primary open-angle glaucoma risk for each of the 3 polygenic risk scores (PRSs) in the 8 study groups. Models were adjusted for age, sex, and the 1st 5 principal components. P-values 
lower than .05 are provided. Additional abbreviations: GGLAD = Genetics of Glaucoma in People of African Descent. MVP = Million Veteran Program.  

 

 Tanzanian 

South 

African 

Coloured 

South 

African 

Black Nigerian Ghanaian 

African 

American 

(GGLAD) 

African 

American 

(MVP) European 

Gharahkhani-PRS 3.37 

(1.98-5.79) 

P < .001 

7.05 

(2.73-19.6) 

P < .001 

5.89 

(1.72-24.3) 

P = .008 

1.96 

(.939-4.14) 

 

1.68 

(1.17-2.43) 

P = .005 

4.00 

(2.60-6.22) 

P < .001 

2.47 

(2.14-2.86) 

P < .001 

5.02 

(4.54-5.57) 

P < .001 

Han-PRS 2.72 

(1.63-4.58) 

P < .001 

2.11 

(.90-5.08) 

1.93 

(.64-6.06) 

2.09 

(.989-4.51) 

1.63 

(1.13-2.35) 

P = .009 

2.27 

(1.49-3.47) 

P < .001 

2.91 

(2.52-3.37) 

P < .001 

7.24 

(6.47-8.12) 

P < .001 

Craig-PRS 3.24 

(1.94-5.47) 

P < .001 

3.68 

(1.62-8.61) 

P = .002 

4.51 

(1.31-18.6) 

P = .023 

2.21 

(1.03-4.83) 

P = .044 

1.51 

(1.05-2.18) 

P = .028 

2.95 

(1.94-4.53) 

P < .001 

2.07 

(1.81-2.39) 

P < .001 

6.31 

(5.67-7.04), 

P < .001 
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eFigure 2. Case Proportions by Quintile. This figure presents case proportions for different populations 

and quintiles within each of three polygenic risk score (PRS) types: A. Gharahkhani-PRS, B. Han-PRS, and C. Craig-PRS. 

Each bar plot showcases case proportions in various populations, with quintiles distinguished by different fill colors. The y-axis 

represents the case proportion, and the x-axis displays the population. Additional abbreviations: GGLAD = Genetics of 

Glaucoma in People of African Descent. MVP = Million Veteran Program.
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eTable 2. Area under the receiver operating characteristic curve (AUC). This table 

displays AUCs and 95% confidence intervals (in parentheses) for each of the 3 polygenic risk scores (PRSs) in the 8 study 
groups. P-values below .05 are given to indicate the difference in AUC compared to a baseline model (age, sex, and first 5 
principal components) identified using DeLong’s ROC test. Additional abbreviations: GGLAD = Genetics of Glaucoma in People 
of African Descent. MVP = Million Veteran Project. 

 

 
Age + sex + 

PCs (baseline) 

Baseline + 

Gharahkhani-PRS 

Baseline + 

Han-PRS  

Baseline + 

Craig-PRS  

Tanzanian .659 

(.619-.700) 

.685 

(.646-.724) 

P = .033 

.687 

(.648-.726) 

P = .019 

.694 

(.655-.733) 

P = .007 

South African 

Coloured 

.588 

(.520-.656) 

.689 

(.625-.752) 

P = .008 

.611 

(.542-.679) 

.669 

(.602-.735) 

P = .027 

South African 

Black 

.707 

(.630-.785) 

.752 

(.679-.826) 

.720 

(.643-.797) 

.741 

(.665-.818) 

Nigerian .619 

(.556-.682) 

.639 

(.576-.701) 

.624 

(.561-.687) 

.627 

(.564-.690) 

Ghanaian .705 

(.677-.734) 

.712 

(.684-.740) 

.710 

(.682-.738) 

.710 

(.682-.738) 

African 

American 

(GGLAD) 

.813 

(.790-.836) 

.83 

(.808-.852) 

P < .001 

.822 

(.800-.845) 

P = .005 

.825 

(.802-.847) 

P = .002 

African 

American (MVP) 

.688 

(.677-.699) 

.704 

(.693-.715) 

P < .001 

.706 

(.695-.717) 

P < .001 

.698 

(.687-.709) 

P < .001 

European .522 

(.514-.530) 

.661 

(.654-.669) 

P < .001 

.686 

(.679-.693) 

P < .001 

.680 

(.673-.688) 

P < .001 
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eTable 3. R2 values: Performance evaluation of the 3 polygenic risk scores (PRSs) for the 8 study groups regarding R-squared (R2) values on the observed and liability scales. For 

liability scale calculations, we used 2.4% as a fixed prevalence value for POAG (Zhang et al. 2021) and case proportions (cp) per group. Additional abbreviations: GGLAD = Genetics of Glaucoma in 
People of African Descent. MVP = Million Veteran Project. SNP = Single-nucleotide polymorphism. 

 

 

LIABILITY R2 

Tanzanian 

cp = .5266 

South 

African 

Coloured 

cp = .6509 

South 

African 

Black 

cp = .6982 

Nigerian 

cp = .4032 

Ghanaian 

cp = .4812 

African 

American 

(GGLAD) 

cp = .5377 

African 

American 

(MVP) 

cp = .4090 

European 

cp = .0872 

Age + sex .026 .005 .050 .012 .028 .115 .069 .002 

Age + sex + 5 PCs .029 .011 .069 .018 .047 .121 .078 .002 

R2 for each PRS below is based on its addition to age + sex + 5 PCs. 

Gharahkhani-PRS .012 .032 .026 .007 .004 .015 .016 .057 

Han-PRS .012 .008 .005 .002 .002 .008 .019 .077 

Craig-PRS .013 .026 .017 .004 .002 .012 .010 .071 
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eTable 4. Linkage disequilibrium (LD) proxy polygenic risk score (PRS) results. This table displays odds ratios (ORs) and case proportions (CPs) by 

quintile, including OR of risk in the highest quintile, as well as areas under the curve (AUCs) and R2, increases over baseline (age + sex + 1st 5 principal components) for the LD proxy PRS. 95% 
confidence intervals (in parentheses) and P-values are provided when below a value .05. 

Group ORs and CPs by quintile Highest quintile OR AUC Liability R2 increase 

Tanzanian 

 

2.19 
(1.32-3.66) 

P = .003 

.672 
(.633-.712) 

.00363 

South African Coloured 

 

1.61 
(.723-3.64) 

.592 
(.522-.662) 

.001029 

South African Black 

 

1.72 
(.557-5.46) 

.719 
(.642-.795) 

.002971 

Nigerian 

 

2.04 
(.967-4.36) 

.625 
(.562-.688) 

.000501 
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Group ORs and CPs by quintile Highest quintile OR AUC Liability R2 increase 

Ghanaian 

 

1.16 
(.809-1.67) 

.706 
(.677-.734) 

.000303 

African American 
(Genetics of Glaucoma in 

individuals of African 
Descent) 

 

1.98 
(1.31-3.02) 

P = .001 

.817 
(.794-.840) 

.002034 

African American 
(Million Veteran Project) 

 

1.18 
(1.03-1.36) 

P = .017 

.689 
(.677-.700) 

.000777 

European 

 

1.8 
(1.65-1.97) 

P < .001 

.566 
(.558-.574) 

P < .001 

.008574 
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W Farwell CSP #572 Executive
Committee

A Malhorta CSP #572 Executive
Committee

S Mane CSP #572 Executive
Committee

P Palacios CSP #572 Executive
Committee

Tim Bigdeli PhD VA New York Harbor Healthcare 
System, Department of Psychiatry 
and Behavioral Sciences SUNY 
Downstate Health Sciences 
University

Brooklyn, NY CSP #572 Executive 
Committee

M Corsey VA Healthcare System Bronx Bronx, NY CSP #572 Study Chairs'
Office

L Zaluda VA Healthcare System Bronx Bronx, NY CSP #572 Study Chairs'
Office

Juanita Johnson BSN Bruce W. Carter Miami Veterans 
Affairs (VA) Medical Center

Miami, FL CSP #572 Study Chairs' 
Office; CSP #572 Study
Site, Miami

Melyssa Sueiro MS Bruce W. Carter Miami Veterans 
Affairs (VA) Medical Center

Miami, FL CSP #572 Study Chairs' Office
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D Cavaliere Clinical Epidemiology Research 
Center (CERC), VA Connecticut 
Healthcare System

New Haven, CT VA Clinical Epidemiology 
Research Center (CERC)

V Jeanpaul Clinical Epidemiology Research 
Center (CERC), VA Connecticut 
Healthcare System

New Haven, CT VA Clinical Epidemiology 
Research Center (CERC)

Alysia Maffucci JD Clinical Epidemiology Research 
Center (CERC), VA Connecticut 
Healthcare System

New Haven, CT VA Clinical Epidemiology 
Research Center (CERC)

L Mancini Clinical Epidemiology Research 
Center (CERC), VA Connecticut 
Healthcare System

New Haven, CT VA Clinical Epidemiology 
Research Center (CERC)

J Deen Massachusetts Veterans 
Epidemiology Research and 
Information Center 
(MAVERIC)

G Muldoon Massachusetts Veterans 
Epidemiology Research and 
Information Center 
(MAVERIC)

Stacey Whitbourne PhD Boston, MA Massachusetts Veterans 
Epidemiology Research and 
Information Center 
(MAVERIC); Million Veteran 
Program (MVP) 
Recruitment/Enrollment, 
Director/Deputy Director

J Canive Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

L Adamson Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

L Calais Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque
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G Fuldauer Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

R Kushner Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

G Toney Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

M Lackey Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

A Mank Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

N Mahdavi Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

G Villarreal Raymond G. Murphy VA Medical 
Center

Albuequerque, NM CSP #572 Study Site, 
Albuquerque

EC Muly Atlanta VA Medical Center Atlanta, GA CSP #572 Study Site,
Atlanta

F Amin Atlanta VA Medical Center Atlanta, GA CSP #572 Study Site,
Atlanta

M Dent Atlanta VA Medical Center Atlanta, GA CSP #572 Study Site,
Atlanta

J Wold Atlanta VA Medical Center Atlanta, GA CSP #572 Study Site,
Atla+A46:H59nta

B Fischer Baltimore VA Medical Center Baltimore, MD CSP #572 Study Site,
Baltimore

A Elliott Baltimore VA Medical Center Baltimore, MD CSP #572 Study Site,
Baltimore

C Felix Baltimore VA Medical Center Baltimore, MD CSP #572 Study Site,
Baltimore

G Gill Baltimore VA Medical Center Baltimore, MD CSP #572 Study Site,
Baltimore

PE Parker Birmingham VA Medical Center Birmingham, AL CSP #572 Site,
Birmingham
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C Logan Birmingham VA Medical Center Birmingham, AL CSP #572 Site,
Birmingham

J McAlpine Birmingham VA Medical Center Birmingham, AL CSP #572 Site,
Birmingham

LE DeLisi Brockton VA Medical Center Brockton, MA CSP #572 Site, Brockton
SG Reece Brockton VA Medical Center Brockton, MA CSP #572 Site, Brockton
MB Hammer Ralph H. Johnson VA Healthcare

System

Charleston, SC CSP #572 Site, Charleston

D Agbor‐Tabie Ralph H. Johnson VA Healthcare
System

Charleston, SC CSP #572 Site, Charleston

W Goodson Ralph H. Johnson VA Healthcare
System

Charleston, SC CSP #572 Site, Charleston

M Aslam VA Cincinnati Healthcare System Cincinnati, OH CSP #572 Site, Cincinnati

M Grainger VA Cincinnati Healthcare System Cincinnati, OH CSP #572 Site, Cincinnati

Neil Richtand VA Cincinnati Healthcare System Cincinnati, OH CSP #572 Site, Cincinnati

Alexander Rybalsky VA Cincinnati Healthcare System Cincinnati, OH CSP #572 Site, Cincinnati

R Al Jurdi Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston

E Boeckman Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston

T Natividad Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston

D Smith Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston

M Stewart Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston
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S Torres Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston

Z Zhao Michael E. DeBakey VA Medical

Center

Houston, TX CSP #572 Site, Houston

A Mayeda Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

A Green Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

J Hofstetter Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

S Ngombu Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

MK Scott Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

A Strasburger Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

J Sumner Richard L. Roudebush VA Medical 
Center

Indianapolois, IN CSP #572 Site,
Indianapolis

G Paschall John L. McClellan Memorial

Veterans' Hospital
Little Rock, AR CSP #572 Site, Little Rock

J Mucciarelli John L. McClellan Memorial

Veterans' Hospital
Little Rock, AR CSP #572 Site, Little Rock

R Owen John L. McClellan Memorial

Veterans' Hospital
Little Rock, AR CSP #572 Site, Little Rock

S Theus John L. McClellan Memorial

Veterans' Hospital
Little Rock, AR CSP #572 Site, Little Rock

D Tompkins John L. McClellan Memorial

Veterans' Hospital
Little Rock, AR CSP #572 Site, Little Rock

SG Potkin VA Long Beach Healthcare System Long Beach, CA CSP #572 Site, Long Beach

C Reist VA Long Beach Healthcare System Long Beach, CA CSP #572 Site, Long Beach
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M Novin VA Long Beach Healthcare System Long Beach, CA CSP #572 Site, Long Beach

S Khalaghizadeh VA Long Beach Healthcare System Long Beach, CA CSP #572 Site, Long Beach

Richard Douyon MD Bruce W. Carter Miami Veterans 
Affairs (VA) Medical Center

Miami, FL CSP #572 Site, Miami

Nita Kumar MD Bruce W. Carter Miami Veterans 
Affairs (VA) Medical Center

Miami, FL CSP #572 Site, Miami

Becky Martinez MSN Bruce W. Carter Miami Veterans 
Affairs (VA) Medical Center

Miami, FL CSP #572 Site, Miami

SR Sponheim Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

TL Bender Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

HL Lucas Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

AM Lyon Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

MP Marggraf Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

LH Sorensen Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

CR Surerus Minneapolis VA Healthcare System Minneapolis, MN CSP #572 Site,
Minneapolois

C Sison Montrose VA Medical Center Montrose, NY CSP #572 Site, Montrose

J Amato Montrose VA Medical Center Montrose, NY CSP #572 Site, Montrose

DR Johnson Montrose VA Medical Center Montrose, NY CSP #572 Site, Montrose

N Pagan‐Howard Montrose VA Medical Center Montrose, NY CSP #572 Site, Montrose
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LA Adler VA New York Harbor Healthcare 
System

New York, NY CSP #572 Site, New York 
Harbor

S Alerpin VA New York Harbor Healthcare 
System

New York, NY CSP #572 Site, New York 
Harbor

T Leon VA New York Harbor Healthcare 
System

New York, NY CSP #572 Site, New York 
Harbor

KM Mattocks Northampton VA Medical Center Leeds, MA CSP #572 Site,
Northampton

N Araeva Northampton VA Medical Center Leeds, MA CSP #572 Site,
Northampton

JC Sullivan Northampton VA Medical Center Leeds, MA CSP #572 Site,
Northampton

T Suppes VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

K Bratcher VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

L Drag VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

EG Fischer VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

L Fujitani VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

S Gill VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

D Grimm VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

J Hoblyn VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

T Nguyen VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

E Nikolaev VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto
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L Shere VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

R Relova VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

A Vicencio VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

M Yip VA Palo Alto Health Care System Palo Alto, CA CSP #572 Site, Palo Alto

I Hurford Corporal Michael J. Crescenz VA
Medical Center

Philadelphia, PA CSP #572 Site,
Philadelphia

S Acheampong Corporal Michael J. Crescenz VA
Medical Center

Philadelphia, PA CSP #572 Site,
Philadelphia

G Carfagno Corporal Michael J. Crescenz VA
Medical Center

Philadelphia, PA CSP #572 Site,
Philadelphia

GL Haas VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

C Appelt VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

E Brown VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

B Chakraborty VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

E Kelly VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

G Klima VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

S Steinhauer VA Pittsburgh Healthcare System Pittsburgh, PA CSP #572 Site, Pittsburgh

RA Hurley W.G. (Bill) Hefner VA Medical

Center

Salisbury, NC CSP #572 Site, Salisbury
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R Belle W.G. (Bill) Hefner VA Medical

Center

Salisbury, NC CSP #572 Site, Salisbury

D Eknoyan W.G. (Bill) Hefner VA Medical

Center

Salisbury, NC CSP #572 Site, Salisbury

K Johnson W.G. (Bill) Hefner VA Medical

Center

Salisbury, NC CSP #572 Site, Salisbury

J Lamotte W.G. (Bill) Hefner VA Medical

Center

Salisbury, NC CSP #572 Site, Salisbury

E Granholm San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
K Bradshaw San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
J Holden San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
RH Jones San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
T Le San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
IG Molina San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
M Peyton San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
I Ruiz San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
L Sally San Diego VA Medical Center San Diego, CA CSP #572 Site, San Diego
A Tapp VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

S Devroy VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

V Jain VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

N Kilzieh VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

L Maus VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

K Miller VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

H Pope VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

A Wood VA Medical Center‐ Tacoma Tacoma, WA CSP #572 Site, Tacoma

E Meyer Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple

P Givens Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple

PB Hicks Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple

S Justice Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple
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K McNair Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple

JL Pena Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple

DF Tharp Olin E. Teague Veterans' Medical 
Center (Temple)

Temple, TX CSP #572 Site, Temple

L Davis Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
M Ban Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
L Cheatum Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
P Darr Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
W Grayson Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
J Munford Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
D Smith Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
B Whitfield Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
E Wilson Tuscaloosa VA Medical Center Tuscaloosa, AL CSP #572 Site, Tuscaloosa
SE Melnikoff VA Washington DC Healthcare

System

Washington, D.C. CSP #572 Site,
Washington, D.C.

BL Schwartz VA Washington DC Healthcare
System

Washington, D.C. CSP #572 Site,
Washington, D.C.

MA Tureson VA Washington DC Healthcare
System

Washington, D.C. CSP #572 Site,
Washington, D.C.

D D Souza West Haven VA Medical Center West Haven, CT CSP #572 Site, West

Haven

K Forselius West Haven VA Medical Center West Haven, CT CSP #572 Site, West

Haven

M Ranganathan West Haven VA Medical Center West Haven, CT CSP #572 Site, West

Haven

L Rispoli West Haven VA Medical Center West Haven, CT CSP #572 Site, West

Haven

M Sather New Mexico VA Healthcare System Albuequerque, NM CSP #572 CSP
Coordinating Center (for 
monitoring), Director
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Additional Information

Explanation for why data not available: The UKB data are available through the UK Biobank

Access Management System https://www.ukbiobank.ac.uk/. The GWAS summary statistics

generated in Gharahkhani et al. are available via the GWAS Catalog under study accession

identifiers GCST90011766, GCST90011767, GCST90011768, GCST90011769,

GCST90011770. GWAS summary statistics for the GGLAD dataset are available through the

Journal of the American Medical Association (JAMA). The GWAS summary statistics from Han

et al. and Craig et al. are available for research use at

https://xikunhan.github.io/site/publication/. Individual-level data are not publicly available due to

participant confidentiality. Upon publication of the full GWAS, the MVP summary statistics will

be placed in dbGaP study accession number phs001672. Computer codes used to generate

the results in this study are available upon reasonable request to the corresponding author.


