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Summary

Estimated glomerular filtration rate (eGFR) is used to evaluate kidney function and determine the presence of chronic kidney disease
(CKD), a highly prevalent disease in the US'~ that varies among subgroups of Hispanic/Latino individuals.** The polygenic risk score
(PRS) is a popular method that uses large genome-wide association studies (GWASs) to provide a strong estimate of disease risk.” How-
ever, due to the limited availability of summary statistics from GWAS meta-analyses based on Hispanic/Latino populations, PRSs can
only be computed using different ancestry GWASs. The performance of eGFR PRSs derived from other GWAS reference populations
for Hispanic/Latino population has not been examined. We compared PRS constructions for eGFR prediction in Hispanic/Latino in-
dividuals using GWAS-significant variants, clumping and thresholding (C&T),® and PRS-CS,*” as well as a combination of PRSs calcu-
lated with different reference GWAS meta-analyses from European and multi-ethnic studies in Hispanic/Latino individuals from the
Hispanic Community Health Study/Study of Latinos (HCHS/SOL). All eGFR PRSs were highly associated with eGFR (p < 1E—-20).
Additionally, eGFR PRSs were significantly associated with lower risk of prevalent CKD at visit 1 or 2 and incident CKD at visit 2,
with the combined PRSs having the best performance. These PRS findings were replicated in an additional dataset of Hispanic/

Latino individuals using data from the Women’s Health Initiative SNP Health Association Resource (WHI-SHARe).'”

Introduction

Chronic kidney disease (CKD) is highly prevalent in the
US (15%),"* and is a cause and consequence of hyper-
tension. Both CKD and hypertension prevalence vary
among different subgroups of Hispanic/Latino individ-
uals.*® Estimated glomerular filtration rate (eGFR) is
used to evaluate kidney function and to determine the
presence of CKD. Genome-wide association studies
(GWASs) have identified over 200 genetic variants associ-
ated with eGFR.° These GWASs were performed over pop-
ulations of European ancestries or over multi-ethnic
studies. Although each GWAS-identified variant has a
small effect on eGFR, and therefore are not useful by
themselves for quantifying disease risk, the combination
of risk alleles together with their estimated risk via poly-
genic risk scores (PRSs) can provide a strong estimate of
disease risk.”

Summary statistics from large GWAS meta-analyses
based on Hispanic/Latino populations that can be used
for obtaining risk estimates and construct Hispanic/
Latino-specific PRSs are currently unavailable. Thus, to
develop PRSs for the Hispanic/Latino population, we
must use summary statistics from GWAS of other popula-

tions. However, PRSs derived from one population may
not be generalizable to other populations. In order to
examine the performance of PRSs for eGFR or CKD
derived from other populations in the Hispanic/Latino
population, we compared several PRS constructions for
eGFR prediction in Hispanic/Latino individuals using
published methods and reference GWAS meta-analyses
from European and multi-ethnic studies. The different
PRSs included the GWAS-significant variants, clumping
and thresholding (C&T),” and PRS-CS,*” as well as a com-
bination of PRSs calculated with different reference
GWASs. We compared the performance of different
PRSs among Hispanic/Latino individuals from the Carib-
bean (Cuban, Dominican, and Puerto Rican) and Main-
land (Central American, South American, and Mexican),
as these groups differ by their ancestry admixture (high
West African and high Native American ancestries,
respectively).” We further examined the association of
eGFR PRSs with incident and prevalent CKD and hyper-
tension given that CKD and hypertension have inter-
linked pathophysiology. We also replicated our PRS find-
ings in an additional dataset of Hispanic/Latino
individuals using data from the Women’s Health Initia-
tive (WHI).
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Table 1.
Caribbean groups

Descriptive statistics for covariates used in analysis in the HCHS/SOL study population overall and stratified by Mainland and

Variable

Full (n = 12,461)

Mainland (n = 6,871) Caribbean (n = 5,590)

Center, n (weighted %)

Bronx 3,178 (28.3) 434 (10.9) 2,744 (45.0)
Chicago 2,976 (15.0) 2,326 (23.0) 650 (7.2)
Miami 3,414 (32.1) 1,275 (17.3) 2,139 (46.3)
San Diego 2,893 (24.7) 2,836 (48.8) 57 (1.5)
Gender, n (weighted %)

Female 7,330 (51.1) 4,122 (51.1) 3,208 (51.0)
Male 5,131 (48.9) 2,749 (48.9) 2,382 (49.0)
Genetic group, n (weighted %)

Central American 1,366 (7.9) 1,366 (16.1) 0

Cuban 2,238 (24.3) 0 2,238 (47.8)
Dominican 1,153 (10.0) 0 1,153 (19.6)
Mexican 4,608 (35.3) 4,608 (71.9) 0

Puerto Rican 2,199 (16.6) 0 2,199 (32.6)
South American 897 (5.8) 897 (11.9) 0

eGFR (mL/min/1.73m?), mean + SD 99.40 = 0.31 103.83 £ 0.40 95.14 + 0.40
Age (years), mean = SD 41.55 = 0.26 39.10 = 0.32 43.91 = 0.37

n (weighted %): total number of participants (weighted column percentage); eGFR: estimated filtration glomerular rate.

Material and methods

The Hispanic Community Health Study/Study of Latinos
(HCHSs/soL)

The HCHS/SOL is a longitudinal study of 16,415 Hispanic/Latino
individuals (aged 18-74 years at screening) recruited from house-
holds in predefined census-block groups from four US field centers
(Chicago, Miami, the Bronx, and San Diego) between 2008 and
2011 and a second examination (2014-2017) performed at an
average of follow-up of about 6 years.' HCHS/SOL individuals
were sampled through a stratified multi-stage area probability sam-
ple design. A baseline clinical examination included clinical,
behavioral, and sociodemographic assessments and the collection
of fasting blood and spot urine samples. Serum creatinine was
measured using a creatinase enzymatic method traceable to
isotope dilution mass spectrometry (IDMS).'" The study was
approved by the institutional review boards at each field center
and the coordinating center, and all subjects provided written
informed consent. Individuals in this analysis also consented for
genetic studies. There were 12,461 HCHS/SOL participants with
complete visit 1 data. Of those, there were 11,534 individuals
with visit 2 data.

The HCHS/SOL genotype data are annotated in the hgl9
genome build. HCHS/SOL participants were genotyped using a
Custom Illumina Omni2.5M array (HumanOmni2.5-8v.1-1, con-
taining 2,536,661 SNVs), which was called using GenomeStudio
v.2011.1, Genotyping Module v.1.9.4, and GenTrain v.2. In the
reference GWAS, we removed duplicates, insertions or deletions
(indels), and SNPs with minor allele frequencies (MAFs) <0.01.
Further details of quality control are previously described in Laurie
et al.'? Principal components (PCs) were estimated in an unrelated

subset of HCHS/SOL subjects, excluding 19 subjects with substan-
tial Asian ancestry as previously described in Conomos et al.” Con-
omos et al. also estimated the genetic groups based on country of
origin and genetic data, which were used as covariates in the sta-
tistical analyses. Untyped variants were imputed using the phased
haplotypes from 1000 Genome Project phase 1 (more details in
Conomos et al.).

HCHS/SOL outcomes and covariates
Our primary outcome was eGFR from visit 1 cross-sectional data.
We computed eGFR based on the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) creatinine equation, noting
that we do not use a race component for Hispanic/Latino individ-
uals."® Secondary outcomes of interest were prevalent and inci-
dent CKD and hypertension. Prevalent CKD was defined by an
eGFR <60 mL/min/1.73 m?. Incident CKD was defined as eGFR
<60 mL/min/1.73 m? at visit 2 among participants without CKD
at visit 1 and an eGFR decline >1 mL/min/1.73 m?/year between
visits 1 and 2. Prevalent hypertension was defined, using the new
ACC/AHA Guidelines definition, as having a systolic or diastolic
blood pressure greater than or equal to 130/80 mm Hg or self-re-
ported use of anti-hypertensive medications.'* Incident hyperten-
sion was defined by a blood pressure >130/80 mm Hg or taking
medications at visit 2 among participants with blood pressure
<130/80 mmHg without anti-hypertensive medications at visit 1.
Covariates of interest were age at visit 1 or visit 2, field center,
gender, genetic group, and the top fivePCs of genetic data, which
was shown in Conomos et al. to account for the population sub-
structure in the Hispanic/Latino population. Survey sampling var-
iables used to account for the complex survey design (unequal
probability of sampling, stratification, and clustering) were survey
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Table 2. Number of variants used in PRS calculation for each threshold by reference GWAS for HCHS/SOL target data

Threshold (t) 5E-8 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1
EU 433 378 669 976 1,670 3,603 11,462 49,772
TE 239 364 397 646 1,340 3,886 15,808 76,420

Summary of number of variants used at each threshold for each reference GWAS for HCHS/SOL target data. C&T PRS (clumping with parameters distance = 250
kb, r2 = 0.1, and p < 1, then thresholding to SNPs with p < t). EU and TE denote the reference GWAS used for calculating the PRS.

sampling weights at HCHS/SOL visit 1 or 2, census block unit (pri-
mary sampling unit), and strata. Variable names are summarized
in the supplemental information (Table S1).

Reference GWAS and validation data

The two reference summary statistics GWAS files are the European
CKDGen'® and the trans-ethnic Million Veteran Program'®(MVP).
Summary statistics from these GWASs were cleaned and processed
for quality control, including removing variant duplicates and
indels.

To validate our eGFR primary analysis findings in HCHS/SOL,
we used the WHI SNP Health Association Resource (WHI-
SHARe)'” Hispanic dataset, which includes 3,520 Hispanic women
and overseen by an institutional review board. WHI-SHARe was
genotyped on the Affimetrix Genome-wide Human SNP Array
6.0 using the hg19 build annotation and imputed to the 1000 Ge-
nomes reference dataset. Extensive quality control has been
applied and are described in previous works.'®

PRS calculation

We calculated PRSs for each individual as the sum of eGFR-associ-
ated alleles weighted by estimated effect sizes. Estimated effect
sizes were obtained from two sets of GWAS summary statistics
(“reference GWAS”): GWAS meta-analysis of 567,460 European
ancestry individuals from CKDGen (EU GWAS) and a trans-ethnic
GWAS from the MVP (TE GWAS) (dbGap phs001672) of 280,722
African American and European American participants. SNPs
were selected for use in the PRS calculation using the C&T
method.® The C&T PRS is calculated after clumping variants based
on linkage disequilibrium (LD) and selecting variants that are
below a chosen p-value significance level (or threshold). In the
clumping stage, correlated variants are clumped by selecting the
most significant variant and removing from consideration vari-
ants that are within 250 kb of this variant and those in LD
(R* > 0.1) with variants estimated in HCHS/SOL. This pruned
redundant correlated effects caused by LD between variants.
Next, when calculating the PRS, we applied a threshold so that
only variants with a p-value lower than a chosen level of signifi-
cance are used. This step helped reduce noise by excluding null ef-
fects.” For individual i, the PRS is calculated as

pRs, = B
jeM, i

where M, is the set of SNPs included in the PRS after C&T at

t = 5E-8, 1E-7, 1E-6, 1E-5, 1E—4, 1E-3, 1E-2, and 1E-1; §;

is the estimated effect size of the effect allele at SNP i; x;; is the ge-

notype for individual i at SNP j; and S; is the total number of alleles

included in the PRS of individual i. We consider the GWAS-signif-
icant PRSs to be when t = 5E—8.

After calculating the PRS, we standardized all PRSs at each

threshold across all individuals to adjust for different scales of

(Equation 1)

PRS distributions caused by different number, frequencies, and
weights of SNPs used. These standardized PRSs were used for all

I e 2
PRS 1 (PRSi — )
I 2% and o2 = 2o, (PRS- —

i=1"T1

regression analyses. Let w = > ;
and then the standardized PRS is defined as

’

PRS,, — LR%it — F
ag

(Equation 2)
Using the best performing PRS from each reference GWAS,
defined by the PRS in the regression of eGFR with lowest mean-
squared error (MSE), we calculated a combined PRS. Let PR Sgy;
denote the best PRS using the EU GWAS and PR Stg; denote the
best PRS using the TE GWAS for individual i. We calculated the

combined PRS as
PRScomb; = PRSgu; + PRS; (Equation 3)

To make the combined PRS comparable, we standardized the
combined PRS as

PRScomb; — T )
PRS oy = —combi — He (Equation 4)
Oc _
_ ' .,
__ I PRScombi i1 (PRScomb,i — i)
where iz = 3=/ and ¢* = Z‘fb

For comparison, we also computed the PRS using PRS-CS,*
which is a Bayesian approach that infers posterior effect sizes using
CS prior on SNP effect sizes, using both the EU and TE GWAS sum-
mary statistics. The PRS-CS is computed using the R scripts pro-
vided by the authors in Ge et al.*

Primary analysis

To evaluate the association of the PRS with eGFR, we fit a linear
regression model of eGFR as a function of PRS at visit 1. We used
complex survey procedures to account for unequal probability of
sampling, stratification, and clustering. We used visit 1 survey
sampling weights and obtained unbiased effect estimates for the
HCHS/SOL target population. A subgroup analysis was also per-
formed fitting the same linear regression in individuals catego-
rized as having Caribbean heritage (Cuban, Dominican, and Pu-
erto Rican genetic groups) and Mainlander heritage (Central
American, South American, and Mexican genetic groups). From
the full data results, we selected the best performing PRS con-
structed based on each reference GWAS (EU and TE) determined
by the regression model with the smallest MSE. We compared
the association of the best performing PRS from each reference
GWAS with the association of the PRS constructed by PRS-CS.

Secondary analysis

We performed additional analyses using the selected best PRS from
each reference GWAS, the combined PRS using the best MSE, the
combined PRS using the GWAS-significant threshold, and the
PRS calculated by PRS-CS. Due to potential over-fitting through
evaluation in the same dataset, we also used the GWAS-significant
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threshold combined PRS, a conservative estimate, which was
calculated using threshold t = SE—8 in Equations 3 and 4.

We examined the association of the eGFR PRS with prevalent
and incident CKD and hypertension. For modeling prevalence of
CKD and hypertension at visit 1 or 2, we fit a logistic regression
model with PRS and the covariates of interest using age and sam-
pling variables at visit 1 or 2, respectively. For the incidence CKD
and incidence hypertension outcomes, we fit a Poisson model
with the same covariates as the linear regression with the years be-
tween visit 1 and 2 as an offset. Visit 2 survey sampling weights
were used to account for non-responses for visit 2.

Validation analysis

The PRS using each reference GWAS for WHI was calculated with
two different methods: (1) using the same methodology used in
HCHS/SOL where the C&T is performed specifically in WHI-
SHARe and (2) using the SNPs identified in the HCHS/SOL-specific
analysis by the C&Talgorithm. The PRSs were then standardized us-
ing the mean and standard deviation from the HCHS/SOL PRS us-
ing the same reference GWAS. We evaluated the two different
methods with the combined PRS using the best threshold, the com-
bined PRS using the GWAS-significant threshold, and the individ-
ual PRS using each reference GWAS at the best threshold to validate
the eGFR linear regression results in HCHS/SOL. We also compared
aweighted combined PRS using the parameter estimate for the PRS
in the primary analysis linear regression using HCHS/SOL for the
reference EU or TE GWAS, denoted by Brv and By, respectively.
This weighted combined PRS was calculated as follows:

PRSwicombi = Beo PRSgu; + B PRS 1 (Equation 5)

This weighted combined PRS was standardized in the same form
as Equation 4. The covariates used in the linear regression are the
PRS, age, the first 10 PCs (PC1-PC10), and the region at random-
ization or enrollment (Table S4).

Software

PRSice-2'” was used to calculate all PRSs by providing the post-
quality control reference GWAS summary statistics file (with
duplicated SNPs removed prior) and the reference genotype data
in PLINK?° format. All models were fit using the complex survey
procedures in SAS and R-3.6.1.%"

Results

The descriptive statistics of covariates used in the analysis
for the individuals in HCHS/SOL are summarized in Ta-
ble 1, computed for the full study population, and strati-
fied to Mainland and Caribbean heritages only.

In EU GWAS and TE GWAS, there were 8,885,712 and
1,6089,081 total variants, respectively. After clumping,
there were 199,282 variants in the EU GWAS and
300,812 variants in the TE GWAS. Table 2 summarizes
the number of variants used to calculate the PRS at the
different thresholds.

eGFR at visit 1

Results from association analysis of eGFR are provided in
Figure 1, where 12,461 individuals had eGFR at visit 1. All
PRSs were highly associated with eGFR at a 0.0S signifi-
cance level (p < 1E—20). Figure 1A summarizes the PRS
parameter estimate for each combination with corre-
sponding 95% confidence intervals. A higher PRS was
associated with a higher eGFR value. Additionally, as the
PRS threshold increased, the parameter estimates also
increased for both EU and TE GWASs. Across thresholds,
the magnitude of the PRS parameter estimates calculated
by different reference GWASs were similar or within a
95% confidence interval. For thresholds below 0.001,
the parameter estimates were larger for the EU GWAS
than the TE GWAS. However, for thresholds larger than
0.001, the parameter estimates using the TE GWAS were
larger than the EU GWAS. The subgroup analysis results
of PRS association with eGFR in the Caribbean group
were similar to those observed in the full study popula-
tion (Figure 1B). In the Mainland group, the PRS estimate
using the TE GWAS had a larger magnitude than in the
full study population or in the Caribbean group
(Figure 1C). The eGFR PRS constructed by PRS-CS was
similarly highly associated with eGFR (in unstratified
analysis, parameter estimate = 2.113 and 1.943 for EU
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Table 3.

Association of eGFR PRS using EU and TE GWASs with prevalent and incident CKD in HCHS/SOL

Outcome PRS type PRS estimate SE p
Prevalent CKD at visit 1 (n = 12,461) combined Best MSE —-0.435 0.084 4.02E-07%
combined GWAS-sig —0.296 0.081 0.0003*
best EU GWAS -0.335 0.067 7.05E—-07°
best TE GWAS -0.410 0.081 6.07E—07*
PRS-CS EU GWAS -0.181 0.074 0.0151%
PRS-CS TE GWAS -0.275 0.083 0.0009*
Prevalent CKD at visit 2 (n = 8,969) combined Best MSE —0.346 0.111 0.0020"
combined GWAS-sig -0.237 0.099 0.0167*
best EU GWAS -0.334 0.093 0.0003"
best TE GWAS -0.253 0.089 0.0044"
PRS-CS EU GWAS -0.225 0.078 0.0043*
PRS-CS TE GWAS -0.360 0.086 2.98E-05"
Incident CKD at visit 2 (n = 8,663) combined Best MSE -0.162 0.053 0.0024*
combined GWAS-sig —0.109 0.050 0.0304*
best EU GWAS -0.117 0.043 0.0066"
best TE GWAS -0.132 0.046 0.0043*
PRS-CS EU GWAS —0.095 0.044 0.0306"
PRS-CS TE GWAS -0.118 0.046 0.0112%

Best EU GWAS: C&T PRS at threshold 0.001 using reference EU GWAS; best TE GWAS: C&T PRS at threshold 0.0001 using reference TE GWAS; combined best
MSE: best EU GWAS + best TE GWAS, where “best” is defined as threshold with smallest MSE; combined GWAS-sig: C&T PRS at threshold 5E—8 using EU GWAS +
C&T PRS at threshold 5E—8 using TE GWAS. eGFR, estimated filtration glomerular rate; CKD, chronic kidney disease.

?Significant at 0.05 level.

and TE GWASs, respectively, p < 1E-16 for both in
HCHS/SOL).

Secondary analysis

The models fit in the full study population with the lowest
MSE and highest R* for PRSs constructed by EU or TE
GWASs were PRSs at thresholds t = 1E—3 and 1E—4, respec-
tively (Table S3). We used the PRS at these thresholds to
calculate the combined best MSE PRS. For comparison,
we also calculated the combined PRS using the GWAS-sig-
nificant threshold in both EU and TE. The results for the
CKD and hypertension prevalence and incidence analysis
using the combined PRS are presented in Tables 3 and 4.
The corresponding area under the receiver operating char-
acteristic (ROC) curve are summarized in Table S4. All eGFR
PRSs were significantly associated with a lower risk of prev-
alent CKD at visit 1 or 2 and incident CKD at visit 2. The
combined PRS using the best MSE had the largest effect
compared with the best PRS in EU or the best PRS in TE (Ta-
ble 3). No statistically significant associations were de-
tected for PRSs with prevalent hypertension at visit 1 and
2 or incident hypertension except for the best EU PRS for
prevalent hypertension at visit 2 (Table 4). PRSs con-
structed with PRS-CS had similar significant associations
as PRSs constructed with C&T. The effect size was smaller,

i.e., the absolute value of the coefficient is closer to zero,
using PRS-CS than C&T.

Validation results for eGFR

The description of the Hispanic participants in WHI-SHARe
are shown in Table S4. The numbers of SNPs using method 1
at the best threshold for the EU and TE reference GWASs
were 8,048 and 2,429, respectively. Using method 2, the
numbers of SNPs used in the PRS calculation were 3,538
(EU reference GWAS) and 1,013 (TE reference GWAS) at
the best threshold. At the GWAS-significant threshold,
there were 754 (EU reference GWAS) and 394 (TE reference
GWAS) SNPs used in the PRS calculation using method 1.
421 (EU reference GWAS) and 171 (TE reference GWAS)
SNPs were used in the method 2 PRS calculation at the
GWAS-significant threshold. As with the HCHS/SOL anal-
ysis, the combined PRS was significantly positively associ-
ated with eGFR (B =1.527, p < 2E—16) in covariate-adjusted
analyses for the WHI-SHARe Hispanic validation dataset
(Table 5). When restricting analysis to the SNPs identified
by HCHS/SOL at the threshold of the best PRS, the linear
regression analysis with the PRS was significant, using the
best PRS constructed with reference EU GWAS or TE
GWAS. The combined PRS built upon the EU and TE
GWASs using the HCHS/SOL SNPs was also significant,
though the association was smaller in magnitude.
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Table 4. Association of eGFR PRS using EU and TE GWASs with prevalent and incident hypertension in HCHS/SOL

Outcome PRS type PRS estimate SE p
Prevalent hypertension at visit 1 (n = 12,461) combined best MSE 0.010 0.041 0.7958
combined GWAS-sig 0.033 0.034 0.3264
best EU GWAS 0.013 0.031 0.6623
best TE GWAS 0.002 0.038 0.9525
PRS-CS EU GWAS 0.053 0.031 0.0825
PRS-CS TE GWAS 0.026 0.032 0.4208
Prevalent hypertension at visit 2 (n = 9,029) combined Best MSE 0.069 0.048 0.1331
combined GWAS-sig 0.033 0.042 0.4282
best EU GWAS 0.078 0.037 0.0348"
best TE GWAS 0.045 0.051 0.3801
PRS-CS EU GWAS 0.146 0.041 0.0004"
PRS-CS TE GWAS 0.297 0.046 0.5175
Incident hypertension at visit 2 (n = 4,806) combined Best MSE 0.078 0.058 0.1819
combined GWAS-sig —0.018 0.055 0.7420
best EU GWAS 0.005 0.052 0.9291
best TE GWAS —0.074 0.064 0.2486
PRS-CS EU GWAS 0.006 0.055 0.9161
PRS-CS TE GWAS —0.063 0.061 0.2986

Best EU GWAS: C&T PRS at threshold 0.001 using reference EU GWAS; best TE GWAS: C&T PRS at threshold 0.0001 using reference TE GWAS; combined best
MSE: best EU GWAS + best TE GWAS, where “best” is defined as threshold with smallest MSE; combined GWAS-sig: C&T PRS at threshold 5E—8 using EU GWAS +

C&T PRS at threshold 5E—8 using TE GWAS. eGFR, estimated filtration glomerular rate.

?Significant at 0.05 level.

Discussion

The goal of this study was to compare the performance of
various PRS approaches for eGFR prediction in the
Hispanic/Latino population. The Hispanic/Latino popu-
lation is admixed, i.e., the individuals have recent admix-
ture from three populations, and the performance of
differently constructed PRSs has not been previously
compared in this population. We were interested in
whether there was an effect on performance based on
the type of GWAS used to construct the PRS, EU or TE,
as well as which PRS performs better for prediction, com-
bined or individual PRS.

From our primary analysis for eGFR at visit 1, we ex-
pected that the PRS constructed with TE would have a
higher estimate. However, across different thresholds,
there was no difference in PRS performance based on
reference GWAS used. The trend of the effect estimate
was similar in models evaluated in the Caribbean and
Mainland Hispanic/Latino groups, which did not support
a differential effect by genetic ancestry admixture,
though there is a large proportion of EU ancestry in
Hispanic/Latino populations. At thresholds below 0.001,
PRSs constructed with TE had slightly lower parameter es-
timates than PRSs constructed with the EU GWAS. How-
ever, for thresholds above 0.001, PRSs constructed with

the TE GWAS had slightly higher estimates than PRSs con-
structed with EU. This result may be driven by the larger
sample size of the EU dataset used to select the SNPs for
the PRS. We did confirm our hypothesis that a combined
PRS would perform better than the individual PRSs when
using the best MSE. This is also noted in both the preva-
lent and incident CKD analysis (Table 3), where the com-
bined PRS has a larger magnitude of effect than either
PRSs constructed with EU or TE GWASs and a lower stan-
dard deviation. However, when compared with the con-
servative combination using the GWAS-significant
threshold, we see that the combined PRS parameter is
generally smaller in magnitude than the individual PRS
parameter.

C&T PRS has been the most commonly used PRS in the
literature. As seen in Figure 1, as the p-value threshold used
for selecting SNPs into the PRS becomes less conservative
(i.e., higher), the PRS effect estimate increases. This finding
supports the importance of the clumping step, which
prunes redundant correlated effects caused by LD between
variants, and suggests that the use of C&T PRS should be
prioritized over a thresholding-only PRS.

We validated our results in WHI using two different
groups of SNPs: (1) using the same methodology as
HCHS/SOL where the C&T is performed specifically in
WHI-SHARe and (2) using the same set of SNPs identified
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Table 5.

Different forms of PRS association with eGFR in the WHI-SHARe target dataset to validate findings in the HCHS/SOL dataset

Method Unweighted estimate SD Weighted estimate SD

1: Combined best threshold 2.724° 0.2265 2.726" 0.2263
2: combined best threshold with HCHS/SOL 2.766" 0.2266 2.766° 0.2262
SNPs

1: combined GWAS-sig threshold 2.324° 0.2161 2.332° 0.2151
2: combined GWAS-sig threshold with 2.1484° 0.2180 2.764° 0.2254
HCHS/SOL SNPs

1: EU PRS @ t = 0.001 3.287° 0.2894 - -

1: TE PRS @ t = 0.0001 3.360" 0.3433 - -

2: EU PRS using HCHS/SOL SNPs @ t = 0.001 2.555° 0.2256 - -

2: TE PRS using HCHS/SOL SNPs @ t = 0.0001 2.449° 0.2573 - -

1: EU PRS @ GWAS-sig threshold 2.380" 0.2283 - -

1: TE PRS @ GWAS-sig threshold 2.388% 0.2569 - -

2: EU PRS using HCHS/SOL SNPs @ GWAS-sig 2.029% 0.2138 - -
threshold

2: TE PRS using HCHS/SOL SNPs @ GWAS-sig 1.626" 0.2062 - -

threshold

Covariates included age, first 10 principal components, and region. Combined PRS: sum of C&T PRS constructed with reference EU GWAS and C&T PRS con-
structed with reference TE GWAS at best threshold (t = 0.0017 and 0.0001 for EU and TE, respectively) or GWAS-significant threshold (t = 5E—08). Using
HCHS/SOL SNPs: PRS calculated using set of SNPs identified in the HCHS/SOL dataset for the reference GWAS. Weighted denotes a combined PRS weighted
by the corresponding estimated parameter for PRS in HCHS/SOL. EU, European; TE, trans-ethnic; eGFR, estimated filtration glomerular rate.

“p < 0.0001.

in the HCHS/SOL dataset after C&T for each reference
GWAS. Though our validation set from WHI was females
only, we expected to see a significant association in eGFR
PRS and eGFR due to the highly significant association in
the HCHS/SOL dataset, which consisted of males and fe-
males. Both the weighted and unweighted eGFR PRSs
were significantly associated with eGFR at visit 1 regardless
of whether it was constructed using method 1 or 2. Even
with a smaller subset of overlapping SNPs used in method
2, the eGFR PRS association was significant. The weighted
combined PRS and the unweighted combined PRS had
very similar parameter estimates. In contrast, the param-
eter estimates for method 1 for both EU and TE PRSs at
the best thresholds were larger in magnitude compared
with method 2. The overestimation could be due to a dif-
ference in the WHI subjects LD structure or other different
factors from the sample, such as it being only females. In
method 1, the same threshold value that was identified
best in the HCHS/SOL data. However, in method 2, we
are using the SNPs identified in HCHS/SOL, which is essen-
tially using the C&T process in HCHS/SOL.

An additional finding from this study was the lack of as-
sociation of PRS for eGFR with hypertension outcomes. All
eGFR PRSs were not associated with prevalent or incident
hypertension; however, this may be due to the smaller
sample size and therefore lower power. The current study
cannot also distinguish if the null findings were due to
low predictive effect of eGFR PRSs in the Hispanic/Latino
population or due to a true lack of genetic association be-
tween eGFR PRSs and hypertension.

This work has shown that the eGFR PRS is associated
with eGFR and CKD in the Hispanic/Latino population,
which has not been shown in the current literature.
This work highlights the need of developing novel
methods to address PRS prediction and health dispar-
ities in the Hispanic/Latino population. A limitation
of this work is that PRSs are not yet strong enough
for prediction, as they do not result in substantial pre-
dictive measures. In this article, we have done a prelim-
inary evaluation of the extent of using genetics to learn
about the relationship of eGFR. Though C&T PRS is the
most commonly used form of PRS used to date, a disad-
vantage of this method is that it discards more informa-
tion compared with more recently developed PRS
methods that include correlated SNPs while accounting
for LD by recomputed SNP weights. However, for a
smaller training size and number of causal SNPs, the
performance of C&T was expected to be similar to other
PRS methods.”” Nevertheless, we directly compared it
with PRS constructed with PRS-CS to verify the perfor-
mance. This is the first step toward understanding the
use of genetics with a relationship to eGFR, and in
future studies, we expect the use of other developed
PRS methods could show a stronger relationship. Addi-
tionally, none of the studies used for selecting the
SNPs for the PRS had representation of Native American
ancestry.” Therefore, further expansion could be to uti-
lize American Indian GWASs, though these types of
GWASs are currently very limited. Furthermore, we
could expand our work to incorporate the local ancestry
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data of Hispanic/Latino individuals, which we expect to
improve the performance.

Data and code availability
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