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Aims Most polygenic risk scores (PRSs) for coronary heart disease (CHD) are derived from European ancestry populations. This
paper evaluates the performance of CHD PRSs in a Mexican population.

Methods 133207 participants aged 35—79 years from the Mexico City Prospective Study were included. Eight PRSs (comprising

and results 44-6 472 620 polymorphisms) were selected for prediction of CHD (defined as self-reported prior heart attack or angina,
or CHD death before age 80 years). Logistic regression was adjusted for age, sex, and the first seven genetic principal components,
before and after adjustment for other cardiovascular risk factors. The area under the receiving operating characteristic curve
(‘C-statistic’) was also estimated. Of the included participants, 67% were women, the mean (£SD) age was 51 & 12 years, and
Indigenous American ancestry averaged 67%. CHD was documented for 5163 participants (3.9%), including 1901 prevalent and
3479 fatal cases. All eight PRSs were positively and log-linearly associated with CHD, with odds ratios (ORs) per 1 SD PRS increase
ranging from 1.05 (95% Cl, 1.03—1.08) to 1.29 (95% Cl, 1.25-1.33). Associations were consistent across strata of age and ancestry
and were independent of other vascular risk factors. For six PRSs, however, associations were substantially stronger in men than
women. Multi-ancestry PRSs outperformed Eurocentric-ancestry PRSs. Despite remaining predictive of risk independently of es-
tablished non-genetic risk factors, inclusion of a PRS into a risk model did not increase the C-statistic noticeably.

Conclusion In this Mexican population, existing PRSs predicted CHD independently of established vascular risk factors, particularly for men.
PRSs better capturing genetic variation in Latin American people may further enhance risk prediction in such populations.

Lay summary  This study looked at how well eight previously developed genetic risk scores for coronary heart disease (CHD) apply to
people in Mexico, a population that has mixed ancestry.
e We studied over 133 000 Mexican adults aged 35-79. All eight genetic scores were linked to a higher risk of CHD, even
after accounting for the traditional risk factors of smoking, adiposity, blood pressure, diabetes, and education.
o In general, the scores that were developed using data from multiple ancestral groups were better at predicting CHD risk
than those based mostly on people of European descent. Six of the eight scores were also more strongly linked to CHD in
men than in women.
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Introduction

Coronary heart disease (CHD) is a major cause of death and disability
worldwide. It was estimated that in 2021, CHD was responsible for 9
million deaths (13% of deaths globally)." Despite reductions in age-
specific CHD mortality rates in many developed countries over the
past few decades, CHD remains the leading cause of death among
adults globally and therefore its prevention remains a global public
health priority.

CHD is estimated to have a heritability up to 50%,>* and several stud-
ies have shown that accounting for genetic predisposition can enhance
CHD risk stratification beyond conventional vascular risk factors.*®
Polygenic CHD risk scores (PRSs) that combine multiple single nucleo-
tide polymorphism (SNP) effects into a single genetic score have gained
particular interest and have been shown to identify individuals with
CHD risk equivalent to (or even higher than) those with rare monogenic
mutations with large effects (eg familial hypercholesterolemia).”
Increasingly advanced methods have been developed to improve the
predictive power of PRSs among European populations,s’m but the
transferability of these PRSs to populations of other ancestries (with dif-
ferent linkage disequilibrium patterns and allele frequencies) is unclear."”
Since participants of non-European descent comprise only ~5% of
those in existing GWAS studies,> PRS evaluation and development in
other populations has been limited.

In Mexico, the CHD mortality rate at ages 35—79 years has increased
over the past 70 years' (in men from ~60 per 100 000 in 1955 to 210
per 100 000 in 2020, and in women from ~40 per 100 000 in 1955 to
90 per 100 000 in 2020),"* in large part because of substantial popula-
tion increases in major CHD risk factors over this period (in particular
obesity and diabetes). The impact of varying prevalences (and effects) of
major CHD risk factors on the performance of a PRS in a population is
uncertain, especially for scores derived in one population but applied to

Mexico ® Prospective study e Coronary heart disease ® Polygenic risk scores

another. Using data from the Mexico City Prospective Study (MCPS),
the aim of this paper is to evaluate the shape and strength of the asso-
ciation of eight existing CHD polygenic risk scores with CHD in an ad-
mixed population of Mexican adults with high levels of obesity and
diabetes.

Methods

Study design and population

Details of the MCPS design, methods, and population have been described
previously."* Briefly, between 1998 and 2004, households in two districts of
Mexico City (Coyoacan and lztapalapa) were visited and household mem-
bers aged 35 years or older were invited to participate. Of 112 333 house-
holds with eligible inhabitants, one or more individuals from 106 059 (95%)
households consented to participate. Ethics approval was obtained from
the Mexican Ministry of Health, the Mexican National Council for Science
and Technology, and the University of Oxford. All participants provided
written informed consent.

Data collection

During household visits, trained nurses administered electronic question-
naires collecting information on sociodemographic and lifestyle factors,
medication, and disease history. Height, weight, hip circumference, waist
circumference, and sitting blood pressure were measured using calibrated
instruments and standard protocols. A non-fasting venous blood sample
was collected into an EDTA vacutainer and separated into two plasma
and one buffy coat aliquots for long-term storage at —150°C. Variants
were genotyped on the lllumina GSAv2 BeadChip and mapped to genome
build GRCh38 (hg38)."® Variant quality control of genotype and individual-
level missingness, departures from Hardy—Weinberg equilibrium, Mendel
errors, genotype imputation (to TOPMed version 2), and per-individual
proportions of Indigenous, European, African, and East Asian ancestry
were estimated as previously described.®
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CHD polygenic risk scores

From a systematic search of PubMed, Embase, and Medline, we selected
eight published CHD-specific PRSs based either on their relevance to the
ethnicities represented in the MCPS cohort, their extensive evaluation in
the existing literature, or the methodology they employed (see
Supplementary material online, Table S1 for details) to assess their transfer-
ability for predicting CHD risk within the MCPS cohort. Five of the selected
PRSs (Khera et al,’ Inouye et al,'® Tamlander et al.,'”” Oni-Orisan et al.,'®
and Tada et al."®) were derived from European ancestry populations using
a variety of methods. The remaining three PRSs selected (Koyama et al, >
Patel et al,”! and Tcheandjieu et al.*?) involved multiple ancestries during
training (i.e. GWAS source or PRS tuning). The eight CHD-specific PRSs
were recreated for each MCPS participant using individual genotyped
data and the pipeline developed by the PGS Catalog team.”>** The SNP
variant matching rates for all the selected PRSs were >85%, based on exact
matching with no use of proxy SNPs. The PGS Catalog program pgsc_calc
(v1.32) was performed using Nextflow-23.04.0,> PLINK-2.0,%° and
Anaconda Distribution 3.

Follow-up for mortality

Participants are followed up for cause-specific mortality through probabil-
istic linkage (based on name, including phonetic coding of names, age, and
sex) to the Mexican System for Epidemiologic Death Statistics
(Subsistema Epidemioldgico y Estadistico de Defunciones or SEED) elec-
tronic death registry in Mexico City, administered by the Ministry of
Health. Field validation of more than 7000 matched deaths confirmed the
reliability of the matching algorithm in over 95% of cases. Death registration
in Mexico City is reliable and complete, with causes of almost all deaths cer-
tified medically.”” Diseases recorded on death certificates are coded using
the International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10), with subsequent review by study clin-
icians (who are unaware of baseline information) to recode, when neces-
sary, the underlying cause of death.”® Participants deaths were tracked
until September 2022.

Statistical analyses

The main analyses define CHD as either a self-reported history of myocar-
dial infarction or angina at the baseline assessment (for individuals aged <80
years at recruitment) or death before age 80 with CHD (ICD-10 codes
[20-125) listed anywhere on the death certificate. For individuals aged
<80 years at recruitment, logistic regression was then used to estimate
the association between each PRS and the odds of CHD, first by categor-
izing each PRS into fifths [with the lowest fifth treated as the reference cat-
egory and group-specific confidence intervals around each odds ratio (OR),
including the reference group with OR of 1.0]*° and second by treating each
PRS as a continuous variable (per 1SD increase). For consistency with most
of the PRS source studies, these regression models were adjusted initially
just for age at recruitment, sex, and the first seven genetic principal compo-
nents to account for populational stratification (‘partial adjustment’).
Subsequently, we additionally adjusted for educational attainment (univer-
sity or high school, middle school, elementary/other, none), waist-to-hip ra-
tio (WHR), systolic and diastolic blood pressure (SBP and DBP), smoking
status (never, former, current), and diabetes at recruitment (previously di-
agnosed or HbA1c >6.5%, vs. not) (‘full adjustment’). Specification of the
fully adjusted model was based on prior knowledge of CHD epidemiology
plus their availability within the study dataset. For covariates included in the
fully adjusted model, the few participants with missing data had values im-
puted using the median for numeric variables and the most frequently se-
lected category for categorical variables. The area under the receiver
operating characteristic curve (or ‘C-statistic’) was estimated for each
model.

Analyses subsequently assessed for potential effect modification by base-
line age, sex, proportion of Indigenous American ancestry, as well as other
factors included in the fully adjusted model, with tests of heterogeneity or

trend performed to assess whether the ORs in these subgroups varied sig-
nificantly around the overall odds ratio. Sensitivity analyses included redefin-
ing the primary CHD outcome excluding deaths where CHD was not the
underlying (i.e. the primary) cause, restricting to non-fatal self-reported
myocardial infarction, angina or both at baseline, and restricting to the
CHD death component (as listed anywhere on the death certificate and
as listed as the underlying cause). Analyses of the primary CHD outcome
were also repeated limited to participants who were unrelated to the
3rd degree [based on identity-by-descent (IBD) estimates'®] to investigate
the potential effect of familial relatedness. Finally, additional analyses ex-
tended the age range studied (participants and CHD events) up to age 90
years.
Analyses were done using R (version 4.3.2).

Results

Included participants

Of the 159755 participants recruited, 22 364 (14%) were excluded.
These comprised 18 924 (11.8%) without genetic data available or gen-
etic data meeting QC thresholds, a further 2221 (1.4%) with uncertain
mortality linkage, and a further 1219 (0.7%) aged >90 years at recruit-
ment. Of the remaining 137 391 participants, 133 207 were aged 35-79
years at recruitment and 4184 were aged 80-89 years.

Baseline characteristics

Of the 133 207 participants aged 35—79 years at recruitment, the mean
age was 51 years (SD 12 years), 33% were men, and 57% were unre-
lated to the 3rd family degree. Average ancestry proportions were
67% Indigenous American, 28% European, 3% African, and 1% East
Asian (Table 1). The highest level of educational attainment was univer-
sity or high school for 16%, middle school for 25%, and elementary
school for 47%. Women had a lower proportion of university or
high school attainment than men. Overall, 32% were current smokers
and 20% former smokers, with a much higher proportion of men than
women being current or former smokers. Mean SBP and DBP were
127 mmHg (SD 17 mmHg) and 83 mmHg (SD 10 mmHg), respectively.
Self-reported history of CHD (myocardial infarction or angina) was re-
ported by 1901 (1.4%) participants and stroke was reported by 1414
(1.1%). A total of 24 796 participants (19%) had self-reported diabetes
oran HbA1c concentration indicative of undiagnosed diabetes (>6.5%),
while 8% reported having at least one other chronic disease. The base-
line characteristics by study district are shown in Supplementary
material online, Table S2, while baseline characteristics of all 137 391
participants aged 35-89 years at recruitment are shown in
Supplementary material online, Table S3.

Fatal and non-fatal CHD cases

During a median (IQR) follow-up in survivors of 20.3 years (19.4 to 21.5
years), there were 24 596 deaths at ages 35-79 years including 3479
where CHD was listed on the death certificate (2927 as the underlying
cause and 552 elsewhere on the certificate). Of these 3479 participants,
217 reported having CHD at recruitment and 3262 did not.
Consequently, in total, there were 5163 participants who either had
self-reported CHD prior to age 80 or died before age 80 with CHD
listed on their death certificate (i.e. 3479 with CHD death before age
80 plus 1901 with pre-existing CHD at recruitment minus 217 with
both). Extending the population to the 137 391 participants aged 35—
89 at recruitment, 7155 had either self-reported CHD prior to age
90 or died before age 90 with CHD listed on their death certificate.

920z e 0z uo 1senb Aq 21G52Z€8/5 L p/e/e€/opIE/Od NG/ W00 dNo"dIWepEd.//:Sd)Y WOy PApEOjUMOQ


http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf728#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf728#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf728#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf728#supplementary-data

418 T. Liu et dl.
Table 1 Baseline characteristics of 133 207 participants aged 35-79 years
Men Women All
n=43338 (33%) n =89 869 (67%) n=133207
Age, years 52.0 (12.1) 50.8 (11.7) 512 (11.8)

Resident of Coyoacan
Unrelated participants

Ancestry admixture percentage

Indigenous American
African

East Asian

European

Highest attained educational level

University/high school
Middle school
Elementary
Other
Missing
Smoking status
Never
Former
Current
Missing
Alcohol intake
Never
Former
Current
Missing
Physical measures
SBP, mmHg
DBP, mmHg
BMI, kg/m’
Waist-to-hip Ratio
Laboratory measurements
HDL-C, mmol/L
LDL-C, mmol/L
Triglycerides, mmol/L
HbA1c, %
eGFR, mL/min/1.73m™
Prior disease®
Coronary heart disease
Stroke
Cancer
Diabetes*
Other?

17 958 (41%)
24145 (56%)

66.5 (18.0)
34 (28)
14 (20)

287 (163)

10 340 (24%)
11468 (26%)
17902 (41%)
3616 (8%)
12 (<0.5%)

8719 (20%)

13060 (30%)

21521 (50%)
38 (<0.5%)

2660 (6%)
7598 (18%)
33062 (76%)
18 (<0.5%)

1285 (15.8)
84.4 (9.9)
280 (43)
0.95 (0.07)

0.93 (0.19)
2.39 (0.79)
1.65 (0.68)
6.10 (1.72)

101.0 (15.9)

848 (2%)
485 (1%)
266 (1%)

8250 (19%)

2276 (5%)

33057 (37%)
51730 (58%)

51015 (38%)
75875 (57%)

67.0 (17.8) 66.8 (17.9)
3.5(2.8) 4(28)
14 (1.7) 4(18)

281 (16.1) 283 (16.2)

10369 (12%)
21964 (24%)
45005 (50%)
12475 (14%)

20709 (16%)
33432 (25%)
62907 (47%)
16091 (12%)

68 (

56 (<0.5%) <0.5%)
55872 (62%) 64591 (48%)
13116 (15%) 26176 (20%)
20809 (23%) 42330 (32%)
72 (<0.5%) 110 (<0.5%)
23443 (26%) 26103 (20%)
10653 (12%) 18251 (14%)
55741 (62%) 88803 (67%)
32 (<0.5%) 50 (<0.5%)
1266 (16.9) 1272 (16.6)
82.5 (102) 83.1 (102)
296 (5.3) 291 (5.1)
0.88 (0.07) 0.90 (0.08)
1.03 (0.22) 1.00 (0.21)
249 (0.79) 246 (0.79)
154 (0.64) 157 (0.66)
6.10 (1.71) 6.10 (1.71)
102.0 (16.1) 1017 (16.0)
1053 (1%) 1901 (1%)
929 (1%) 1414 (1%)
1314 (1%) 1580 (1%)
16 546 (18%) 24796 (19%)
8837 (10%) 11113 (8%)

Numbers are n (%) or mean (SD). SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low density

lipoprotein cholesterol; HbA1c, glycosylated haemoglobin A1c; eGFR, estimated glomerular filtration rate.

Calculated using the 2021 CKD-EPI equation, based on NMR-measured creatinine levels.

®Self-reported previous diagnoses unless otherwise stated.

Self-reported previously-diagnosed diabetes or glycosylated haemoglobin >6.5%.
9Other diseases include self-reported emphysema, chronic kidney disease, peptic ulcer, liver cirrhosis, and peripheral arterial disease.

Relationship of each PRS to the odds of

CHD

The eight evaluated CHD PRSs included between 44 and 6 472 620
SNPs; Supplementary material online, Figure S1 displays the pairwise

correlations between the eight PRSs. The three European PRSs that
included thousands of SNPs”®"” were all strongly correlated with
each other. Two of the multi-ancestry PRSs*>?" were also strongly
correlated with each other and with the European PRSs. Baseline
characteristics of those aged 35-79 years at recruitment by fifth of

920z e 0z uo 1senb Aq 21G52Z€8/5 L p/e/e€/opIE/Od NG/ W00 dNo"dIWepEd.//:Sd)Y WOy PApEOjUMOQ


http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf728#supplementary-data

Polygenic CHD risk prediction in Mexicans

419

Tada et al/PGS000011/
European/44 SNPs

Oni-Orisan et al/lPGS004595/
European/141 SNPs

Koyama et al/PGS000337/
Japanese and European/64,185 SNPs

Tcheandjieu et al/PGS003446/
Multi-ancestry/485,464 SNPs

22 22 22 22
2.0 2.0 2.0 2.0
1.8 18 18 1.71 18
= 1.56
:\-2, 1.6 1.6 16 {305 16
o] 1.36.7 g
%14 1.4 1.29 1.4 ’ 1.4 1'32// 1349
k=4 1.2 .
© 1.14 1.15 0 ,—* 1'1'41089 115~
ﬁm 1.06 12 BT e 12 1.07.° 12 1.06 1124
3 1.00 1.01 _ 1.00  1.00. 1.00 - 1.00 -7
3 0.94 __*—— o 1087 . )
1.0 * - —’+ 127 1.0 I,/' ’} 1045 1.0 e 950 1.0 l P 962
- [ 1056 ‘. 912 891
1009 1018 920 919 887 837
08 953 0.8 0.8 0.8
-15 -1.0 -05 00 05 10 15 -15 -1.0 -05 00 05 10 15 -15 -1.0 -05 00 05 10 15 -15 -1.0 -05 00 05 10 15
Tamlander et al/ PGS001780/ Patel et al/PGS003725/ Inouye et al/PGS000018/ Khera et al/PGS000013/
European/1,087,958 SNPs Multi-ancestry/1,273,824 SNPs European/1,720,068 SNPs European/6,472,620 SNPs
22 22 2.02 2.2 22
2.0 2.0 ’ 2.0 175 2.0
1.8 1.67 1.8 ,'1436 1.8 * 1.8
= . 1.55
Sie . 15 1.50 1.6 1178 1.6
i 1.37 .7 1205 - .
314 1.27 ’ 1.4 1.327 1.4 13 1.4 -71280
e ** : 120/* 1091 149 1227 -
] 4 ) 1.137
£, 111, 1059 Y + o Y ** 082 . 1.13 133 9426
3 [|too . 101 1.00 .f 1.00 T geg 1.00 +
8 . L7 902 71015 .-
1.0 }'/ 948 10 1.7 104 ¢- 1.0 },r’ 944 949
940 757 019 864
08 08 0.8 0.8

-15 -1.0 -05 00 05 10 15 -15 -1.0 -05 00 05 10 15

-15 -1.0 -05 00 05 1.0 15 -15 -10 -05 00 05 10 15

Polygenic risk score (fifths after normalisation)

Figure 1 Odds of CHD by fifth of each PRS. Analyses are adjusted for age, sex, and the first seven principal components. Each group is plotted against
the mean of the normalized PRS. The vertical lines through each point represent 95% confidence intervals and are shown for each category (including
the reference category with RR = 1.0). The area of each square is inversely proportional to the square of the standard error of the log odds ratio (i.e. it is
proportional to the amount of statistical information). ORs are shown above each point and the number of CHD cases below each point. PGS IDs refer

to the ID number of PRSs on the PGS catalogue.

each of the eight PRSs are shown in Supplementary material online,
Tables S4-S11.

For all eight PRSs, the associations between the PRS and the odds
of CHD were positive and approximately log-linear (Figure 1). Those
with the highest fifth of genetic predisposition to CHD had 1.14-2.02
times the odds of CHD compared with those in the lowest (refer-
ence) fifth (Figure 1). The PRSs with fewer SNPs included tended
to show weaker associations compared with the PRSs which included
thousands of SNPs. When adjusted for age, sex, and the first seven
genetic principal components, the PRS by Patel et al.’
strongest overall association with CHD, with each 1 SD higher level
of genetic predisposition associated with a 29% increase in the odds
of CHD (OR =1.29, 95% Cl 1.25-1.33) (Figure 2). In contrast, the
weakest association was seen for the PRS by Tada et al,'® with
each 1 SD higher level of genetic predisposition associated with
only a 5% increase in the odds of CHD (OR =1.05, 1.03-1.08).
For all eight PRSs, the strengths of association were attenuated
only marginally after further adjustment for conventional cardiovas-
cular risk factors (Figure 2). The multi-ancestry sourced PRSs dis-
played relatively stronger associations with CHD risk compared
with the European-sourced PRSs (ORs ranged from 1.19 to 1.29
vs. 1.05 to 1.22, respectively).

showed the

The C-statistic based on a logistic model including just age, sex, and
the first seven genetic principal components was 0.716 (0.709-0.722).
This increased to 0.745 (0.739-0.751) on further inclusion of
waist-to-hip ratio, systolic and diastolic blood pressure, smoking status,
level of education, and diabetes. In both cases, adding a PRS into the
models increased the C-statistic only marginally. For example, for the
Patel et al?! PRS, the C-statistic in these models was increased to
0.724 (0.717-0.730) and 0.749 (0.743-0.755), respectively (Figure 2).

Differences in genetic predisposition to
CHD risk by sex

Two of the evaluated PRSs with only around a hundred genome-wide
significant SNPs included [Tada et al.'® (44 SNPs) and Oni-Orisan
et al."® (141 SNPs)] showed similar strengths of associations in men
and women (Figure 3). However, for the other six PRSs evaluated,
each of which included thousands or hundreds of thousands of SNPs
(Koyama et al.,*® Tcheandjieu et al.** Tamlander et al.,'” Patel et al,'
Inouye et al,'® and Khera et al.,”), genetic predisposition to subsequent
CHD risk was significantly stronger for men compared with women.
The (multi-ancestry sourced) Tcheandjieu et al.'” PRS exhibited the
greatest heterogeneity by sex, with an OR per 1 SD higher genetic
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PRS name CHD cases CHD controls OR per SD (95% Cl) AUC (95%Cl)
Tada et al/lPGS000011/ X
European/44 SNPs ‘
Partially adjusted 5,163 128,044 e 1.05 (1.03-1.08) 0.716 (0.710-0.723)
Fully adjusted 5,163 128,044 P 1.05 (1.02-1.08) 0.745 (0.739-0.752)
Oni-Orisan et al/lPGS004595/ .
European/141 SNPs 3
Partially adjusted 5,163 128,044 1 — 1.10 (1.07-1.13) 0.717 (0.711-0.723)
Fully adjusted 5,163 128,044 — 1.09 (1.06-1.13) 0.746 (0.739-0.752)
Koyama et al/lPGS000337/ 1
Japanese and European/64,185 SNPs 3
Partially adjusted 5,163 128,044 3 — 1.23 (1.19-1.26) 0.721 (0.714-0.727)
Fully adjusted 5,163 128,044 : —a— 1.20 (1.17-1.23) 0.748 (0.742-0.754)
Tcheandjieu et al/PGS003446/ 3
Multi-ancestry/485,464 SNPs |
Partially adjusted 5,163 128,044 —. 1.19 (1.15-1.23) 0.719 (0.712-0.725)
Fully adjusted 5,163 128,044 1 —. 1.16 (1.12-1.20) 0.746 (0.740-0.753)
Tamlander et al/ PGS001780/ 3
European/1,087,958 SNPs
Partially adjusted 5,163 128,044 ! — 1.22 (1.19-1.26) 0.720 (0.714-0.727)
Fully adjusted 5,163 128,044 —a 1.20 (1.16-1.23) 0.748 (0.741-0.754)
Patel et al/lPGS003725/ "
Multi-ancestry/1,273,824 SNPs
Partially adjusted 5,163 128,044 | — 1.29 (1.25-1.33) 0.724 (0.717-0.730)
Fully adjusted 5,163 128,044 — 1.24 (1.20-1.28) 0.749 (0.743-0.755)
Inouye et al/lPGS000018/ |
European/1,720,068 SNPs 3
Partially adjusted 5,163 128,044 — 1.22 (1.18-1.26) 0.719 (0.713-0.726)
Fully adjusted 5,163 128,044 : —a 1.19 (1.15-1.23) 0.747 (0.741-0.753)
Khera et al/PGS000013/
European/6,472,620 SNPs .
Partially adjusted 5,163 128,044 3 — 1.19 (1.15-1.22) 0.719 (0.713-0.726)
Fully adjusted 5,163 128,044 1 — 1.17 (1.14-1.20) 0.747 (0.741-0.754)
0!9 1I 1 !1 1 !2 1 !3 1 !4

Lower odds of CHD Higher odds of CHD

Figure 2 Odds of CHD per 1 SD increase in each PRS. In the partially adjusted model adjustment is for age, sex, and the first seven genetic principal
components. The fully adjusted model is further adjusted for baseline waist-to-hip ratio, systolic and diastolic blood pressure, smoking status, level of
education, and diabetes. The model C-statistic for a model including only age, sex, and the first seven genetic principal components was 0.716 (0.709—
0.722). This increased to 0.745 (0.739-0.751) on further addition of waist-to-hip ratio, systolic and diastolic blood pressure, smoking status, level of
education, and diabetes. Analyses are restricted to eligible participants with complete data on all covariates. PGS IDs refer to the ID number of

PRSs on the PGS catalogue.

predisposition of 1.30 (95% Cl 1.24-1.37) in men and 1.10 (95% ClI
1.05-1.15) in women. In both men and women, the Patel et al?' PRS
displayed the strongest association with CHD risk, with an OR of
1.37 (1.32-1.43) in men and 1.23 (1.18-1.28) in women. Further adjust-
ments for conventional vascular risk factors did not explain the sex dif-
ferences observed.

Sensitivity analyses

Subgroup analyses of each PRS by age, education, waist-hip ratio, blood
pressure, smoking status, history of diagnosed or undiagnosed diabetes,
and indigenous ancestry proportion are shown in Supplementary
material online, Figures $2—S9. Overall, results for each PRS were broad-
ly consistent by levels of these factors. However, for the strongest
overall performing PRSs, associations appeared slightly stronger at
younger ages, among those with a higher waist-to-hip ratio, among
those with a higher level of education, and among those with lower
blood pressure. Alternative definitions of CHD gave broadly similar re-
sults, with the weakest association generally seen for self-reported

angina (albeit with wide confidence intervals) (see Supplementary
material online, Figures S10-S17). For the PRS with the strongest overall
association with CHD (Patel et al.?"), the interaction with sex was ap-
parent for all definitions of CHD but these interactions were most ap-
parent for CHD definitions based on self-reported CHD at
recruitment (see Supplementary material online, Figure S18).
Restriction to those unrelated to the 3rd degree or extension to those
aged 35-89 years at recruitment (and CHD deaths before age 90) re-
inforced the main findings (see Supplementary material online, Figures
$19-S21).

Discussion

In this large Mexican prospective study, we evaluated the relevance of
genetic predisposition to CHD risk, using eight external PRSs derived
from large European or multi-ancestry source populations. Overall,
we found reasonable transferability and potential for predicting CHD
risk in a Mexican population, with all of the evaluated PRSs showing
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Men

PRS name CHD case / control  OR per SD (95%Cl)  AUC (95%Cl) CHD case / control

OR per SD (95%C1)

Women

AUC (95%Cl) OR comparison between sex Sex interaction p-value

Tada et allPGS000011/
European/d4 SNPs
Partially adjusted 2,415/40,923 1.06 (1.02-1.10) 0.681 (0.671-0.691) | 2,748/87,121 1.05 (1.01-1.09) 0.717 (0.708-0.726) —— 0.65
Fully adjusted 2,415/40,923 1.05 (1.01-1.10) 0.719 (0.709-0.729) | 2,748 /87,121 1.05 (1.01-1.09) 0.746 (0.737-0.755) —— 0.98
Oni-Orisan et al/PGS004595/
European/141 SNPs
Partially adjusted 2,415/40,923 1.12 (1.08-1.17) 0.682 (0.671-0.692) | 2,748/87,121 1.08 (1.04-1.13) 0.717 (0.708-0.726) ——= 0.09
Fully adjusted 2,415/40,923 1.12(1.07-1.16) 0.720 (0.710-0.730) | 2,748/87,121 1.08 (1.03-1.12) 0.746 (0.738-0.755) ——a 0.09
Koyama et allPGS000337/
Japanese and European/64,185 SNPs
Partially adjusted 2,415/40,923 1.29 (1.24-1.35) 0.691 (0.681-0.701) | 2,748/87,121 1.18(1.13-1.22) 0.719 (0.711-0.728) — <0.0001
Fully adjusted 2,415/40,923 1.27 (1.22-1.33) 0.726 (0.716-0.736) | 2,748/87,121 1.14 (1.10-1.19) 0.747 (0.738-0.756) —— <0.0001
Tcheandjieu et allPGS003446/
Multi-ancestry/485,464 SNPs
Partially adjusted 2,415/40,923 1.30 (1.24-1.37) 0.689 (0.679-0.699) | 2,748/87,121 1.10 (1.05-1.15) 0.717 (0.708-0.726) — <0.0001
Fully adjusted 2,415/40,923 1.28 (1.21-1.34) 0.724 (0.714-0.734) | 2,748/87,121 1.07 (1.02-1.12) 0.746 (0.737-0.754) — <0.0001 Sex
Tamlander et all PGS001780/ Men
European/1,087,958 SNPs
Partially adjusted 2,415/40,923 1.29 (1.23-1.34) 0.689 (0.679-0.699) | 2,748/87,121 1.17 (1.12-1.22) 0.719 (0.710-0.728) — <0.0001 ~©-Women
Fully adjusted 2,415/40,923 1.26 (1.21-1.32) 0.725 (0.715-0.735) | 2,748/87,121 1.15(1.10-1.19) 0.747 (0.738-0.756) — <0.0001
Patel et allPGS003725/
Multi-ancestry/1,273,824 SNPs
Partially adjusted 2,415/40,923 1.37 (1.32-1.43) 0.696 (0.686-0.706) | 2,748/87,121 1.23(1.18-1.28) 0.721 (0.712-0.730) —— <0.0001
Fully adjusted 2,415/40,923 1.33 (1.27-1.39) 0.729 (0.719-0.738) | 2,748/87,121 117 (1.13-1.22) 0.747 (0.739-0.756) —— <0.0001
Inouye et al/PGS000018/
European/1,720,068 SNPs
Partially adjusted 2,415/40,923 1.29 (1.23-1.36) 0.688 (0.678-0.698) | 2,748/87,121 1.16 (1.11-1.22) 0.718 (0.710-0.727) —— <0.0001
Fully adjusted 2,415/40,923 1.27 (1.21-1.34) 0.724 (0.714-0.734) | 2,748/87,121 1.13(1.08-1.18) 0.747 (0.738-0.755) — <0.0001
Khera et allPGS000013/
European/6,472,620 SNPs
Partially adjusted 2,415/40,923 1.25 (1.20-1.30) 0.688 (0.678-0.698) | 2,748/87,121 1.14(1.09-1.18) 0.718 (0.709-0.727) —— <0.0001
Fully adjusted 2,415/40,923 1.24 (1.19-1.29) 0.724 (0.715-0.734) | 2,748/87,121 1.12 (1.08-1.16) 0.747 (0.738-0.755) —— <0.0001
0‘9 1‘ 1‘1 1‘2 1‘3 1‘4 1‘5

Lower odds of CHD  Higher odds of CHD

Figure 3 Odds of CHD per 1 SD increase in each PRS, by sex. Analyses as for Figure 2, now presented separately for men and women.

clear positive log-linear associations with the odds of CHD at ages 35—
79 years.

For six of the eight polygenic risk scores (specifically those including
tens of thousands to millions of SNPs), the association with coronary
heart disease was significantly stronger in men than in women. This
may reflect the greater ability of larger PRSs to capture sex-specific gen-
etic predisposition to CHD. These findings align with previous studies in
European populations.'®?"3° For instance, among 317 509 unrelated
individuals of European ancestry in the UK Biobank (UKB),*®a 1 SD in-
crease in genetic risk was associated with a 38% higher risk of incident
coronary artery disease (CAD) in men, compared with a 25% increase
in women. In that study, three trait-based subscores (for blood pres-
sure, blood lipids, and body mass index) were examined, and only the
blood pressure-mediated score showed a significant sex difference in
its association with CAD. This difference was partly, but not entirely,
driven by a novel locus at 21g22.11, which was significantly associated
with increased CAD in men but not in women. This locus mapped to
genes expressed in arterial tissues and has previously been found to
be associated with bone mineral density, waist-hip ratio, and pulse
pressure.

In addition to sex-specific genetic factors, the weaker predictive per-
formance of PRSs in women may also reflect inherent sex biases in the
clinical definitions of CHD (such as differences in disease progression,
presentation, and age at onset), which are dominated by studies involv-
ing men.>" To address these gaps, more sex-specific analyses (e.g.
GWAS and PRS studies) are needed to better understand genetic
risk for CHD in both sexes and to further investigate the biological
pathways underlying observed sex differences.

With the exception of sex, the associations of the PRSs with CHD
were broadly similar according to other participant characteristics
and were comparable when using different definitions of CHD.

Associations were largely independent of established vascular risk
factors, which is consistent with previous reports from European
populations.n’34 Indeed, several recent developments that em-
ployed state-of-the-art methods for PRS construction® '3 have
shown that when integrated with existing clinical risk-score tools
for CHD, genetic information can enhance screening in addition to
existing clinical tools, and inform precision medicine efforts for bet-
ter stratification of CHD risk among otherwise ‘healthy’
individuals.>3%3¢

Polygenic risk scores derived from European populations have de-
monstrated strong performance within European cohorts (as shown
in Supplementary material online, Table S7) achieving C-statistic ranging
from 0.75 to 0.81. However, their performance was somewhat weaker
when applied to the current Mexican population. Consistent with our
findings, several other studies reported weaker yet positive associations
in genetic predisposition to CHD risk when European GWAS-sourced
PRSs were subsequently applied to Hispanic populations,22‘37739 as well
as other ethnically diverse groups, including populations of both Middle
Eastern and African ancestries.”>*®*° The performance of a PRS de-
pends on several factors, including sample size of the input GWAS
and the accurate estimation of genetic effects for causal variants.
These genetic effects can be influenced by population-specific environ-
mental factors, which vary significantly across ancestries. Ideally, PRS for
Hispanic individuals would use effect sizes derived from large,
population-specific cohorts to capture both shared and unique genetic
risk factors. Unfortunately, Hispanics remain significantly underrepre-
sented in GWAS, leaving a critical gap in the development of PRS.
Leveraging diverse population sources for GWAS SNP inputs may en-
hance transferability across diverse populations worldwide, as the true
causal variants for CHD risk are likely shared across populations.>*
Indeed, in our analyses, the multi-ancestry GWAS-sourced PRSs
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from Patel et al.*" and Koyama et al.,”® which were derived from some
of the largest GWAS conducted to date outperformed most of the
European-dominant sourced-PRSs. However, the multi-ancestry PRSs
also have limitations as they do not fully account for population-specific
environmental influences and may overlook risk variants that are un-
ique to underrepresented populations. The findings underscore the
need for large-scale GWAS in Hispanic populations to ensure their
fair representation in genetic research and to enhance the accuracy
and applicability of PRSs in diverse populations. There is also a specific
need for further GWAS in women.

The major strength of the present analysis is that it includes a large
number of people from a previously understudied population of
Hispanic adults. The high-quality genetic data allowed CHD-specific
PRSs to be reconstructed with careful consideration of genetic mis-
classification, genetic ancestry admixture, and relatedness. As for
many prospective studies, previous diagnoses of angina and myocardial
infarction were based on self-reports, so are subject to misclassification
bias. A further limitation was the lack of data on non-fatal CHD inci-
dence, although the large sample size and prolonged follow-up for mor-
tality resulted in a reasonable number of CHD cases for analysis. The
study population arises from just two districts of Mexico City, and so
the participants are not representative of adults throughout Mexico
(or even Mexico City). However, prospective studies of non-
representative cohorts of individuals can provide reliable evidence
about the associations of risk factors with disease that are widely gen-
eralizable.*"*? Either way, the findings from the current study clearly il-
lustrate the potential for CHD polygenic risk scores to predict CHD
risk in Mexican adults.

In summary, in this large Mexican population, existing polygenic
risk scores were able to predict CHD risk independently of estab-
lished vascular risk factors. However, current PRSs do not fully re-
flect the genetic architecture of CHD in Mexico. Ancestry-specific
instruments that more closely represent genetic variation in
Mexico may further enhance polygenic prediction of CHD risk in
Mexican adults.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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