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BACKGROUND: Most polygenic risk scores (PRS) have been developed in European populations, frequently leading to limited
transferability across diverse ancestry populations. This study aimed to develop and evaluate PRS for blood pressure (BP)
traits in continental African populations and investigate how African genetic diversity influences PRS performance.

METHODS: We generated PRS for systolic BPF, diastolic BF, pulse pressure, and hypertension. We used a pan-African cohort
as the target population and compared single-ancestry and multi-ancestry PRS methods. We compared the performance of
African ancestry-derived PRS against multi-ancestry PRS on the entire data set and within South, East, and West African
subpopulations.

RESULTS: Multi-ancestry PRS demonstrated significantly higher predictive accuracy compared with single-ancestry PRS
models. PRS predictive accuracy varied across different African regions, with the highest performance observed in East
Africa. In the combined population, the difference in mean BP values between the first multi-ancestry PRS quartile and the
top quartile was 6.53 (95% Cl, 5.3-7.74), 3.81 (95% Cl, 3.9-4.52), and 3.59 (95% Cl, 2.4-4.32) mmHg for systolic BR,
diastolic BR, and pulse pressure, respectively. Individuals in the highest PRS risk quartile had odds of hypertension that were
1.47 (95% CI, 1.7-1.69) times greater than those in the lowest risk quartile.

CONCLUSIONS: These findings highlight the importance of integrating diverse ancestries in PRS development and accounting
for subpopulation genetic variation to improve the predictive accuracy of BP PRS in African populations.
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cardiometabolic disorders." Hypertension is defined as
systolic BP (SBP) values of 140 mmHg or more or
diastolic BP (DBP) values of 90 mmHg or more, accord-
ing to the 2020 International Society of Hypertension
Global Hypertension practice guidelines? Studies have

High blood pressure (BP) is a risk factor for multiple

shown a higher BP in men and a faster increase in BP
with age for women.® High-income regions of the world
have undergone a substantial decrease in mean SBP and
DBP from being the highest in the world to the lowest
between 1975 and 2015.4 Pulse pressure (PP), calculated
as the difference between SBP and DBR, is a predictor of
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Nonstandard Abbreviations and Acronyms
AoU All of Us

BP blood pressure

DBP diastolic blood pressure

GWAS genome-wide association studies

OR odds ratio

PP pulse pressure

PRS polygenic risk score

SBP systolic blood pressure

cardiovascular disease in the elderly?® The estimated popu-
lation with high BP in Africa is projected to be 216.8 million
in 20305 High BP is a significant cause of mortality in
Africa, with a prevalence of about 54%,” although this var-
ies considerably between African regions.®

BP levels can be influenced by lifestyle® and genetic
factors.'® Genome-wide association studies (GWAS) of
BP for people with African ancestry are limited and have
relatively small sample sizes.'"'2 The results often reveal
different variants associated with BP when compared
with non-African populations. Polygenic risk scores
(PRSs) use summary statistics from GWAS to evaluate
the cumulative effects of genetic variants on disease risk.
Numerous PRS methods have been developed, each
differing in how single nucleotide polymorphisms are
selected and how effect sizes are weighted.”® The opti-
mal approach for single nucleotide polymorphism selec-
tion and weighting depends on the discovery GWAS
sample size and trait-specific genetic architecture.

Previous studies have reported a strong association
between BP PRS and hypertension.*'® However, these
studies were all conducted in European and East Asian
populations. Due to the lack of diversity in genetic studies,
the previous BP PRSs developed have limited predictivity
in African ancestry populations.'® Continental African pop-
ulations not only encompass a rich genetic diversity,'” but
also experience distinct environmental and social factors
that vary widely across regions in Africa. Recently, new
PRS methods have been introduced that leverage mul-
tiple discovery GWAS from diverse ancestries to enhance
PRS accuracy and generalizability across populations.'®'®

In this study, we used GWAS summary statistics from a
meta-analysis of continental African individuals to develop
single-ancestry PRSs for SBRF, DBPF, PR, and hypertension
using various PRS methods. GWAS summary statistics
from multiple ancestries were incorporated to develop
multi-ancestry PRSs. These multi-ancestry PRSs were
compared with the single-ancestry PRSs, and their asso-
ciations with the traits were evaluated in participants from
continental Africa. The analysis also included stratification
by specific African regions to assess regional differences
in predictive accuracy, as well as stratification by sex to
explore sex-specific PRS associations.
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METHODS

Ethical approval was obtained from the relevant ethics commit-
tees at each participating site. These included Institute of Human
Virology Nigeria Health Research Ethics Committee; National
Health Research Ethics Committee of Nigeria; University
of Maryland School of Medicine institutional review board;
Science and Ethics Committee of the Uganda Virus Research
Institute; Uganda National Council for Science and Technology;
Human Research Ethics Committee of the University of the
Witwatersrand. The data were used in accordance with the
informed consent obtained from the study participants at each
site. Due to the sensitive nature of the data collected, access
requests from qualified researchers trained in human subject
confidentiality protocols can be directed to the respective inde-
pendent cohorts outlined in the Supplemental Material. The
best-performing PRS will be submitted to the Polygenic Score
Catalog after publication. A detailed description of the meth-
ods is provided in the Supplemental Materials. The overall study
design and analytical workflow are illustrated in Figure 1. All data
and cohorts used to construct the PRSs are listed in Table S1.

RESULTS
Characteristics of Target Cohort

The Table shows the basic characteristics of partici-
pants in the target validation and testing cohort from
the Africa Wits-INDEPTH partnership for Genomic
Studies (AWI-Gen) study. In the validation cohort, par-
ticipants had a mean age of 52.1 years (SD=8.3), an
average body mass index of 25 kg/m2 (SD=6.7), and
a sex distribution of 55.1% women and 44.9% men. In
the test cohort, the mean age was 51.7 years (SD=8.1),
mean body mass index was 25.2 kg/m? (SD=6.7),
with 54.9% women and 45.1% men. The prevalence
of hypertension in the test cohort was 28.7%. The tar-
get cohort included individuals from South, East, and
West Africa. Among these regions, South Africa exhib-
ited higher average SBPF, DBP, and PP with values of
132.7 mm Hg (SD=22.4), 829 mm Hg (SD=13.4),
and 499 mm Hg (SD=15.6), respectively, compared
with East and West Africa (Table S2). Figure 2 dem-
onstrates distinct clusters for East Africa, South Africa,
and West Africa, based on genetic ancestry. Each clus-
ter represents a genetically distinguishable population,
with notable separation between groups from different
geographic regions.

Single-ancestry and Multi-ancestry PRS
Development

A GWAS was performed on 3 single-ancestry data
sets (African Collaborative Center for Microbiome
and Genomic Research (ACCME), Ugandan Genome
Resource (UGR), and Loyola University Cohort (LUC))
to identify loci associated with BP traits. Following this,
a meta-analysis of these GWAS results was conducted
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African ancestry GWAS summary statistics
derived from the meta-analysis of UGR, ACCME
and LUC cohorts for SBP(N=21,912),

Multi-ancestry GWAS summary statistics from
African, European, East Asian and South Asian

DBP(N=21,910); UGR and ACCME cohorts for
PP(N=16,851) and HTN(N=16,701)

Y

Construct single-ancestry PRS for each trait
using African ancestry discovery GWAS

ancestries for SBP(N=961,019),
DBP(N=961,016), PP(N=919,897)and
HTN(N=553,660)

Construct multi-ancestry PRS for each trait

implemented in C+T, LDpred2, Lassosum2,
PRS-CS and SBayesRC

using multi-ancestry discovery GWAS
implemented in PROSPER and PRS-CSx

Choose best performing PRS based on the
highest variance explained by the PRS in
the validation dataset (N=2,180)

Evaluate association of the best performing
PRS for each trait in the testing dataset
(N=8,722) and within South
African(N=4,034), East African(N=1,415)
and West African(N=3,061) regions

Figure 1. Study design and workflow.

Single-ancestry-derived polygenic risk scores for each trait were constructed using African ancestry genome-wide association studies (GWAS)
summary statistics. Multi-ancestry-derived polygenic risk scores (PRS) were constructed with diverse ancestry GWAS summary statistics.

The best-performing PRS was evaluated in the testing data set and within South African, East African, and West African regions. Participants
lacking information on their region of origin (n=212) were excluded from the regional analysis. ACCME indicates African Collaborative Center
for Microbiome and Genomic Research; AWI-Gen, Africa Wits-INDEPTH partnership for Genomic Studies; DBP, diastolic blood pressure;
HTN, hypertension; LUC, Loyola University Cohort; PP, pulse pressure; SBP, systolic blood pressure; and UGR Ugandan Genome Resource.

to increase the statistical power and identify top loci
common across data sets. The top 20 loci identified
from both the individual GWAS and meta-analysis are
presented in Supplemental Data 1-14. Among single-
ancestry-derived PRS methods, C+T had the best
performance for SBP with an /2 of 0.21% followed
by Lassosum?2 (R’=0.1%); C+T and Lassosum?2 per-
formed best for DBP with an /2 of 0.08% and 0.06%,
respectively; PRS-CS exhibited the best prediction for

Circ Genom Precis Med. 2025;18:e005048. DOI: 10.1161/CIRCGEN.124.005048

PP with an R? of 0.1%, while Lassosum2 and LDpred2
had the same performance with an R? of 0.05%. For
hypertension, Lassosum2 had the best performance for
hypertension with an R? of 0.05% (Table S3; Figure S1).
Among multi-ancestry methods, PROSPER demon-
strated better performance for SBP with an /2 of 1.43%
compared with PRS-CSx, which had an R? of 1.36%.
PRS-CSx outperformed PROSPER for DBPF, PP, and
hypertension with an R? of 1.42%, 1.07%, and 0.61%.
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Table. Characteristics of the Participants in the African
Target Cohort Split Randomly for Validation (20%) and
Testing (80%) Subsets

Validation cohort Test cohort
Mean (SD)/ Mean (SD)/

Variable n percentage n percentage
Age, y 2180 52.1 (8.3) 8722 51.7 (8.1)
Sex 2180 8722

Women 1201 55.1 4787 54.9

Men 979 44.9 3935 45.1
BMI, kg/m? 2180 25 (6.7) 8722 25.2 (6.7)
SBP, mm Hg 2162 125.5 (22) 8674 126 (22.5)
DBP, mm Hg 2164 79.3 (13.2) 8674 79.52 (13.3)
PP, mm Hg 2162 | 46.3(13.7) 8670 | 46.46 (14)
Hypertension 2164 8678

Cases 600 27.7 2487 28.7

Controls 1564 72.3 6191 71.3

All the study participants were from the Africa Wits-INDEPTH partnership for
Genomic Studies (AWI-Gen) cohort. BMI indicates body mass index; DBP, dia-
stolic blood pressure; PP, pulse pressure; and SBP, systolic blood pressure.

Assessment of Multi-ancestry PRS
Performance in the Absence of
African Ancestry

We conducted a further evaluation of the impact of
excluding African ancestry information in the discovery
GWAS on performance in the target data. There was a
reduction in the R? values when African ancestry was
excluded, with losses of 0.14% for SBP, 0.15% for
PP, and 0.04% for hypertension, indicating that includ-
ing African ancestry in the discovery GWAS enhances
PRS performance, likely by capturing ancestry-specific
genetic variation relevant to BP regulation. Notably,

Polygenic Risk Scores for BP Traits in Africans

the MULTI+AFR (PRS including African ancestry) and
MULTI PRS (PRS excluding African ancestry) produced
identical R? values of 1.42% for DBPR, respectively
(Figure 3).

PRS Predictive Accuracy in South, East, and
West Africa

We evaluated the best-performing PRS within each
African region to identify regional differences in
predictive accuracy and assess PRS transferabil-
ity across diverse African populations. East Africa
showed the highest PRS performance for SBP, DBP,
PP, and hypertension, with R2 values of 2.5% (95%
Cl, 1.22%-4.12%), 2.85% (95% CI, 1.36%—-4.65%),
2.6% (95% CI, 1.41%-4.2%), and 0.95% (95% ClI,
0.13%-2.85%), respectively. West Africa had the
second-highest PRS performance for SBP, DBP, and
PP, with R2 values of 1.95% (95% CI, 1.16%—-2.96%),
1.24% (95% ClI, 0.62%-2.1%), and 1.43% (95% ClI,
0.7%-2.34%). South Africa had the second-highest
performance for hypertension, with an R2 of 0.59%
(95% Cl, 0.07%—1.24%), but the lowest performance
for SBP, DBP, and PP, with R2 values of 0.93% (95%
Cl, 0.45%-1.62%), 1.23% (95% CI, 0.7%—-1.93%),
and 0.72% (95% ClI, 0.34%-1.26%), respectively.
The variance explained by the multi-ancestry PRS
varied widely across regions. Testing for heteroge-
neity revealed a statistically significant difference in
predictive accuracy of PRS for PP across regional
strata (P=0.03) and borderline significance for SBP
(P=0.047), indicating some variability in performance.
No significant differences were observed for DBP
(P=0.18) or hypertension (P=0.23; Figure 4).

0.02

PC2

0.00

-0.015 -0.010 -0.005 0.000 0.005
PC1

Figure 2. Principal components
analysis (PCA) plot of African
populations.

This plot illustrates genetic differentiation
among African populations. The plot
includes individuals from the Africa
Wits-INDEPTH partnership for Genomic
Studies (AWI-Gen) cohort representing
South, East, and West Africa; African
Collaborative Center for Microbiome and
Genomic Research (ACCME) cohort
representing West Africa; and Ugandan
Genome Resource (UGR) cohort
representing East Africa.

Region

® East Africa
® South Africa
® West Africa
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Figure 3. Comparison of polygenic
risk scores (PRS) predictive accuracy
in continental African populations.
We compared the performance of the

Source best-performing single-ancestry PRS with

. AFR PRS-derived multi-ancestry genome-wide

. MULTI association studies (GWAS), including
African ancestry (MULTI+AFR) and

. MULTI+AFR multi-ancestry GWAS excluding African

ancestry (MULTI) for different blood
pressure (BP) traits in the testing data set
(n=8722). Performance was evaluated by
the variance R? explained by the PRS for
systolic BP, diastolic BP, pulse pressure,
and hypertension. The error bars show
95% Cls.

Association Between Multi-ancestry PRS and
BP Traits

The difference in mean SBP between the first PRS
quartile and the third and top quartiles was 3.54 mm
Hg (95% CI, 2.3-4.756) and 653 mm Hg (95% C|,
5.3=7.74), respectively. For DBR, the difference was 2.71
mm Hg (95% Cl, 1.9-3.42) and 3.81 mm Hg (95% Cl,
3.9-4.52), respectively. For PP, the difference was 2.01
mm Hg (95% Cl, 1.8-2.74) and 3.69 mm Hg (95% Cl,
2.4-4.32) between the first quartile and the third and
top quartiles, respectively. The odds of hypertension was
1.24 (95% Cl, 1.8-1.43) and 1.47 (95% ClI, 1.7-1.69)
times higher in the third and top PRS quartiles compared
with the first quartile. PRS was significantly associated
with SBP (=2.73; [95% Cl, 2.3-3.15]), DBP (=159
[95% ClI, 1.4-1.85]), and PP ($=1.48 [95% CI, 1.2-
1.74]). Using hypertension-PRS as a continuous variable

in a fully adjusted model, the odds ratio of hypertension
was 1.16 (95% Cl, 1.1-1.23; Figure b).

Multi-ancestry PRS Association Stratified by Sex

We conducted a sex-stratified analysis to assess dif-
ferences in PRS predictive accuracy and association
strength for each BP traitt DBP-PRS demonstrated
higher predictive accuracy in women (R2=1.83%) com-
pared with men (R2=0.98%; Table S4). The predictive
accuracy of SBP, PP, and hypertension-PRS was simi-
lar between men and women (Table S4). In women, the
association between DBP-PRS and DBP (=1.79 [95%
Cl, 1.6-2.13]) was stronger than in men (f=1.34 [95%
Cl, 0.6-1.73]). For SBP and PR, PRS showed compa-
rable association strength across sexes. Regarding
hypertension-PRS, the odds ratio for hypertension was
similar in male individuals (odds ratio OR=1.18 [95% ClI,

R? (percent)

SBP DBP PP HTN
Trait

Region

I South Africa
I West Africa

Figure 4. Comparison of polygenic
risk scores (PRS) predictive accuracy
across continental African regions.
We compared the performance of the
best-performing PRS for different blood
pressure (BP) traits in a combined African
population (n=8722) and stratified by
regions: South Africa (=4034), East
Africa (h=1415), and West Africa
(n=8061). Performance was evaluated by
the variance R? explained by the PRS for
systolic BP (SBP), diastolic BP (DBP),
pulse pressure (PP), and hypertension.
The error bars show 95% Cls.

East Africa
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Figure 5. Association between multi-ancestry polygenic risk scores (PRS) and blood pressure (BP) traits across PRS quartiles.
Point range-plots comparing difference in mean blood pressure in absolute measures (mmHg) between the fourth, third, and second PRS
quartiles relative to the lowest quartile, for (A) systolic BP (SBP), (B) diastolic BP (DBP), (C) pulse pressure (PP); odds ratio across PRS
quartiles for (D) hypertension in the testing data set. The error bars show 95% Cls. The models were adjusted for age, sex, study site, body

mass index, and the top 10 principal components.

1.9-1.27]) and female individuals (OR=1.16 [95% Cl|,
1.8—-1.24]; Table Sb). The PRS-by-sex interaction was
borderline significant for DBP (P=0.05), but not signifi-
cant for SBP (P=0.57), PP (P=0.32), or hypertension
(P=0.95).

Validation in the UK Biobank and AoU African
Ancestry Population

We validated the performance of the best-performing
multi-ancestry PRS in independent data sets from the
UK Biobank and All of Us (AoU) cohorts of African
ancestry, adjusting for age, sex, body mass index, and the
first 10 principal components. In the UK Biobank data
set (n=6851), the R2? of the multi-ancestry PRS was
2.21% (95% ClI, 1.63%-2.89%) for SBP, 2.22% (95%
Cl, 1.62%-2.97%) for DBPR, 2.47% (95% ClI, 1.83%-—
3.20%) for PP, and 1.43% (95% CI, 0.86%—2.17%)
for hypertension (Table S6). The PRS was significantly
associated with SBP (8=2.83 [95% ClI, 2.8—-3.29]), DBP
(B=1.47 [95% ClI, 1.1-1.73]), PP ($=2.47 [95% ClI, 2.3—
2.80]), and hypertension (OR=1.27 [95% ClI, 1.0-1.34]).
In the AoU data set (n=39 181), the R2 of the multi-
ancestry PRS was 1.11% (95% CI, 0.93%-1.30%) for
SBP, 1.03% (95% Cl, 0.84%—1.25%) for DBPF, 1.32%

Circ Genom Precis Med. 2025;18:e005048. DOI: 10.1161/CIRCGEN.124.005048

(95% ClI, 1.11%-1.55%) for PP, and 0.51% (95% ClI,
0.28%—0.78%) for hypertension (Table S6). The PRS
was significantly associated with SBP (=2.15 [95%
Cl, 1.6-2.34]), DBP ($=1.33 [95% CI, 1.0-1.45)),
PP (p=1.70 [95% CI, 1.6-1.83]), and hypertension
(OR=1.16[95% ClI, 1.3—1.18]).

DISCUSSION

PRS development for BP traits in continental African
populations has been limited by small sample sizes,
resulting in low predictive accuracy.'? Additionally, these
earlier studies often failed to account for the substantial
genetic diversity and regional differences within African
populations, which are critical to capturing ancestry-
specific genetic variation. To address this, our study used
an optimized approach that incorporated a larger repre-
sentation of continental African samples in the discovery
data set and assessed performance disparities across
African regions. We identified the best-performing single-
ancestry and multi-ancestry model for each BP trait, with
variations in PRS method performance likely reflecting
the distinct genetic architectures underlying each trait.?°

In our analysis, excluding African ancestry information
in the discovery GWAS reduced performance for SBP, PP,
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and hypertension. Although the gains from African ances-
try inclusion were modest, likely due to limited sample
size, this highlights the additive value of including African
ancestry data in trait predictions and the need for larger
studies to improve PRS performance. The inclusion of
target ancestry data tends to improve PRS performance
for certain traits.?®?' The best-performing multi-ancestry
PRS achieved a partial R? of 1.43% for SBP and 1.42%
for DBF, which represents a significant improvement over
previous studies, which reported R2 values of 0.22% for
SBP and 0.36% for DBP in a continental African popu-
lation.” However, these values remain lower than those
observed in European populations, where R? values
range from 1.5% to 12%.22"2* The disparity in predictive
accuracy is primarily attributed to the overrepresentation
of the European populations in discovery GWAS. Vari-
ant effect estimates are shaped by population-specific
linkage disequilibrium (LD) patterns, which can result in
biased weights when applied to African populations.?®
Variants that are common in African populations are often
rare or absent in the European populations, leading to
their exclusion from European-based GWAS and reduc-
ing the transferability of PRS.? Additionally, the reliance
on HapMap3 single nucleotide polymorphisms in many
PRS methods used in this study may further limit per-
formance, as HapMap3 single nucleotide polymorphisms
may not fully capture the genetic variants associated with
BP development in African populations.

To examine whether lower predictive accuracy in
continental African populations is influenced by genetic
diversity within these groups, we evaluated PRS per-
formance across specific African regions. The multi-
ancestry PRS showed varying performance by region,
with East Africa achieving the highest R2 values of 2.5%,
2.85%, and 2.6% for SBF, DBP, and PP, respectively.
In contrast, South Africa exhibited the lowest R2 com-
pared with West and East Africa, potentially reflecting
the absence of South African populations in the African
ancestry component of the discovery GWAS. Previous
studies have shown that differences in PRS accuracy
within the African subpopulations can exceed those
observed across the non-African ancestries.?’?® The dif-
ferential performance of PRSs within the African groups
can be attributed to multiple factors beyond genetic vari-
ation alone.?® Social and environmental factors unique to
each population also play significant roles in influencing
PRS predictive accuracy.3*®" One study reported poor
transferability of lipid PRS between a South African Zulu
population and an Ugandan population3? These find-
ings highlight the critical need for greater inclusion of
African populations in PRS development, the creation of
population-specific PRS, or calibration of existing PRS
to account for local genetic diversity, thereby enhancing
their generalizability and predictive power.

The association between the best-performing multi-
ancestry PRS and SBP, DBP, and PP was observed to be
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statistically significant, which is consistent with previous
results in diverse ancestries.'>3334 Our study observed an
OR of 1.16 (95% ClI, 1.3—1.18) for PRS association with
hypertension, which is in line with a previous study in the
African American population.®*® The observed differences
in the mean BP levels and odds ratios across quartiles of
PRS underscore the potential relevance of PRS in risk
stratification.

In a sex-stratified analysis, partial R? for DBP was
1.8x higher in women than in men. This is consistent
with the findings from other studies.?"3¢ This difference in
PRS accuracy may be attributed to sex-specific genetic
architecture, as certain genetic variants influencing DBP
could have varying effects between sexes. Additionally,
differences in environmental exposures and lifestyle
factors by sex in this population may also contribute to
the observed variation in performance®” Few studies
have evaluated sex-specific differences in the associa-
tion of PRS with BP traits in European ancestries, and
none in an African population. In the Finnish population,
SBP-PRS was more strongly associated with incident
hypertension in women.® These suggest potential sex
differences in genetic susceptibility to these traits and
emphasize the importance of considering sex-specific
genetic factors in the risk assessment and personalized
management approaches for high BP. Further studies
should be conducted by evaluating sex-specific PRS for
these BP traits.

The predictive accuracy of the multi-ancestry PRS
was higher in the UK Biobank African ancestry cohort
compared with continental Africans, while PRS perfor-
mance in the AoU African ancestry cohort was lower
than expected. These differences are unlikely to be
explained solely by European admixture and may
instead reflect distinct ancestral backgrounds, includ-
ing genetic heterogeneity and variations in genetic
architecture shaped by regional origins within Africa
and diverse migration histories.3%“° This aligns with our
observation of differential PRS performance across
African regions. Additionally, cohort-specific, socioeco-
nomic, environmental, and lifestyle factors likely con-
tribute to the observed variation, potentially attenuating
the genetic contribution and reducing PRS predictive
accuracy. This interpretation is further supported by the
significantly lower heritability estimates observed in the
AoU data set compared with the UK Biobank,*" empha-
sizing the limitations on achievable PRS accuracy in this
population.

The strengths of our study include the use of a large
and diverse base data set encompassing individuals of
European, African, East Asian, and South Asian ances-
tries. Our target data set uniquely represents continental
Africans from West, East, and Southern Africa, allow-
ing us to evaluate BP PRS performance within regional
strata and uncover potential differences across sub-
populations of global ancestries contributes to a deeper
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understanding of PRS applicability and performance in
diverse populations, supporting the development of more
accurate and inclusive genetic risk prediction models.
Additionally, we replicated PRS performance in 2 inde-
pendent African ancestry cohorts, reinforcing the robust-
ness and generalizability of our findings. The limitations
of our study include the absence of BP-lowering medi-
cation intake data in the target data set; the absence of
information on comorbidities that could potentially lead
to elevated BP; and a limited sample size of the African
subpopulations. Furthermore, hypertension classifica-
tion in our target data set is based on single-visit BP
measurements, which may exclude individuals with con-
trolled hypertension managed through antihypertensive
treatment.

CONCLUSIONS

In conclusion, we generated and evaluated single-
ancestry and multi-ancestry-derived PRS for SBP,
DBPF, PP and hypertension. We demonstrated the
importance of incorporating diverse ancestries in PRS
development. Our results showed an improved PRS
for continental African populations and highlighted
variations in PRS accuracy across different African
geographic regions, reflecting the high genetic diver-
sity within Africa. Future research should focus on
expanding sample sizes, incorporating more diverse
populations, and considering additional environmental
and lifestyle factors. Overall, this study provides valu-
able insights into the genetic architecture of BP traits
among individuals of African ancestry, highlighting the
need for PRS with improved accuracy for risk pre-
diction and personalized management strategies for
hypertension within this population.

ARTICLE INFORMATION
Received June 28, 2024; accepted April 21, 2025.

Affiliations

Department of Epidemiology and Public Health (E.O, M.Z, CA, JSA, Y.Z,BDM,
SN.A), Greenebaum Comprehensive Cancer Center (C.A, SN.A), and Depart-
ment of Medicine (T.D.O,, BD.M.), University of Maryland School of Medicine,
Baltimore. The African Computational Genomics Research Group, Medical Re-
search Council/Uganda Virus Research Institute, and London School of Hygiene
and Tropical Medicine (MRC/UVRI & LSHTM), Entebbe, Uganda (0.S, AK, SF).
Clinical Research Unit of Nanoro, Institut de Recherche en Sciences de la Santé,
Nanoro, Burkina Faso (R.B.). Sydney Brenner Institute for Molecular Bioscience,
Faculty of Health Sciences (RB, A.C, SH, M.R), and School of Electrical and
Information Engineering (S.H.), University of the Witwatersrand, Johannesburg,
South Africa. Department of Medicine, Harvard Medical School, Boston, MA (T.C.).
Channing Division of Network Medicine, Brigham and Women's Hospital, Bos-
ton, MA (T.C.). Precision Healthcare University Research Institute, Queen Mary
University of London, United Kingdom (S.F). Department of Public Health Sci-
ences, Loyola University Parkinson School of Health Sciences and Public Health,
Maywood, IL (BT.).

Acknowledgment

The authors are grateful to the participants, volunteers, and researchers who con-
tributed to this study.

Circ Genom Precis Med. 2025;18:e005048. DOI: 10.1161/CIRCGEN.124.005048

Polygenic Risk Scores for BP Traits in Africans

Sources of Funding

This work was supported by the Polygenic Risk Score (PRS) Methods and Analy-
sis for Populations of Diverse Ancestry—Study Sites (National Institutes of Health
(NIH)/ National Human Genome Research Institute (NHGRI) TUOTHGO11717),
other NIH grants 1U54HG006947 and RO3HL172139; the Maryland Depart-
ment of Health's Cigarette Restitution Fund, the University of Maryland Greene-
baum Comprehensive Cancer Center Support Grant (P80CA134274); and the
American Cancer Society Research Scholar Grant RSG-22-079-01-CSCT.

Disclosures
None.

Supplemental Material
Supplemental Methods
Tables S1-S6

Figures S1-S2

ACCME Research Group
Supplemental Data 1-14
References 42-63

REFERENCES

1. Olsen MH, Angell SY, Asma S, Boutouyrie P, Burger D,
Chirinos JA, Damasceno A, Delles C, Gimenez-Roqueplo AF, Hering D,
et al. A call to action and a lifecourse strategy to address the global bur-
den of raised blood pressure on current and future generations: the Lan-
cet Commission on hypertension. Lancet 2016;388:2665-2712. doi:
10.1016/S0140-6736(16)31134-5

2. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D,
Ramirez A, Schlaich M, Stergiou GS, Tomaszewski M, et al. 2020 Interna-
tional Society of Hypertension global hypertension practice guidelines. J
Hypertens. 2020;38:982—1004. doi: 10.1097/HJH.0000000000002453

3. Connelly RJ, Currie G, Delles C. Sex differences in the prevalence, outcomes
and management of hypertension. Curr Hypertens Rep. 2022,24:185-192.
doi: 10.1007/511906-022-01183-8

4. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden
and effective interventions for elevated blood pressure and hypertension.
Nat Rev Cardiol. 2021;18:785-802. doi: 10.1038/s41569-021-00559-8

5. Vaccarino V, Holford TR, Krumholz HM. Pulse pressure and risk for
myocardial infarction and heart failure in the elderly. J Am Coll Cardiol.
2000;36:130-138. doi: 10.1016/s0735-1097(00)00687-2

6. Adeloye D, Basquill C. Estimating the prevalence and awareness rates of
hypertension in Africa: a systematic analysis. PLoS One. 2014;9:e104300.
doi: 10.1371/journal.pone.0104300

7. Akpa OM, Made F, Ojo A, Ovbiagele B, Adu D, Motala AA, Mayosi BM,
Adebamowo SN, Engel ME, Tayo B, et al; as members of the CVD Work-
ing Group of the H3Africa Consortium. Regional patterns and asso-
ciation between obesity and hypertension in Africa: evidence from
the H3Africa CHAIR study. Hypertension. 2020;75:1167-1178. doi:
10.1161/HYPERTENSIONAHA.119.14147

8. Gomez-Olive FX, Ali SA, Made F, Kyobutungi C, Nonterah E, Micklesfield L,
Alberts M, Boua R, Hazelhurst S, Debpuur C, et al; AWI-Gen and the H3Africa
Consortium. Regional and sex differences in the prevalence and awareness
of hypertension: an H3Africa AWI-Gen study across 6 sites in sub-Saharan
Africa. Glob Heart. 2017;12:81-90. doi: 10.1016/j.gheart.2017.01.007

9. Shimbo D. Dietary and lifestyle factors in hypertension. J Hum Hypertens.
2016;30:5671-572. doi: 10.1038/jhh.2016.57

10. Luft FC. Twins in cardiovascular genetic research. Hypertension.
2001;37:350-356. doi: 10.1161/01.hyp.37.2.350

11. Ehret GB, Munroe PB, Rice KM, Bochud M, Johnson AD, Chasman DI,
Smith AV, Tobin MD, Verwoert GC, Hwang S-J, et al; International Consor-
tium for Blood Pressure Genome-Wide Association Studies. Genetic vari-
ants in novel pathways influence blood pressure and cardiovascular disease
risk. Nature. 2011;478:103—-109. doi: 10.1038/nature 10405

12. Singh S, Choudhury A, Hazelhurst S, Crowther NJ, Boua PR, Sorgho H,
Agongo G, Nonterah EA, Micklesfield LK, Norris SA, et al. Genome-wide
association study meta-analysis of blood pressure traits and hyperten-
sion in sub-Saharan African populations: an AWI-Gen study. Nat Commun.
2023;14:8376. doi: 10.1038/s41467-023-44079-0

13. KonumaT, Okada Y. Statistical genetics and polygenic risk score for precision
medicine. Inflamm Regen.2021;41:18.doi: 10.1186/s41232-021-00172-9

14. Giontella A, Sjogren M, Lotta LA, Overton JD, Baras A, Minuz B, Fava C,
Melander O; Regeneron Genetics Center. Clinical evaluation of the polygenetic

June 2025 267



Onyenobi et al

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Circ Genom Precis Med. 2025;18:e005048. DOI: 10.1161/CIRCGEN.124.005048

background of blood pressure in the population-based setting. Hyperten-
sion. 2021;77:169-177. doi: 10.1161/HYPERTENSIONAHA.120.156449

. Niiranen TJ, Havulinna AS, Langen VL, Salomaa V, Jula AM. Predic-

tion of blood pressure and blood pressure change with a genetic
risk score. J Clin Hypertens (Greenwich). 2016;18:181-186. doi:
10.1111/jch.12702

. Peterson RE, Kuchenbaecker K, Walters RK, Chen CY, Popejoy AB,

Periyasamy S, Lam M, lyegbe C, Strawbridge RJ, Brick L, et al. Genome-
wide association studies in ancestrally diverse populations: opportunities,
methods, pitfalls, and recommendations. Cell. 2019;179:5689-603. doi:
10.1016/.cell.2019.08.051

. Busby GB, Band G, Si Le Q, Jallow M, Bougama E, Mangano VD,

Amenga-Etego LN, Enimil A, Apinjoh T, Ndila CM, et al; Malaria Genomic
Epidemiology Network. Admixture into and within sub-Saharan Africa. Elife.
2016;5:¢15266. doi: 10.7554/eLife.15266

. Ruan Y, Lin YF, Feng YA, Chen CY, Lam M, Guo Z, He L, Sawa A,

Martin AR, et al; Stanley Global Asia Initiatives. Improving polygenic predic-
tion in ancestrally diverse populations. Nat Genet. 2022;64:573-580. doi:
10.1038/541588-022-01054-7

. Zhang J, Zhan J, Jin J, Ma C, Zhao R, O'Connell J, Jiang Y, Koelsch BL,

Zhang H, Chatterjee N; 23andMe Research Team. An ensemble penalized
regression method for multi-ancestry polygenic risk prediction. Nat Com-
mun. 2024;15:3238. doi: 10.1038/s41467-024-47357-7

Wang Y, Kanai M, Tan T, Kamariza M, Tsuo K, Yuan K, Zhou W, Okada Y,
Huang H, Turley P, et al; BioBank Japan Project. Polygenic prediction across
populations is influenced by ancestry, genetic architecture, and methodol-
ogy. Cell Genom. 2023;3:100408. doi: 10.1016/jxgen.2023.100408
Kurniansyah N, Goodman MO, Khan AT, Wang J, Feofanova E, Bis JC,
Wiggins KL, Huffman JE, Kelly T, Elfassy T, et al. Evaluating the use of blood
pressure polygenic risk scores across race/ethnic background groups. Nat
Commun. 2023;14:3202. doi: 10.1038/s41467-023-38990-9

Keaton JM, Kamali Z, Xie T, Vaez A, Williams A, Goleva SB, Ani A, Evangelou E,
Hellwege JN, Yengo L, et al; Million Veteran Program. Genome-wide analy-
sis in over 1 million individuals of European ancestry yields improved poly-
genic risk scores for blood pressure traits. Nat Genet. 2024;56:778-791.
doi: 10.1038/5415688-024-01714-w

Tanigawa Y, Qian J, Venkataraman G, Justesen JM, Li R,
Tibshirani R, Hastie T, Rivas MA. Significant sparse polygenic risk scores
across 813 traits in UK Biobank. PLoS Genet 2022;18:1010105. doi:
10.1371/journal.pgen.1010105

Weissbrod O, Kanai M, Shi H, Gazal S, Peyrot WJ, Khera AV,
Okada Y, Martin AR, Finucane HK, Price AL; Biobank Japan Project. Lever-
aging fine-mapping and multipopulation training data to improve cross-
population polygenic risk scores. Nat Genet 2022;54:450-458. doi:
10.1038/541588-022-01036-9

Duncan L, Shen H, Gelaye B, Meijsen J, Ressler K, Feldman M,
Peterson R, Domingue B. Analysis of polygenic risk score usage and per-
formance in diverse human populations. Nat Commun. 2019;10:3328. doi:
10.1038/s41467-019-11112-0

Kim MS, Patel KP, Teng AK, Berens AJ, Lachance J. Genetic disease risks
can be misestimated across global populations. Genome Biol. 2018;19:179.
doi: 10.1186/s13059-018-1561-7

Majara L, Kalungi A, Koen N, Tsuo K, Wang Y, Gupta R, Nkambule LL, Zar H,
Stein DJ, Kinyanda E, et al. Low and differential polygenic score generaliz-
ability among African populations due largely to genetic diversity. HGG Adv.
2023;4:100184. doi: 10.1016/j.xhgg.2023.100184

Chikowore T, Lall K, Micklesfield LK, Lombard Z, Goedecke JH, Fatumo S,
Norris SA, Magi R, Ramsay M, Franks PW, et al. Variability of polygenic
prediction for body mass index in Africa. Genome Med. 2024;16:74. doi:
10.1186/513073-024-01348-x

Fatumo S, Sathan D, Samtal C, Isewon |, Tamuhla T, Soremekun C, Jafali J,
Paniji S, Tiffin N, Fakim YJ. Polygenic risk scores for disease risk prediction in
Africa: current challenges and future directions. Genome Med. 2023;15:87.
doi: 10.1186/513073-023-01245-9

Ali SA, Soo C, Agongo G, Alberts M, Amenga-Etego L, Boua RF, Choudhury A,
Crowther NJ, Depuur C, Gomez-Olive FX, et al. Genomic and environmental
risk factors for cardiometabolic diseases in Africa: methods used for phase
1 of the AWI-Gen population cross-sectional study. Glob Health Action.
2018;11:1607133. doi: 10.1080/16549716.2018.1607133

Mostafavi H, Harpak A, Agarwal |, Conley D, Pritchard JK, Przeworski M.
Variable prediction accuracy of polygenic scores within an ancestry group.
Elife. 2020;9:e48376. doi: 10.7554/eL ife.48376

Kamiza AB, Toure SM, Vujkovic M, Machipisa T, Soremekun OS,
Kintu C, Corpas M, Pirie F, Young E, Gill D, et al. Transferability of genetic

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

Polygenic Risk Scores for BP Traits in Africans

risk scores in African populations. Nat Med. 2022;28:1163-1166. doi:
10.1038/541591-022-01835-x

Fujii R, Hishida A, Nakatochi M, Tsuboi Y, Suzuki K, Kondo T, lkezaki H,
Hara M, Okada R, Tamura T, et al; J-MICC Study Group. Associations of
genome-wide polygenic risk score and risk factors with hypertension in
a Japanese population. Circ Genom Precis Med. 2022;15:¢003612. doi:
10.1161/CIRCGEN.121.003612

Ovretveit K, Ingestrom EML, Spitieris M, Tragante V, Wade KH, Thomas LF
Wolford BN, Wisloff U, Gudbjartsson DF, Holm H, et al. Polygenic risk scores
associate with blood pressure traits across the lifespan. Eur J Prev Cardiol.
2024;31:644-654. doi: 10.1093/eurjpc/zwad365

Kurniansyah N, Goodman MO, Kelly TN, Elfassy T, Wiggins KL, Bis JC,
Guo X, Palmas W, Taylor KD, Lin HJ, et al; NHLBI Trans-Omics in Preci-
sion Medicine (TOPMed) Consortium. A multi-ethnic polygenic risk score is
associated with hypertension prevalence and progression throughout adult-
hood. Nat Commun. 2022;13:3549. doi: 10.1038/s41467-022-31080-2
Yang ML, Xu C, Gupte T, Hoffmann TJ, Iribarren C, Zhou X, Ganesh SK. Sex-
specific genetic architecture of blood pressure. Nat Med. 2024;30:818-
828. doi: 10.1038/541591-024-02858-2

Heise L, Greene ME, Opper N, Stavropoulou M, Harper C, Nascimento M,
Zewdie D; Gender Equality Norms, Health Steering Committee. Gender
inequality and restrictive gender norms: framing the challenges to health.
Lancet. 2019;393:2440-2454. doi: 10.1016/S0140-6736(19)306562-X
Kauko A, Aittokallio J, Vaura F, Ji H, Ebinger JE, Niiranen T, Cheng S. Sex
differences in genetic risk for hypertension. Hypertension. 2021;78:11563-
1155. doi: 10.1161/HYPERTENSIONAHA.121.17796

Gouveia MH, Borda V, Leal TP, Moreira RG, Bergen AW, Kehdy FSG, Alvim |,
Aquino MM, Araujo GS, Araujo NM, et al. Origins, admixture dynamics, and
homogenization of the African gene pool in the Americas. Mol Biol Evol.
2020;37:1647-1656. doi: 10.1093/molbev/msaa033

Zaidi AA, Mathieson |. Demographic history mediates the effect of stratifica-
tion on polygenic scores. Elife. 2020;9:e61548. doi: 10.75654/eLife.61548
Tsuo K, Shi Z, Ge T,Mandla R, Hou K, Ding Y, Pasaniuc B, Wang Y, Martin AR.
All of us diversity and scale improve polygenic prediction contextually with
greatest improvements for under-represented populations. bioRxiv. Preprint
posted online August 6, 2024; doi: 10.1101/2024.08.06.606846
Adebamowo SN, Dareng EO, Famooto AO, Offiong R, Olaniyan O, Obende K,
Adebayo A, Ologun S, Alabi B, Achara P, et al; ACCME Research Group as
part of the H3Africa Consortium. Cohort profile: African collaborative center
for microbiome and genomics research’s (ACCME's) human papillomavirus
(HPV) and cervical cancer study. Int J Epidemiol. 2017;46:1745-1745. doi:
10.1093/ije/dyx050

Fatumo S, Mugisha J, Soremekun OS, Kalungi A, Mayanja R, Kintu C,
Makanga R, Kakande A, Abaasa A, Asiki G, et al. Uganda genome resource:
a rich research database for genomic studies of communicable and non-
communicable diseases in Africa. Cell Genom. 2022;2:100209. doi:
10.1016/j.xgen.2022.100209

Cooper R, Rotimi C, Ataman S, McGee D, Osotimehin B, Kadiri S, Muna W,
Kingue S, Fraser H, Forrester T, et al. The prevalence of hypertension in
seven populations of west African origin. Am J Public Health. 1997;87:160—
168. doi: 10.2105/ajph.87.2.160

Ramsay M, Crowther N, Tambo E, Agongo G, Baloyi V, Dikotope S,
Gomez-Olive X, Jaff N, Sorgho H, Wagner R, et al. H3Africa AWI-Gen col-
laborative centre: a resource to study the interplay between genomic and
environmental risk factors for cardiometabolic diseases in four sub-Saharan
African countries. Glob Health Epidemiol Genom. 2016;1:¢20. doi:
10.1017/gheg.2016.17

Evangelou E, Warren HR, Mosen-Ansorena D, Mifsud B, Pazoki R, Gao H,
Ntritsos G, Dimou N, Cabrera CP, Karaman |, et al; Million Veteran Pro-
gram. Genetic analysis of over 1 million people identifies 535 new loci
associated with blood pressure traits. Nat Genet. 2018;560:1412-1425. doi:
10.1038/541588-018-0205-x

Karczewski KJ, Gupta R, Kanai M, Lu W, Tsuo K, Wang Y, Walters RK,
Turley B, Callier S, Baya N, et al. Pan-UK Biobank GWAS improves dis-
covery, analysis of genetic architecture, and resolution into ancestry-
enriched effects. medRxiv. Preprint posted online March 15, 2024. doi:
10.1101/2024.03.13.24303864

Sakaue S, Kanai M, Tanigawa Y, Karjalainen J, Kurki M, Koshiba S,
Narita A, Konuma T, Yamamoto K, Akiyama M, et al; FinnGen. A cross-
population atlas of genetic associations for 220 human phenotypes. Nat
Genet 2021;53:1415-1424. doi: 10.1038/541588-021-0093 1-x

Nam K, Kim J, Lee S. Genome-wide study on 72,298 individuals in
Korean biobank data for 76 traits. Cell Genom. 2022;2:100189. doi:
10.1016/jxgen.2022.100189

June 2025 268



Onyenobi et al

50.

51.

52.

53.
54,

55.

56.

57

Circ Genom Precis Med. 2025;18:e005048. DOI: 10.1161/CIRCGEN.124.005048

Finer S, Martin HC, Khan A, Hunt KA, MacLaughlin B, Ahmed Z, Ashcroft R,
Durham C, MacArthur DG, McCarthy M|, et al. Cohort profile: East London
Genes & Health (ELGH), a community-based population genomics and
health study in British Bangladeshi and British Pakistani people. Int J Epide-
miol. 2020;49:20-21i. doi: 10.1093/ije/dyz174

Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ. Second-
generation PLINK: rising to the challenge of larger and richer datasets.
GigaScience. 2015;4:7. doi: 10.1186/s13742-015-0047-8

Willer CJ, Li Y, Abecasis GR. METAL: fast and efficient meta-analysis of
genomewide association scans. Bioinformatics. 2010;26:2190-2191. doi:
10.1093/bioinformatics/btq340

Choi SW, O'Reilly PF. PRSice-2: polygenic risk score software for biobank-
scale data. GigaScience. 2019;8:giz082. doi: 10.1093/gigascience/giz082
Prive F, Arbel J, Vilhjalmsson BJ. LDpred2: better, faster, stronger. Bioinfor-
matics. 2021;36:56424-5431. doi: 10.1093/bioinformatics/btaa1029
Vilhjalmsson BJ, Yang J, Finucane HK, Gusev A, Lindstrom S, Ripke S,
Genovese G, Loh PR, Bhatia G, Do R, et al; Schizophrenia Working Group
of the Psychiatric Genomics Consortium, Discovery, Biology, and Risk of
Inherited Variants in Breast Cancer (DRIVE) study. Modeling linkage dis-
equilibrium increases accuracy of polygenic risk scores. Am J Hum Genet.
2015;97:576-592. doi: 10.1016/j.ajhg.2015.09.001

Prive F, Arbel J, Aschard H, Vilhjalmsson BJ. Identifying and correcting for
misspecifications in GWAS summary statistics and polygenic scores. HGG
Adv2022;3:100136. doi: 10.1016/j.xhgg.2022.100136

Mak TSH, Porsch RM, Choi SW, Zhou X, Sham PC. Polygenic scores via
penalized regression on summary statistics. Genet Epidemiol. 2017;41:469—
480. doi: 10.1002/gepi.22050

58.

59.

60.

61.

62.

63.

Polygenic Risk Scores for BP Traits in Africans

Ge T, Chen CY, Ni 'Y, Feng YA, Smoller JW. Polygenic prediction via Bayesian
regression and continuous shrinkage priors. Nat Commun. 2019;10:1776.
doi: 10.1038/541467-019-09718-5

Zheng Z, Liu S, Sidorenko J, Wang Y, Lin T, Yengo L, Turley P, Ani A, Wang R,
Nolte IM, et al; LifeLines Cohort Study. Leveraging functional genomic anno-
tations and genome coverage to improve polygenic prediction of complex
traits within and between ancestries. Nat Genet 2024;56:767-777. doi:
10.1038/5415688-024-01704-y

Lloyd-Jones LR, Zeng J, Sidorenko J, Yengo L, Moser G, Kemper KE, Wang H,
Zheng Z, Magi R, Esko T, et al. Improved polygenic prediction by Bayesian
multiple regression on summary statistics. Nat Commun. 2019;10:5086.
doi: 10.1038/s41467-019-12653-0

Lee SH, Goddard ME, Wray NR, Visscher PM. A better coefficient of deter-
mination for genetic profile analysis. Genet Epidemiol. 2012;36:214-224.
doi: 10.1002/gepi21614

Paz MA, de-La-Sierra A, Saez M, Barcelo MA, Rodriguez JJ,
Castro S, Lagaron C, Garrido JM, Vera P, Coll-de-Tuero G. Treatment effi-
cacy of anti-hypertensive drugs in monotherapy or combination: ATOM
systematic review and meta-analysis of randomized clinical trials accord-
ing to PRISMA statement. Medicine (Baltim). 2016;95:¢4071. doi:
10.1097/MD.000000000000407 1

Warren HR, Evangelou E, Cabrera CP, Gao H, Ren M, Mifsud B,
Ntalla I, Surendran P, Liu C, Cook JP, et al; International Consortium
of Blood Pressure (ICBP) 1000G Analyses. Genome-wide associa-
tion analysis identifies novel blood pressure loci and offers biological
insights into cardiovascular risk. Nat Genet. 2017;49:403-415. doi:
10.1038/ng.3768

June 2025 269



