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Abstract

Hypertension is a leading risk factor for cardiovascular disease and is modulated
by genetic variants. This study aimed to assess the effect of obesity genetic liability
and physical activity on hypertension among European and African ancestry in-
dividuals within the UK Biobank (UKB). Participants were 230115 individuals of
European ancestry and 3239 individuals of African ancestry from UKB. Genetic
liability for obesity were estimated using previously published data including ge-
netic variants and effect sizes for body mass index (BMI), waist-hip ratio (WHR)
and waist circumference (WC) using Plink software. The outcome was defined as
stage 2 hypertension (systolic blood pressure>140 mmHg, diastolic blood pres-
sure 290 mmHg, or the use of anti-hypertensive medications). The association be-
tween obesity genetic liability and the outcome was assessed across categories of
self-reported physical activity using logistic regression. Among European ances-
try participants, there was up to a 1.2 greater odds of hypertension in individuals
with high genetic liability and low physical activity compared to individuals with
low genetic liability and high physical activity (p <0.001). In individuals engaging
in low levels of physical activity compared with moderate/high physical activity,
the effect of BMI genetic liability on hypertension was greater (P iyteraction = 0-04).
There was no evidence of an association between obesity genetic liability and
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1 | INTRODUCTION

Hypertension is a major worldwide health challenge, ac-
counting for an estimated 10.4 million deaths annually.'
Approximately 1.3 billion adults suffered from hyper-
tension in 2019 (World Health Organization, 2023). An
estimated 31% of European ancestry adults suffer from
hypertension, with only 49% of the hypertensive cases
having their hypertension under control.” The prevalence
of hypertension (45%) is higher in African ancestry adults,
with effective control being less prevalent (39% of hyper-
tension cases).’

A number of factors are associated with hypertension
risk including obesity,*” lifestyle behaviors such as phys-
ical inactivity,"® and genetics.'® Obesity increases hyper-
tension,'®"" while physical activity, such as aerobic and
resistance exercise, effectively reduces hypertension.®'2
There is evidence that physical activity and obesity in-
teracts in modifying the risk of hypertension. For exam-
ple, self-reported physical activity reduced the effect of
obesity on hypertension risk by 37% in a cohort study of
13715 Australian women."® A similar result has also been
demonstrated among men.'* Therefore, evidence suggests
that physical activity may reduce the effect that obesity
has on hypertension.

A genetic susceptibility is recognized for hyperten-
sion as numerous genetic factors are linked to high blood
pressure.’”> For example, obesity genetic liability has an
increasing effect on hypertension'® and improves perfor-
mance of hypertension prediction models.'®*” A combi-
nation of physical activity and low obesity genetic liability
reduces obesity,"®® but it is unclear if physical activity
affects the relationship between obesity genetic liability
and hypertension. Understanding the interplay between
these different factors (i.e. obesity, physical activity, and
genetic factors) in relation to hypertension risk will fur-
ther knowledge in relation to potential diagnostic and in-
tervention targets for promoting public health. The aim of
this study, therefore, was to investigate the effect of obesity
genetic liability on hypertension across different levels of

hypertension in individuals of African ancestry in the whole sample or within
separate physical activity groups (p > 0.05). This study suggests that higher physi-
cal activity levels are associated with lower odds of stage 2 hypertension among
European ancestry individuals who carry high genetic liability for obesity. This
cannot be inferred for individuals of African ancestry, possibly due to the low
African ancestry sample size within the UKB.

African, European, genetic risk, hypertension, obesity, physical activity

physical activity within European and African ancestry
samples of the UK Biobank (UKB).

2 | METHODS

2.1 | Ethical approval

The UKB obtained ethical approval from the North West
Multi-centre Research Ethics Committee as a Research
Tissue Bank approval. All participants gave informed con-
sent. This research is performed using UKB data under ap-
plication number 60549. Ethical approval for the current
analysis to work on secondary data from the UKB was ob-
tained from Brunel University London's College of Health,
Medicine and Life Sciences Research Ethics Committee
(reference 27 684-LR-Jan/2021-29901-1).

2.2 | Study population

The UKB is a large population-based cohort study estab-
lished in 2006 to enable comprehensive investigations of ge-
netic, environmental and lifestyle determinants of health,
morbidity, and mortality. The study includes >500000 par-
ticipants who live in the United Kingdom aged between 40
and 69years at the time of recruitment.”

2.3 | Genotyping and imputation

DNA extraction and genotyping were undertaken by the
UKB. Detailed information regarding genotyping and
imputation has been provided elsewhere.”’ > In brief,
participant blood samples were collected at the UKB
assessment centre and genetic data of 488377 partici-
pants was extracted. The first batch of the participants
(n=49950) were genotyped using a comparable Applied
Biosystems™ (UK BiLEVE Axiom™ Array by Affymetrix)
consisting of 807411 markers. The remainder of the
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samples (n=438427) were genotyped using an Applied
Biosystems™ (UKB Axiom™ Array) including 825927
markers designed to capture short insertions and deletions
(indels) and Single Nucleotide Polymorphisms (SNPs).*!

To maximize the use of haplotypes with British and
European ancestry for imputation, genotype imputa-
tion used three reference panels (Haplotype Reference
Consortium, UK10K, and 1000 Genomes phase 3).
Genotype imputation was performed by the UKB using
the IMPUTE 4 programme. Genetic principal components
were computed by the UKB to account for population
stratification.

2.4 | Sample for analysis

The current study was performed using two subsets of
unrelated individuals of European and African ancestry
within the UKB. Participants were excluded (Figure S1) if
they had withdrawn consent from UKB (n=80). Genetic
data were available for 488377 individuals. After merg-
ing genetic and phenotype data, 487206 individuals re-
mained. Participants who were first- and second-degree
relatives (kinship coefficient threshold <0.1768) for at
least one other UKB participant (n=26124) were ex-
cluded. Participants were also excluded if (1) they self-
reported to be of non-European and non-African ancestry
(n=19743), (2) their self-reported sex did not match their
genetic sex (n=330), and (3) they were pregnant or un-
sure of their pregnancy status at baseline (n=567). In
addition, participants who did not declare their smoking
status (n=238), or participants with missing data in their
pack-years of smoking (n=67115), and current or previous
smokers (n=1065) for whom zero pack-years of smoking
was calculated, were excluded. This could have occurred
due to missing values in (1) the age of smoking initiation
or cessation, or (2) the number of cigarettes they smoked
per day.

This study further excluded 13907 individuals who
were unsure about their dietary intake of fish, meat, fruits
or vegetables and 77792 individuals with missing data
in the main study covariates (see below in Assessment
of covariates). In addition, participants who (1) used
cholesterol-lowering medication (n=46679), (2) whose
self-reported ancestry did not match their genetic ances-
try (n=173), or (3) did not declare drinking status (n=98)
were also excluded. The sample was then divided into
European (n=230136) and African (n=3239) ancestry
subsets using self-reported ethnicity data. Participants
who withdrew their consent after the analysis was com-
pleted were also excluded from the European sample
(n=21) and the results were adjusted. The final European
sample used in the analysis was 230115 (Figure S1).

2.5 | Phenotypic data

Following informed consent, a broad selection of pheno-
typic information was collected during baseline assess-
ment in the UKB (the first visit for each participant, which
took place between 2006 and 2010). Data were collected
from answers provided during interviews and using touch-
screen questionnaires. This included socio-demographic,
health and lifestyle-related information. Participants also
completed a range of physical and anthropometric meas-
urements during the baseline assessment. They provided
saliva, urine, and blood samples, which were used for var-
ious proteomic, genetic and metabolomic analyses.*

2.6 | Blood pressure and definition of
hypertension

During the baseline assessment in the UKB, two auto-
mated or manual systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) readings were taken after 2 min
rest. An Omron HEM 7015-T automated digital blood
pressure device was used for reading the automated blood
pressure data. The measurements were taken with an ap-
propriately sized cuff on each participant's left upper arm
(the right arm was used where it was not practical to use
the left arm). A manual sphygmomanometer was used to
measure blood pressure manually in instances where the
automated blood pressure device could not be used. All
blood pressure values were measured in mmHg. These
baseline measures were used to determine prevalent hy-
pertension cases in the present study. This included av-
eraging the SBP and DBP readings. For participants with
one manual and one automated reading, the average
SBP and DBP were calculated using those values only.
This approach aligns with methods used in our previous
publications.®® To minimize the effects of blood pressure
medication on the study outcomes, participants on blood
pressure-lowering medications (n=91785) had 15 and
10mmHg added to their average SBP and DBP readings,
respectively.?® Stage 2 hypertension was defined in line
with the American Heart Association guidelines, that is,
SBP >140 or DBP >90mmHg.”’ In addition, participants
using antihypertensive medication were considered as
stage 2 hypertensive.

2.7 | Physical activity categories

Within the UKB, an adapted version of the short
International Physical Activity Questionnaire (IPAQ) was
used to assess physical activity.® Information on the fre-
quency and duration of walking, moderate and vigorous
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physical activity was collected. Cassidy and colleagues®
used the IPAQ data processing guidelines to produce the
Metabolic Equivalent of Task (MET) minutes per week
of physical activity by multiplying the duration of walk-
ing, moderate and vigorous physical activity by 3.3, 4.0
and 8.0 METs, respectively. These were summed to pro-
vide total physical activity in MET min/week.*® The data
were returned to the UKB by Cassidy and colleagues,*
which were used in the present study to categorize physi-
cal activity into' low (total physical activity <600 MET-
min/week) and” moderate (=600 MET-min/week) or high
(23000 MET-min/week) physical activity.*® We grouped
moderate and high physical activity together as the World
Health Organization recommends engaging in moderate
or high physical activity to gain health benefits.*'

2.8 | Assessment of covariates

Covariates were selected based on established risk factors
for cardiovascular disease. These covariates align with
those commonly utilized in previous related studies.”
Participants were asked to select their daily quantity of
dietary consumption of vegetables (cooked and raw), fruit
(fresh and dried), oily fish and meat (processed and unpro-
cessed, including poultry, lamb, and pork).

Smoking status in the UKB was assessed using a self-
reported question categorizing smoking status into current,
past, and never smoking. Pack-years of smoking was avail-
able for European (n=230115) and African (n=3239) an-
cestry samples. Pack-years of smoking was assessed as the
number of cigarettes smoked per day divided by twenty (as
the average pack size), multiplied by the number of years
smoking.** The number of years smoking was calculated by
subtracting the age at which the participant started smoking
from the age they stopped smoking. In this study, current
or previous smokers with any values in their Pack-years of
smoking were categorized as smokers. Never smokers were
considered as participants who reported never smoked and
had zero values in Pack-years of smoking.

Additional covariates for the analysis included self-
reported alcohol intake status (current, past and non-
drinkers) and low-density lipoprotein (LDL) cholesterol
measured by enzymatic protective selection analysis on a
Beckman Coulter AU5800. Further details of quality con-
trol and sample preparation for the UKB biomarker data
have been published previously.*

2.9 | Obesity genetic liability

In the current study, obesity genetic liability was gen-
erated using previously reported genetic variants for

European and African ancestry individuals. These vari-
ants were associated with body mass index (BMI),3*33
waist-hip ratio (WHR),>®* or waist circumference
(WC).***7 Within the European ancestry sample, a list
of 155 SNPs with their weights (p-coefficients) from a
GWAS performed by Winkler and colleagues® was used
to estimate the BMI genetic liability. p-coefficients for
WHR SNPs (n=27) and WC SNPs (n=41) were obtained
from Shungin and colleagues®® and were used to estimate
WHR and WC genetic liabilities. To estimate BMI ge-
netic liability for individuals of African ancestry, a list of
seven SNPs with p-coefficients from Ng and colleagues™
was used. To estimate WHR and WC genetic liability in
African ancestry, a list of three WHR and two WC SNPs
with f-coefficients were used from previously published
GWAS of WHR and WC in this population group.’’

As part of the SNP selection process, linkage disequi-
librium (LD) pruning was performed on the final list of
SNPs using UKB individual-level data. Consequently,
SNPs that (1) did not reach a GWAS significance thresh-
old of p<5x107%, (2) had Minor allele frequency <0.01,
and (3) were dependent to other SNPs as demonstrated
by linkage disequilibrium (LD) parameter (R*>0.1), were
excluded. The final list of SNPs used in the analyses are
presented in Tables S1 and S2.

Using Plink v1.9,%® genetic liabilities were calculated
using the Plink function that automatically multiplies pre-
viously estimated effects of each genetic variant on obe-
sity phenotype (i.e. BMI, WHR, and WC) by the number of
risk alleles carried by each UKB participant on the respec-
tive SNPs associated with each phenotype. Consequently,
Plink sums the products across all SNPs to produce overall
weighted genetic liability for BMI, WHR and WC for each
participant. The base package in R was used to standardize
the genetic liabilities for each participant by subtracting
the average genetic liability within the sample from the
participant's genetic liability. The resulting score was di-
vided by standard deviation of the genetic liability within
the sample.

2.10 | Data presentation and
statistical analysis

To identify genetic distance of the participants (measure
of the genetic differences between individuals), a cluster
analysis was conducted using the K-means algorithm.*
The K-means algorithm requires a parameter specifying
the number of clusters (K).** A ‘K’ value of seven was
assigned according to the number of categories within
the UKB self-reported phenotypic variable, ethnic back-
ground (Table S3). The genetically derived clusters were
compared with the self-reported ancestries to identify
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participants whose self-reported ancestry did not match
with the genetically derived ancestry.

Logistic regression was used to estimate the odds of stage
2 hypertension per unit increase in the ancestry-specific de-
rived standardized obesity genetic liability (BMI, WHR, and
WC). The crude odd ratios (ORs), minimally adjusted ORs
(adjusted for age and sex), and fully adjusted ORs (adjusted
for age, sex, daily alcohol intake, pack-years of smoking,
daily fruit and vegetable intake, meat intake, fish intake,
and LDL cholesterol) were calculated. This was estimated
for the whole sample and within separate physical activity
categories (low and moderate/high). The combined effect of
obesity genetic liability and physical activity was examined
by comparing the odds of stage 2 hypertension in each com-
bined category with the reference group (low genetic liabil-
ity and moderate/high physical activity).

For genetic liabilities that demonstrated a statistically
significant association with stage 2 hypertension within
the whole sample, an interaction test was performed to
identify if physical activity group modified the effect of ge-
netic liability on stage 2 hypertension. A sensitivity analy-
sis was performed using European ancestry-derived SNPs
in the African ancestry sample. Missing variables (covari-
ates) were imputed to minimize missing data within the
smaller African ancestry sample size. Multiple Imputation
by Chained Equation (MICE) package v3.13.0 in R was
used to create multiple predictions for each missing value
(LDL cholesterol, pack years of smoking, and IPAQ phys-
ical activity group).*’ The threshold for missingness was
<5% for each row. Predictor variables (age, sex, smoking
status, alcohol intake, insomnia, education, genetic prin-
cipal components, current employment, fruit and vegeta-
ble intake) were selected based on their relevance to the
research question and availability in the dataset. Ten iter-
ations of the MICE algorithm were performed. Analysis
for sub-groups of physical activity were repeated using the
imputed data. The post imputation sample size that was
used for sensitivity analysis included 4942 African ances-
try participants. Statistical significance was accepted if the
type 1 error (p-value) was below 0.05. All statistical analy-
ses were implemented in R v4.0.0.**

3 | RESULTS

3.1 | European ancestry results

This study included 230115 European ancestry partici-
pants from the UKB (Table 1; Table S4). The prevalence of
hypertension differed significantly between the low physi-
cal activity group (46.5%) and the moderate/high physical
activity group (45.70%). Participants with low physical ac-
tivity had a significantly higher BMI (mean =28.0kg/m?;

SD =5.19) compared to the moderate/high physical activ-
ity group (mean =26.6kg/m* SD =4.35).

Table 2 shows the effect of obesity genetic liability, as a
continuous variable, on the odds of stage 2 hypertension
within the whole sample and across categories of physi-
cal activity. For the whole sample, each unit increase in
the standardized obesity genetic liabilities for BMI (fully
adjusted OR=1.05, 95% CI=1.04-1.06), WHR (fully ad-
justed OR=1.04, 95% CI=1.03-1.04) and WC (fully ad-
justed OR=1.04, 95% CI=1.03-1.05) were associated with
an increased odds of hypertension in the minimally and
fully adjusted models (Table 2).

Within the low physical activity group, each unit increase
in the standardized obesity genetic liabilities for BMI (fully
adjusted OR=1.08, 95% CI=1.06-1.10), WHR (fully ad-
justed OR=1.05,95% CI=1.03-1.07) and WC (fully adjusted
OR=1.06, 95% CI=1.03-1.08) was also associated with in-
creased odds of hypertension in unadjusted, minimally and
fully adjusted models. Similar results was also observed in
the models for the moderate/high physical activity sub-
groups; fully adjusted OR's were 1.05 (95% CI=1.04-1.06)
for BMI, 1.03 (95% CI=1.02-1.04) for WHR and 1.04 (95%
CI=1.03-1.05) for WC (Table 2).

A statistically significant interaction effect was ob-
served with physical activity attenuating the association
between BMI genetic liability and hypertension across all
models within the whole sample (Table 2). This interac-
tion was not statistically significant for WHR or WC obe-
sity genetic liability.

Compared to participants with a combination of mod-
erate/high physical activity and low BMI genetic liability
(Table 3), the odds of stage 2 hypertension were signifi-
cantly increased in participants with a combination of
low physical activity and high BMI obesity genetic liabil-
ity. The largest odds of stage 2 hypertension was observed
among participants with a combination of low physical
activity and high BMI obesity genetic liability. A similar
pattern was also observed in the WHR and WC genetic
liabilities, with the largest odds of stage 2 hypertension
observed among participants with low physical activity
and high obesity (WHR and WC) genetic liability.

3.2 | African ancestry results

Within the African ancestry sample, 3239 participants
were included (Table 1; Table S4). There was no signifi-
cant difference between the low and moderate/high phys-
ical activity sample in terms of prevalence of hypertension
(p=0.34). Body mass index in the low physical activity
group (29.7kg/m?* SD = 5.57) was higher than in the mod-
erate/high physical activity group (29.2kg/m? SD=5.11;
p=3.12x1072).
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TABLE 1 Baseline characteristics of the study sample.

African European
Physical activity level p-Value for Physical activity level p-Value for
difference in differences
Moderate/ physical activity Low Moderate/High in physical
Characteristics Low (n=700) High (n=2539) level* (n=41604) (n=188511) activity level*
Age (Years)
Mean (SD) 49.7(7.2) 50.9 (7.5) <0.001 54.9(7.7) 55.5(8.1) <0.001
Median [Min, Max]  49.0 [40, 70] 49.0 [40, 70] 55.0 [40, 70] 56.0 [38, 73]
Sex
Female, n (%) 419 (59.9%) 1540 (60.7%) 0.74 23099 (55.5%) 105178 (55.8%) 0.31
Male, n (%) 281 (40.1%) 999 (39.3%) 18505 (44.5%) 83333 (44.2%)
Stage 2 hypertension cases®
No, n (%) 353 (50.4%) 1226 (48.3%) 0.34 22261(53.5%) 102314 (54.3%) 4.51%x1073
Yes, n (%) 347 (49.6%) 1313 (51.7%) 19343 (46.5%) 86197 (45.7%)
LDL cholesterol (mmol/L)
Mean (SD) 3.32(0.8) 3.35(0.8) 0.38 3.75(0.8) 3.71(0.8) <0.001
Median [Min, Max| 3.29[1.29, 5.90] 3.28[0.85, 7.08] 3.71 [0.80,7.84]  3.66 [0.27,9.74]
Smoking status
Non-smoker, n (%) 568 (81.1%) 2052 (80.8%) 0.89 26892 (64.6%) 125668 (66.7%) <0.001
Smoker, 1 (%) 132 (18.9%) 487 (19.2%) 14712 (35.4%) 62843 (33.3%)
Systolic blood pressure (mmHg)
Mean (SD) 139 (21) 140 (21) 0.08 138 (20) 139 (20) <0.001
Median [Min, Max] 136 [91, 236] 138 [98, 255] 136 [72, 253] 137 [80, 268]
Diastolic blood pressure (mmHg)
Mean (SD) 87 (13) 87 (12) 0.84 84 (11) 83 (11) <0.001
Median [Min, Max] 86 [54, 126] 86 [54, 134] 84 [46, 144] 83 [42, 148]
Takes blood pressure lowering medication
No, n (%) 538 (76.9%) 1958 (77.1%) 0.93 36132 (86.8%) 167574 (88.9%) <0.001
Yes, n (%) 162 (23.1%) 581 (22.9%) 5472 (13.2%) 20937 (11.1%)
Alcohol status
Never, n (%) 133 (19.0%) 398 (15.7%) 0.11 1424 (3.4%) 5659 (3.0%) <0.001
Previous, 1 (%) 34 (4.9%) 122 (4.8%) 1472 (3.5%) 5691 (3.0%)
Current, n (%) 533 (76.1%) 2019 (79.5%) 38708 (93.0%) 177161 (94.0%)
Daily fruit and vegetable intake
Mean (SD) 7.5(5.13) 9.3 (6.75) <0.001 6.8 (3.96) 8.2 (4.56) <0.001
Median [Min, Max] 6.0 [0, 44] 8.0 [0, 72] 6.0 [0, 80] 7.0 [0, 130]
Oily fish intake
Mean (SD) 1.8 (0.98) 2.0 (1.01) <0.001 1.5(0.88) 1.7 (0.92) <0.001
Median [Min, Max] 2.0 [0, 5] 2.0 [0, 5] 1.0 [0, 5] 2.0 [0, 5]
Meat intake
Mean (SD) 8.1(2.98) 8.0 (3.24) 0.18 8.0 (2.66) 7.8 (2.83) <0.001
Median [Min, Max] 8 [0, 19] 8.0 [0, 25] 8.0 [0, 20] 8.0 [0, 25]
BMI (kg/m?)
Mean (SD) 29.7 (5.57) 29.2(5.11) 0.03 28.0(5.19) 26.6 (4.35) <0.001
Median [Min, Max] 28.8 [18.90, 28.5[17.70, 27.2[13.60,65]  26.0[12.10, 66.20]
59.50] 68.10]

Abbreviation: LDL, low-density lipoprotein.

ASystolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg.

*p-value is provided for the difference in physical activity level. Statistical analysis were performed using the chi-squared test for categorical variables and

ANOVA for numerical variables.
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None of the obesity genetic liabilities were significantly
associated with hypertension within the whole sample or
within any of the physical activity level groups (Table 4).
Similar results were identified in the sensitivity analysis,
where the odds of stage 2 hypertension in the African
sample was examined using European ancestry-derived
SNPs (Table S5). To estimate if this was due to missing
data and a smaller African sample size, a regression analy-
sis was performed following the imputation of the missing
variables (covariates). This did not change the outcomes,
with none of the obesity genetic liabilities being associ-
ated with the odds of hypertension across different cate-
gories of physical activity (p > 0.05) (Table S6).

4 | DISCUSSION

The main findings of this study were that (1) high obesity
genetic liability increases the odds of hypertension, and
(2) physical activity could attenuate the increased likeli-
hood of hypertension caused by high BMI genetic liability,
in European ancestry individuals.

The combined effect of obesity and physical activ-
ity on the prevalence and risk of hypertension has been
investigated in non-genetic based studies. Jackson and
colleagues™ reported that the risk of hypertension was
37% higher in healthy weight inactive Australian women
compared with healthy weight highly active women. In
a Chinese population, participants with obesity and low
levels of self-reported physical activity had a higher risk
of hypertension compared with participants with normal
weight and high physical activity levels.** Stenehjem and
colleagues' reported a 50% higher risk in obese men with
low physical activity levels compared to a combination of
normal weight and high physical activity levels. However,
these studies did not consider the life course effect of ge-
netic predisposition to obesity in their analysis.'**** The
present study focused on obesity genetic liabilities, rather
than phenotypes, which has the potential to identify the
risk of hypertension early in the life course and enable
investigation of the influence of physical activity in indi-
viduals with different genetic predispositions to adiposity.
The findings in the current study imply that interventions
targeting physical activity could be beneficial in reducing
the odds of hypertension in individuals who are geneti-
cally predisposed to obesity. Among individuals who are
not genetically predisposed to obesity, physical activity
does not appear to be associated with the odds of hyper-
tension, meaning interventions may be less effective in
these populations. These findings have significant impor-
tance for informing population groups that may benefit
most from physical activity with respect to obesity genetic
liability and prevalence of hypertension.

In European ancestry participants, combinations of
moderate or high obesity genetic liability and low physical
activity were associated with an increased odds of hyper-
tension compared with the reference group (low genetic
liability and moderate/high physical activity). The effect of
the different combinations of obesity genetic liability and
low physical activity on hypertension were smaller in the
current study compared with previous research that fo-
cused on the association of obesity phenotype and physical
activity.">'** The use of genetic liability in the preset study,
as opposed to obesity phenotype, extends knowledge in the
field of genomics by demonstrating the complex interplay
between gene and environmental factors in determining
susceptibility to hypertension. The findings from the pres-
ent study could inform public health policy in the sense
that they show how varied effects of physical activity can
impact the relationship between genetics and hyperten-
sion. As higher physical activity levels appeared to have a
greater protective effect in individuals with increased obe-
sity (BMI) genetic risk, future research and public health
policy could consider the hypertension-related benefits of
physical activity interventions targeting genetically high-
risk groups, rather than the whole population.

Genetic predisposition to obesity was not associated
with hypertension among African ancestry participants.
Previous studies in African ancestry populations have re-
vealed no association between obesity genotype and hy-
pertension.'” Shi and colleagues'’ used European specific
BMI genetic liability to investigate its association with hy-
pertension in a small African sample (n=369), and found
no association. These results are unexpected as there is
evidence that both obesity” and low physical activity** are
associated with the prevalence of hypertension in African
ancestry individuals. The lack of an association between
African ancestry-specific genetic liability and hyperten-
sion in the present study could be due to an insufficient
sample size. The African ancestry subset of the UKB used
in the primary (n=3239) and sensitivity analysis follow-
ing the imputation of missing data (n =4249) was smaller
compared with the European sample, meaning reduced
power. In addition, the low number of SNPs identified
within the African ancestry data could explain the lack of
association, as estimating genetic liability with low SNP
numbers can compromise prediction accuracy.45 Future
studies with larger sample sizes are needed to assess the
combined effects of obesity genetic liability and physical
activity on the odds of hypertension among African an-
cestry individuals. There are also differences in fat dis-
tribution in African ancestry individuals compared with
European ancestry individuals. For example, body fat
mass is lower and lean muscle mass is higher in African
ancestry individuals compared with European ancestry
individuals when compared at the same BMIL* These
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differences in body composition could affect the associa-
tions of obesity genetic liability with hypertension across
the European and African ancestry samples. It was not
possible to explore the influence of fat and lean muscle
mass in the present study due to an insufficient African
ancestry sample to undertake subgroup analyses accord-
ing to these variables. Future larger studies should in-
vestigate the potential influence of muscle and fat mass
distribution when investigating genetic and environmen-
tal factors linked to hypertension across different ancestry
populations.

The present study has several strengths, including the
large European ancestry sample size providing statistical
power for physical activity subgroup analyses. The wide
array of relevant covariates collected by the UKB enabled
adjustments for potential confounding factors, thereby fa-
cilitating a more accurate estimation of the likelihood of
hypertension. In addition, the analysis was performed in a
sample of generally healthy men and women from the UK
population,*” which enables generalization of the results
and can inform public health programs for healthy popu-
lations. The novel approach to investigating the combined
effect of obesity genetic liability and physical activity on
the odds of prevalent hypertension advances the body of
knowledge by informing potential preventive strategies
according to individuals’ genetic predisposition.

A potential limitation of the study is that African
populations are both diverse*® and their genetic data
relatively understudied in terms of genomics research.
Thus, the ability to accurately assess genetic liability
may be limited compared with European ancestry pop-
ulations. Furthermore, the use of genetic liability pro-
vides a life course insight and typically explains small
variation in outcomes.* Another limitation is that phys-
ical activity was assessed via self-report, which generally
overestimates physical activity levels.”® Accelerometry
data are available for only a small number of African
ancestry individuals in the UKB (n=394) who would be
eligible for analysis in the present study. Further stud-
ies using device measures of physical activity could pro-
duce a more accurate estimate of the combined effect of
physical activity and obesity genetic liability on hyper-
tension prevalence.

5 | CONCLUSION

The findings of this study demonstrate that increasing
obesity genetic liability is associated with hypertension
prevalence. Higher levels of physical activity attenuate
the increased odds of stage 2 hypertension associated
with obesity genetic liability in individuals of European
ancestry. Physical activity interventions, may, therefore

Wl LEY 11 0f 13

be important in individuals who have a genetic tendency
to becoming overweight and obese. Obesity genetic liabil-
ity and physical activity did not appear to be associated
with hypertension within the African ancestry sample of
the UKB. Further research with larger samples of African
ancestry participants is needed to better understand the
role of obesity genetic liability and physical activity in the
context hypertension risk in this population group.
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