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Abstract

Objective: This study examines the individual and combined association of BMI
and waist-to-hip ratio (WHR) with CVD risk using genetic scores of the obesity
measurements as proxies.

Design: A 2 X 2 factorial analysis approach was applied, with participants divided
into four groups of lifetime exposure to low BMI and WHR, high BMI, high WHR,
and high BMI and WHR based on weighted genetic risk scores. The difference in
CVD risk across groups was evaluated using multivariable logistic regression.
Setting: Cohort study.

Participants: A total of 408 003 participants were included from the prospective
observational UK Biobank study.

Results: A total of 58 429 CVD events were recorded. Compared to the low BMI and
WHR genetic scores group, higher BMI or higher WHR genetic scores were asso-
ciated with an increase in CVD risk (high WHR: OR, 1-07; 95 % CI (1-04, 1-10)); high
BMI: OR, 1-12; 95 % CI (1-09, 1-16). A weak additive effect on CVD risk was found
between BMI and WHR (high BMI and WHR: OR, 1-16; 95% CI (1-12, 1-19)).
Subgroup analysis showed similar patterns between different sex, age (<65,
>065 years old), smoking status, Townsend deprivation index, fasting glucose level
and medication uses, but lower systolic blood pressure was associated with higher
CVD risk in obese participants.

Conclusions: High BMI and WHR were associated with increased CVD risk, and their
effects are weakly additive. Even though there were overlapping of effect, both BMI
and WHR are important in assessing the CVD risk in the general population.
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The worldwide prevalence of obesity is increasing rapidly.
It has nearly tripled since 1975, and in 2016, there were
more than 1.9 billion overweight or obese adults glob-
ally'?. Given that obesity is one of the known risk factors
associated with adverse health outcomes, such as CVD and
mortality®, it is crucial to examine the individual and/or
combined effects of using different measurements in the
assessment of obesity-associated CVD risks.
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BMI is the most common measure of the weight status of
an individual. It is also the recommended measurement for
determining CVD risks according to current guidelines on
obesity management by the American College of
Cardiology and the American Heart Association in
2013Y, Hence, previous studies have predominantly inves-
tigated the causal relationship between obesity and CVD
risks using BMI®>®, However, a previous study showed
that patients who were defined as overweight by BMI might
surprisingly have lower mortality rate than normally
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Lifetime exposure to higher BMI and WHR and CVD risks

weighted patients®. Thus, waist-to-hip ratio (WHR), which
focuses on abdominal adiposity and distribution of body
fat, has then been suggested as an alternative measurement
for assessing obesity-associated CVD risks"*'V. Significant
correlation between WHR and CVD risks has been sup-
ported in recent studies'>'®. Nevertheless, there is still
debate on the preferred measurement for determining
the association between obesity and CVD risks'®. More
importantly, it is uncertain whether there are any additive
effects or interactions on CVD risks if both BMI and WHR
are used. A large study composed of 221 934 patients in
seventeen countries claimed that the measurement of both
BMI and WHR offered similar effects on CVD risks predic-
tion when used in combination®; but studies are yet to
identify any incremental effects of measuring WHR, on
top of BMI, on CVD risk¢17,

Given the increased availability of genetic studies, such
as genome-wide association studies, there is increasing evi-
dence of the contribution of genetics to the variation of BMI
and WHR. Studies on twins and families have shown that
obesity is highly heritable, suggesting that 30-70 % of varia-
tion in body size is due to genetic factors"®2?. Genetic risk
score is one of the approaches to summarise the genetic
effects of multiple risk genes on a given trait.
Traditionally, observational studies measure BMI and
WHR at a limited follow-up period and are prone to
unmeasured confounders and measurement errors®-
112D Using genetic risk scores as proxies, the long-term
effects of increased BMI or WHR, which are infeasible to
be measured in randomised controlled trials, can be
estimated.

Therefore, the aim of this study is to determine the indi-
vidual and/or combinational effects of BMI and WHR
genetic scores associated with CVD risks. Understanding
the association between BMI/WHR and CVD risk can
inform the practices in obesity management.

Method

Study population

The UK Biobank is an ongoing prospective cohort study
that collects phenotypic and genetic data from around
500 000 participants across the United Kingdom.
Participants were recruited between 2006 and 2010 and
consisted of mostly people of European ancestry. Details
of the study protocol have been described elsewhere?%%3,
Participants with available genetic data and of self-reported
and genetically validated White British ancestry were
included in our analysis. Participants with missing genotyp-
ing rates >1%, who had sex aneuploidy and genetic sex
discordance, or who were related to at least one individual
(kinship index > 0-088) were excluded.
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Instruments of randomisation

The BMI genetic score was constructed by a total of 670
genetic variants associated with BMI at genome-wide sig-
nificance (P < 5-0 X 10) and in low linkage disequilibrium,
as reported by a previous genome-wide association study
in the Genetic Investigation of Anthropometric Traits
(GIANT) Consortium®®. The exposure allele was defined
as the allele associated with higher BMI. A weighted genetic
score was calculated for each participant in the UK Biobank
from the total number of BMI-increasing alleles in the par-
ticipant’s genotype, weighted by the genome-wide associ-
ation study-reported association of each genetic variant
with BMI/kg/m?. Similarly, weighted WHR genetic score
was constructed using a total of 316 genetic variants asso-
ciated with WHR at genome-wide significance and in low
linkage disequilibrium. Participants with missing data for
one or more variants in either genetic score were excluded.

Outcomes

Primary outcome was the occurrence of CVD event, which
was defined by International Classification of Diseases
(ICD) 9 and 10, and UK Biobank self-reported outcomes
(see online Supplemental Table 1). CVD mortality and six-
teen cardiovascular conditions were also examined as sec-
ondary outcomes. The sixteen cardiovascular conditions
include IHD and its subtypes (myocardial infarction, ST
elevation myocardial infarction and non-ST elevation myo-
cardial infarction, stable angina and unstable angina),
stroke and its subtypes (ischemic stroke, intracerebral hae-
morrhage and subarachnoid haemorrhage), heart failure,
transient ischemic attack, peripheral vascular disease,
arrhythmia and conduction disorder (including atrial fibril-
lation), pulmonary embolism and deep vein thrombosis.
Leukaemia was used as a negative control. All the out-
comes were presented and processed as binary outcomes
and retrieved from UK Biobank on 14 November 2020.

Study design

This study adopted a 2 X 2 factorial analysis, in which each
dimension was the genetic score dichotomised by its
median. The four resultant groups were groups with: (1)
low BMI and WHR (reference group); (2) high BMI; (3) high
WHR; and (4) high BMI and WHR genetic scores (Fig. 1).

Statistical analysis

The relative CVD risks of groups with high BMI and/or high
WHR genetic score to the reference group were estimated
using multivariable logistic regression, adjusted with age,
sex, current smoking status, Townsend deprivation index,
LDL-cholesterol, fasting blood glucose, systolic blood pres-
sure, diastolic blood pressure, and uses of antidiabetic
drugs, antihypertensive drugs and lipid-lowering agents,
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BMI = body mass index; WHR = waist-hip ratio

which are established potential confounders of
CVD'*~27_ Interaction between BMI and WHR genetic
scores on CVD risk was evaluated using relative excess risk
due to interaction (RERD), attributable proportion due to
interaction (AP) and synergy index ($)®*?. Presence of
interaction is indicated by RERI and AP larger than 0 and
S larger than 1. Multivariable logistic regression was also
performed to assess risks of CVD death and the sixteen
CVD conditions among the four groups, as well as the asso-
ciation in various subgroups. The subgroups investigated
included sex, age (<65 and >065 years), current smoking
status, Townsend deprivation index (most deprived: > 2.0,
average: -1-9-2:0 and least deprived: < -2.0), systolic blood
pressure (<140 mmHg and > 140 mmHg), fasting blood
glucose (<7-0 mmol/l and >7-0 mmol/D), and uses of
lipid-lowering agents, antihypertensive drugs or antidia-
betic drugs. Interaction between genetic score groups
and each subgroup was evaluated with likelihood ratio
tests, indicated by P-value <0-05.

To assess the validity of the weighting approach used in
genetic score calculation, sensitivity analyses were carried
out using varying weightings, including unweighted
genetic scores and genetic scores weighted by effect sizes
from the UK Biobank data®®. Additionally, an analysis was
done using genetic score on WHR adjusted for BMI
(WHRadjBMD), which represents another measure on body
fat distribution®”. To assess the validity of the
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Fig. 1 Study design schematic for using genetic scores as instruments of randomisation. WHR, waist-to-hip ratio

dichotomisation cut-off, another sensitivity test was per-
formed using means instead of medians as the cut-off. A
4 X 4 factorial analysis, in which participants were grouped
based on genetic score quartiles, was also performed to
evaluate the association of CVD risk and the magnitudes
of the genetic scores at a finer scale.

Results

A total of 408 003 participants were included, in which
459 % were male and the average age was 56-9 years
(Table 1). There appeared to be a correlation between
BMI and WHR genetic scores, as observed from the dispro-
portion of participant number in the four groups.
Participants were more likely to be in low BMI and WHR
or high BMI and WHR groups than in the groups with either
high BMI or high WHR. Participants with higher BMI or
WHR genetic scores tend to have higher TAG, fasting blood
glucose, and systolic and diastolic blood pressures and are
more likely to be a smoker or a user of lipid-lowering
agents, antihypertensive drugs or antidiabetic drugs.

The association between the genetic score groups and
various cardiovascular outcomes is presented in Fig. 2. A
total of 58 429 CVD events were recorded. Participants with
high BMI or WHR genetic score were found to be more sus-
ceptible to CVD (high WHR: OR 1:07; 95 % CI (1-04, 1-10));
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Table 1 Baseline characteristics of participants by genetic risk score groups

Low BMI and high

High BMI and low

High BMI and high

Overall Low BMI and low WHR WHR WHR WHR
Mean SD Mean sSD Mean SD Mean SD Mean sSD
No. of participants 408 003 118 242 85 760 85 760 118 241
Age (year) 56-9 8-0 57-0 8.0 56-9 8-0 56-9 8-0 56-8 8-0
n % n % n % n % n %
Sex
Male 187 441 45.9 53 907 45.6 39 200 45.7 39 670 46-3 54 664 46-2
Female 220 562 541 64 335 54.4 46 560 54.3 46 090 537 63 577 53-8
Mean SD Mean sD Mean sSD Mean sD Mean SD
BMI (kg/m?) 274 4.8 26-3 4.2 26-6 4.3 28-2 5.0 286 5-0
WHR 0-87 0-09 0-86 0-09 0-87 0-09 0-87 0-09 0-89 0-09
n % n % n % n % n %
Smoker 41 186 101 10 764 91% 8435 9.8 8903 10-4 13 084 111
Mean SD Mean SD Mean SD Mean SD Mean SD
Townsend deprivation index -1-6 29 —1-66 2.87 -1.57 293 —1.54 2:94 —1-45 299
Lipids, mg/dl
Total cholesterol 5.7 11 5.74 113 5.75 1-15 5-69 114 5-68 116
HDL-cholesterol 1.5 04 1-49 0-39 1.46 0-38 1.45 0-38 1-41 0-37
LDL-cholesterol 3.6 09 3:58 0-86 3-59 0-87 3-55 0-87 3-56 0-88
TAG 1.8 1.0 1.66 0-97 1.78 1.05 1.73 1-00 1.86 1.07
Fasting blood glucose (mmol/l) 51 1.2 5.07 1-10 5-10 113 512 1.22 5-18 1.35
Blood pressure (mmHg)
Systolic blood pressure 138-3 18:6 1376 18.7 138-2 18:6 1385 18.6 139-0 184
Diastolic blood pressure 823 101 81.7 10-1 82-1 101 825 10-1 829 101
eGFR (ml/min/1-73 m?) 1134 216 1135 21.3 113- 21.7 113- 21.7 113 21.8
n % n % n % n % n %
Use of lipid-lowering agents 73 500 18-0 18 608 15.7 15 290 17-8 15 490 181 24112 204
Use of antihypertensive drugs 41 277 101 10 783 91 8320 9.7 8987 10-5 13187 11.2
Use of antidiabetic drugs 14 007 34 2856 2.4 2581 3.0 3015 35 5555 4.7

WHR, waist-to-hip ratio; eGFR, estimated glomerular filtration rate.

All values are presented in either mean (sp) or number (percentage).
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Reference group High WHR genetic score

Outcome Event Event OR (95% CI)
CcvD 15170 12027 - 107 (1-04, 1-10)
ISD 11992 9665 - 108 (1-04, 1-12)
Myocardial Infarction 7932 6605 - 110 (1:06, 1-15)
STEMI 1228 1052 - 1-09 (0-99, 1-20)
NSTEMI 1538 1331 —— 117 (1-08, 1-27)
Stable angina 5676 4844 - 1-13 (1-08, 1-18)
Unstable angina 1647 1350 - 1-07 (0-99, 1-17)
Stroke 3818 2925 - 102 (0-97, 1-08)
Ischaemic stroke 3217 2477 - 102 (0-96, 1-09)
Intracerebral haemorrhage 484 355 —— 1-03 (0-89, 1-20)
Subarachnoid haemorrhage 393 321 —— 1-10 (0-93, 1-29)
Heart failure 2998 2491 —.— 1-11(1-04, 1-18)
Transient ischaemic attack 2192 1639 —— 0-99 (0-92, 1-07)
Peripheral vascular disease 2808 2207 1. 104 (0-98, 1-11)
Arrhythmia and conduction disorders 794 764 - 0-99 (0-95, 1-02)
Pulmonary embolism 2280 1727 —— 103 (0-96, 1-11)
Deep vein thrombosis 4188 3184 1= 103 (0-98, 1-09)
CVD mortality 751 662 —a 1-20 (1-06, 1-35)
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High BMI genetic score High BMI and WHR genetic score

Event OR (95% Cl) Event OR (95% Cl)
12678 - 1412 (109, 1-16) 18554 - 1416 (112, 1-19)
10300 - 115 (1-11, 1-18) 15209 - 1:20 (1116, 1:23)
6073 - 116 (111, 121) 10450 - 1:21 (1-16, 1.25)
1028 Ha— 1.08 (099, 1-19) 1566 — 1-14 (104, 1:24)
1344 —- 114 (1-05, 1-24) 2151 B 1-24 (115, 1:34)
4036 - 142(1:07,117) 7560 - 1:20 (115, 1:25)
1447 —— 1-14 (105, 1-23) 2243 - 1-17 (109, 1:26)
2094 - 1-01 (096, 1:07) 4430 - 1-04 (0-99, 1-10)
2566 1=— 103 (0-97, 1-10) 3744 - 1-04 (099, 1-10)
360 —a— 099 (0-85, 1-15) 480 —e— 0-93 (0-81, 1-07)
281 €= 0-89 (0-75, 1-06) 478 — 1-10 (095, 1:28)
2923 - 1-28 (121, 1:36) 4190 - 128 (121, 1:35)
1664  —m— 098 (091, 1-05) 2382 - 1-00 (093, 1:06)
2306 - 108 (1:01, 1-15) 3332 - 1-09 (103, 1-15)
795 - 113 (1-08, 1-17) 1293 - 1-09 (106, 1-13)
2011 —-— 119 (1-11, 127) 2854 - 1-23 (1-16, 1:31)
3771 - 1:23 (117, 130) 5325 - 1:26 (1-20, 1:32)
683 — 119 (1-06, 1-34) 1071 —s—  126(1-13,1-40)
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Fig. 2 Association of exposure to higher BMI and WHR genetic score with cardiovascular outcomes. All logistic regression analyses
were adjusted with sex, age, smoking status, Townsend deprivation index, LDL-cholesterol, fasting blood glucose, systolic blood
pressure, diastolic blood pressure, and uses of antidiabetic drugs, antihypertensive drugs and lipid-lowering agents using the group
of low BMI and low WHR as the reference. WHR, waist-to-hip ratio; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST

elevation myocardial infarction

high BMI (OR 1-12; 95 % CI (1-09, 1-16)). A weak additive
effect on CVD risk was observed, with the OR in the high
BMI and WHR group exceeded the risk of the high genetic
score group of each individual factor, but less than sum of
the two (OR 1-16; 95 % CI (1-12, 1-19)). Similar trends were
also observed in the various cardiovascular conditions
investigated. Among the sixteen cardiovascular conditions,
transient ischemic attack and stroke (overall and all sub-
types) were the few conditions where no significant
increase in risk in the high BMI and WHR group was
observed. High BMI and WHR genetic scores were also
found to be associated with increase in CVD mortality. In
the assessment of interactions between BMI and WHR,
the RERI, AP and S were -0-035 (95 % CI (-0-081, 0-011)),
20-030 (95% CI (-0-069, 0-008)) and 0-82 (95% CI (0-61,
1.03)), respectively, indicating the presence of a weak addi-
tive effect but the absence of interaction of BMI and WHR
on CVD risk.

In subgroup analysis, the insignificant P-values from
likelihood ratio test indicated similar associations between
the genetic scores and CVD risk regardless of participants’
sex, age group, current smoking status, Townsend depriva-
tion index, fasting blood glucose, and uses of lipid-lower-
ing agent, antihypertensive drugs or antidiabetic drug
(Fig. 3). However, significant interaction was observed in
subgroups of systolic blood pressure. High BMI/WHR indi-
viduals with systolic blood pressure less than 140 mmHg
had higher CVD risk.

Sensitivity analyses using different genetic score calcu-
lations or cut-off presented similar associations of BMI and
WHR on CVD risks (see online Supplemental Fig. 1), vali-
dating the genetic instruments used in the main analysis. As
predicted, no association was found between the genetic
scores and the negative control leukaemia. The 4 X 4 facto-
rial analysis showed a gradual increase in CVD risk with

https://doi.org/10.1017/51368980022001276 Published online by Cambridge University Press

increasing BMI and/or WHR genetic scores, with the high-
est CVD risk in individuals with both high BMI and WHR
genetic scores (Fig. 4), suggesting an additive relation
between the two.

Discussion

Our analyses showed that genetic risk scores of BMI and
WHR were associated strongly with various CVD events.
When considering the genetic risk scores for both BMI
and WHR, a weak additive effect with considerable over-
lapping on the CVD risk was observed. However, both
BMI and WHR should be regarded as an independent risk
factor for CVD.

Using either BMI or WHR, prior studies have demon-
strated the individual effects of obesity and abdominal adi-
posity on the CVD risks, respectively®®1213 Our results
aligned with the established evidence on this causal rela-
tionship. Considering how both BMI and WHR could affect
CVD risk, there is no consensus on the importance of each
measure to CVD risks. A large-scale study has suggested
that both adiposity measures share a similar strength of
association with CVD"®. Other studies reported uncer-
tainty over the incremental effect of measuring fat distribu-
tion on the top of body mass on CVD risks'®!”. Our study
is the first to show a weak additive effect on the relationship
of both BMI and WHR on CVD risks. While there is no rec-
ommendation on checking WHR in current guidelines for
obesity management™®, our finding suggests that BMI and
WHR are equally important as biomarkers in early recogni-
tion, and thereafter, management of risk factors and pre-
vention of CVD events.

It is well known that elevated BMI is associated with
increased CVD risk. As body weight increases, the risk
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Lifetime exposure to higher BMI and WHR and CVD risks

High WHR genetic score

Subgroup Subject Event OR (95% ClI) Event
Sex L

Women 220,562 4,361 1-03 (0-98, 1-08) 4,643

Men 187,441 7,666 - 1-10(1-06, 1-15) 8,035
Age, year

<65 345,229 8,510 - 1-07 (1-03, 1-11) 9,008

>65 62,774 3517 - 1-04 (0-98, 1-10) 3,670
Current smoker

No 366,817 10,420 - 1-06 (1-03, 1-10) 10,930

Yes 41,186 1,607 —— 111(1:02, 1-21) 1,748
Townsend deprivation index

Most deprived (> 2-0) 56,260 2,256 —— 116 (1-08, 1-26) 2,405

Average (-2:0-2.0) 121,287 3,582 —m— 1-03 (0-97, 1-08) 3,822

Least deprived (< -20) 229977 6,178 - 106 (1-02, 1:11) 6,437
SBP, mmHg

<140 222931 5488 - 109 (1-04, 1:15) 5,847

2140 172,241 6,127 HE- 1-05(1-00, 1-09) 6,362
Fasting glucose, mmol/L

<70 342,390 9,797 - 107 (1-04, 1:10) 10,251

270 11,571 602 < 1-02 (0-89, 1-18) 731
Lipid-lowering agents

No 334,503 5,932 .- 1-05(1:01,1-09) 6,275

Yes 73,500 6,095 - 110 (1-04, 1-15) 6,403
Antihypertensive drugs

No 366,726 10,549 - 1-08 (1-04, 1-12) 11,059

Yes 41277 1478 —m— 0-99 (0:91, 1-08) 1,619
Antidiabetic drugs

No 393,996 11,064 -+ 106 (1-03, 1-10) 11,530

Yes 14,007 963 —-— 1-14 (1-00, 1-:30) 1,148

[
09 1 12 15

421
High BMI genetic score High BMI and WHR genetic score P-value for
likelihood
OR (95% CI) Event OR (95% Cl) ratio test

- 1-10 (1-05, 1-16) 6,792 - 112 (107, 1-17)  0-19
- 114 (109, 1-18) 11,762 - 118 (114, 1-23)

-+ 113 (1.09, 1-17) 13,363 - 114 (1-11,1-18) 026
- 1.07 (101, 1-14) 5,191 - 111 (105, 1-18)

-+ 112 (1-08, 1-16) 15,876 -+ 117 (1-13,1:20) 016
—.— 114 (1.05,1.25) 2,678 —.— 110 (102, 1-19)

—— 123 (1-14,1:33) 3,727 —— 1-21(1-13,1-30) 01
- 1.09 (103, 116) 5,595 - 1-14 (108, 1-20)
- 111 (1:06, 1-16) 9,205 - 1-15 (1-11, 1-20)
- 116 (1-11,1:21) 8,574 - 120 (116, 1:26) <005

- 1.00 (104, 113) 9,327 - 111 (107, 1-15)

- 112 (109, 116) 14,804 - 1416 (112,119) 088
—— 115 (100, 1:32) 1,244 —. 115 (1-02, 1-30)

- 1-10 (106, 1-15) 8,565 - 113 (109, 117) 081
- 1-15(1-10, 1-21) 9,989 - 118 (1-13, 1-24)

- 1-14(1-10, 1-18) 16,139 - 117 (1-14,1:21) 007
—— 102 (0-94, 1-11) 2415 T 1-05 (0-97, 1-13)

- 1-12(1-09, 1-16) 16,431 = 1-15(1-12,119) 075
—— 118 (1-04,1-33) 2,123 —— 123 (1-10, 1-38)

[ [ E——
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Fig. 3 Association of exposure to higher BMI and WHR genetic score with cardiovascular events within subgroups. Logistic regres-
sions were adjusted with sex, age, smoking status, Townsend deprivation index, LDL-cholesterol, fasting blood glucose, systolic
blood pressure, diastolic blood pressure, and uses of antidiabetic drugs, antihypertensive drugs and lipid-lowering agents using
the group of low BMI and low WHR genetic score as reference. WHR, waist-to-hip ratio

1-35

130

125

120t .
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110 e

0Odds Ratio OR (95% Cl)

1-00 - l - 1

095

Combined quartile
BMiscore 0 0 1 0 1 2 0 1 2 3 2 1 3 2 3 3

WHRscore00 1 0 2 1 0 3 2 1 0 2 3 1 3 2 3

Fig. 4 Association of high BMI and WHR genetic scores with
CVD event stratified by quartiles. Logistic regressions were
adjusted with sex, age, smoking status, Townsend deprivation
index, LDL-cholesterol, fasting blood glucose, systolic blood
pressure, diastolic blood pressure, and uses of antidiabetic
drugs, antihypertensive drugs and lipid-lowering agents using
the group at the lowest BMI and lowest WHR quartile as the
reference group. WHR, waist-to-hip ratio

factors of CVD events, such as atherosclerosis, dyslipidae-
mia, hypertension and type 2 diabetes, are also found to

increase'%31. However, there is a significant limitation

0.1017/51368980022001276 Published online by Cambridge University Press

on solely relying on BMI. As BMI measures the body mass
of an individual as a whole, it omits other crucial risk factors
of CVD, such as body composition and regional fat distri-
bution®?. For instance, conditions such as normal-weight
central obesity would not have been picked up by BMI. In
fact, normal-weight central obesity has been reported to
associate with the highest risk of mortality among CVD
patients®®. Furthermore, it has been well established that
central or visceral adiposity, independent of the body mass,
is highly associated with CVD risk®*37. Together with our
results, it implies that BMI and WHR are separate measures
that focus on different aspects of obesity, and WHR has its
own distinctive association with CVD risks irrespective of
BMI. In short, their effects supplement each other addi-
tively, and the measurement of both BMI and WHR are
therefore equally important.

Interestingly, our subgroup analysis revealed that the
association between BMI/WHR and CVD risks is signifi-
cantly stronger in the participants who had lower systolic
blood pressure. The elevation of CVD risk by high BMI/
WHR was more prominent in participants with low systolic
blood pressure or who did not use antihypertensive drug.
Although obesity is highly correlated with high blood pres-
sure, they are independent risk factors of CVD®®. Obese
individuals with healthy metabolic status (including blood
pressure, blood glucose and lipid profile) were still suscep-
tible to higher risk in CVD than normal-weight
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individuals®*?. Some studies reported high blood pres-
sure might be associated with more significant increase
in CVD risk in normal-weight than obese individuals“!%?,
while some indicated a lack of difference™®. The discrep-
ancy observed could be because hypertension is linked to
CVD through different mechanisms between normal-
weight and overweight individuals“?. Elevated blood
pressure in normal-weight individuals might be more
attributable to adverse lifestyle such as smoking and alco-
hol consumption>4®_ Obesity in individuals with normal
blood pressure could be a temporary state which is associ-
ated with younger age™”. Effectiveness of antihypertensive
drugs was also dependent on the patients’ weight“®. Even
though no significant difference in likelihood ratio test was
observed in the antihypertensive drugs subgroup, it could
be due to the relatively small samples of individuals taking
antihypertensive drugs in our study. More in-depth study is
needed to verify the role of hypertension in the association
between high BMI/WHR and CVD.

While this study has established the independent asso-
ciation between CVD risks and BMI/WHR using genetic
score proxies, one of the limitations is that it is uncertain
how weight change by lifestyle or medical interference
might affect the association. The results are, therefore,
not representative for CVD risks due to BMI/WHR modifi-
cations by extrinsic factors, such as diet, exercises or medi-
cation. Moreover, as only Caucasians with British ancestry
were included in this analysis, the result is not necessarily
generalisable to other populations where the allele combi-
nations might be vastly different from the UK dataset“*>?,
Finally, despite proving the importance of both obesity
measures, our study is unable to provide a definite guide-
line on the optimal BMI/WHR threshold to be achieved for
a reduction in CVD risk. Further studies are required for
changes in clinical recommendations and practice.

Conclusion

Our findings suggest that both BMI and WHR are associated
with CVD risks independently, and there is a weak additive
effect. The prominent association between BMI-/WHR-
associated obesity and CVD risk among participants with
lower blood pressure highlights the difference in susceptibil-
ity to chronic health problem across the population. As the
role of BMI and WHR is not interchangeable in the causal
relationship of obesity and CVD risks, both measurements
should be recommended, in future guidelines for obesity
management, especially for susceptible communities.

Acknowledgements

Acknowledgements: The authors wish to acknowledge the
UK Biobank participants who provided the sample that

https://doi.org/10.1017/51368980022001276 Published online by Cambridge University Press

EYF Wan et al.

made data available; without them, the study would not
have been possible. The computations were performed
using research computing facilities offered by
Information Technology Services, the University of Hong
Kong. Financial support: The Seed Fund for Basic
Research from The University of Hong Kong (Ref. no
201906159003). No funding organisation had any role in
the design and conduct of the study, collection, manage-
ment, analysis and interpretation of the data, and prepara-
tion of the manuscript. Conflicts of interest: 1.C.K.W. has
received research funding outside the submitted work from
the Hong Kong Research Grants Council and the Hong
Kong Health and Medical Research Fund, National
Institute for Health Research in the United Kingdom,
European Commission, Amgen, Bayer, Bristol-Myers
Squibb, GSK and Janssen, but all are not related to the cur-
rent study. E.-W.Y.C. has received an honorarium from the
Hospital Authority and research funding from The Hong
Kong Research Grants Council, The Research Fund
Secretariat of the Food and Health Bureau, Narcotics
Division of the Security Bureau of HKSAR, Hong Kong,
National Natural Science Fund of China, China,
Wellcome Trust, United Kingdom, and Bristol-Myers
Squibb, Pfizer, and Takeda, for work unrelated to this
study. Other authors declare that they have no competing
interests. Authorship: EY.F.W., E.Y.T.Y. and C.LK.L. con-
tributed to the study design and acquisition of data,
researched the data, contributed to the statistical analysis
and interpretation of the results, and wrote the manuscript.
All authors contributed to the interpretation of the results
and reviewed and edited the manuscript. E.Y.F.W. is the
guarantor of this work and, as such, had full access to all
the data in the study and takes responsibility for the integ-
rity of the data and the accuracy of the data analysis. Ethics
of human subject participation: This research has been
conducted using the UK Biobank Resource under
Application Number 65688. The UK Biobank has approval
from the North West Multi-centre Research Ethics
Committee (MREC) to obtain and disseminate data and
samples from the participants (http://www.ukbiobank.
ac.uk/ethics/), and these ethical regulations cover the work
in this study. Written informed consent was obtained from
all participants.

Supplementary material

To view supplementary material for this article, please visit
https://doi.org/10.1017/5S1368980022001276

References

1. WHO (2020) Obesity and Overweight. Fact Sheets. https://
www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight (accessed October 2020).


http://www.ukbiobank.ac.uk/ethics/
http://www.ukbiobank.ac.uk/ethics/
https://doi.org/10.1017/S1368980022001276
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1017/S1368980022001276

Public Health Nutrition

oL

https://doi.org/

Lifetime exposure to higher BMI and WHR and CVD risks

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

The GBD 2015 Obesity Collaborators (2017) Health effects of
overweight and obesity in 195 countries over 25 years. N Engl
J Med 377, 13-27.

Prospective Studies Collaboration (2009) Body-mass index
and cause-specific mortality in 900 000 adults: collaborative
analyses of 57 prospective studies. Lancet 373, 1083-1096.
Jensen MD, Ryan DH, Apovian CM et al. (2014) 2013 AHA/
ACC/TOS guideline for the management of overweight and
obesity in adults: a report of the American college of cardiol-
ogy/American heart association task force on practice guide-
lines and the obesity society. Circulation 129, $102-S138.
Hagg S, Fall T, Ploner A et al. (2015) Adiposity as a cause of
cardiovascular disease: a Mendelian randomization study. ¢
J Epidemiol 44, 578-586.

Nordestgaard BG, Palmer TM, Benn M et al. (2012) The
effect of elevated body mass index on ischemic heart disease
risk: causal estimates from a Mendelian randomisation
approach. PLoS Med 9, e1001212.

Lyall DM, Celis-Morales C, Ward J et al. (2017) Association of
body mass index with cardiometabolic disease in the UK bio-
bank: a Mendelian randomization study. JAMA Cardiol 2,
882-889.

Holmes Michael V, Lange Leslie A, Palmer T et al. (2014)
Causal effects of body mass index on cardiometabolic traits
and events: a Mendelian randomization analysis. Am | Hum
Genet 94, 198-208.

Flegal KM, Kit BK, Orpana H et al. (2013) Association of all-
cause mortality with overweight and obesity using standard
body mass index categories: a systematic review and meta-
analysis. JAMA 309, 71-82.

Ashwell M, Mayhew L, Richardson J et al. (2014) Waist-to-
height ratio is more predictive of years of life lost than body
mass index. PLoS ONE 9, €103483.

Cornier M-A, Despres J-P, Davis N et al. (2011) Assessing adi-
posity: a scientific statement from the American Heart
Association. Circulation 124, 1996-2019.

Censin JC, Peters SAE, Bovijn J et al. (2019) Causal relation-
ships between obesity and the leading causes of death in
women and men. PLoS Genet 15, €1008405.

Emdin CA, Khera AV, Natarajan P et al. (2017) Genetic asso-
ciation of waist-to-hip ratio with cardiometabolic traits, type 2
diabetes, and coronary heart disease. JAMA 317, 626-634.
Welborn T & Dhaliwal S (2007) Preferred clinical measures of
central obesity for predicting mortality. Eur J Clin Nutr 61,
1373-1379.

Emerging Risk Factors Collaboration, Wormser D, Kaptoge S
et al. (2011) Separate and combined associations of body-
mass index and abdominal adiposity with cardiovascular dis-
ease: collaborative analysis of 58 prospective studies. Lancet
377, 1085-1095.

Reis JP, Macera CA, Araneta MR et al. (2009) Comparison of
overall obesity and body fat distribution in predicting risk of
mortality. Obesity 17, 1232-1239.

Flegal KM & Graubard BI (2009) Estimates of excess deaths
associated with body mass index and other anthropometric
variables. Am J Clin Nutr 89, 1213-1219.

Rose KM, Newman B, Mayer-Davis EJ et al. (1998) Genetic
and behavioral determinants of waist-hip ratio and waist cir-
cumference in women twins. Obes Res 6, 383-392.
Shungin D, Winkler TW, Croteau-Chonka DC et al. (2015)
New genetic loci link adipose and insulin biology to body
fat distribution. Nature 518, 187-196.

Yang W, Kelly T & He J (2007) Genetic epidemiology of
obesity. Epidemiol Rev 29, 49-61.

Katzmarzyk PT, Reeder BA, Elliott S et al. (2012) Body mass
index and risk of cardiovascular disease, cancer and all-cause
mortality. Can J Public Health 103, 147-151.

Bycroft C, Freeman C, Petkova D et al. (2018) The UK
Biobank resource with deep phenotyping and genomic data.
Nature 562, 203-209.

0.1017/51368980022001276 Published online by Cambridge University Press

23.

24,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

40.

41.

42.

423

Sudlow C, Gallacher J, Allen N et al. (2015) UK biobank: an
open access resource for identifying the causes of a wide
range of complex diseases of middle and old age. PLoS
Med 12, 1001779.

Pulit SL, Stoneman C, Morris AP et al. (2019) Meta-analysis of
genome-wide association studies for body fat distribution in
694 649 individuals of European ancestry. Hum Mol Genet
28, 166-174.

Yusuf S, Reddy S, Ounpuu S ef al. (2001) Global burden of
cardiovascular diseases: part I: general considerations, the
epidemiologic transition, risk factors, and impact of urbani-
zation. Circulation 104, 2746-2753.

Sundquist J, Malmstrom M & Johansson S-E (1999)
Cardiovascular risk factors and the neighbourhood environ-
ment: a multilevel analysis. Int J Epidemiol 28, 841-845.
Arnold AP, Cassis LA, Eghbali M et al. (2017) Sex hormones
and sex chromosomes cause sex differences in the develop-
ment of cardiovascular diseases. Arterioscler Thromb Vasc
Biol 37, 746-756.

Hosmer DW & Lemeshow S (1992) Confidence interval esti-
mation of interaction. Epidemiology 3, 452-456.

De Mutsert R, Jager KJ, Zoccali C et al. (2009) The effect of
joint exposures: examining the presence of interaction.
Kidney Int 75, 677-681.

Huls A, Kramer U, Carlsten C et al. (2017) Comparison of
weighting approaches for genetic risk scores in gene-envi-
ronment interaction studies. BMC Genet 18, 115.

Strazzullo P, D’Elia L, Cairella G et al. (2010) Excess body
weight and incidence of stroke: meta-analysis of prospective
studies with 2 million participants. Stroke 41, e418.

Kok P, Seidell J] & Meinders A (2004) The value and limita-
tions of the body mass index (BMD in the assessment of
the health risks of overweight and obesity. Ned Tijdschr
Geneesk 148, 2379-2382.

Coutinho T, Goel K, Corréa de Sa D et al. (2013) Combining
body mass index with measures of central obesity in the
assessment of mortality in subjects with coronary disease:
role of “normal weight central obesity”. J Am Coll Cardiol
61, 553. .

Yusuf S, Hawken S, Ounpuu S et al. (2004) Effect of poten-
tially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-
control study. Lancet 364, 937-952.

Sahakyan KR, Somers VK, Rodriguez-Escudero JP et al.
(2015) Normal-weight central obesity: implications for total
and cardiovascular mortality. Ann Intern Med 163, 827-835.
Montague CT & Rahilly SO (2000) The perils of portliness:
causes and consequences of visceral adiposity. Diabetes
49, 883-888.

Despres J (2000) Intra-abdominal obesity: an untreated risk
factor for Type 2 diabetes and cardiovascular disease.

J Endocrinol Invest 29, 77.

Hubert HB, Feinleib M, McNamara PM et al. (1983) Obesity
as an independent risk factor for cardiovascular disease: a 26-
year follow-up of participants in the Framingham Heart
Study. Circulation 67, 968-977.

Zhou Z, Macpherson J, Gray SR et al. (2021) Are people with
metabolically healthy obesity really healthy? A prospective
cohort study of 381,363 UK Biobank participants.
Diabetologia 64, 1963-1972.

Arnlov J, Ingelsson E, Sundstré;m J er al. (2010) Impact of
body mass index and the metabolic syndrome on the risk
of cardiovascular disease and death in middle-aged men.
Circulation 121, 230-236.

Barrett-Connor E & Khaw K (1985) Is hypertension
more benign when associated with obesity? Circulation
72, 53-60.

Carman WJ, Barrett-Connor E, Sowers M et al. (1994) Higher
risk of cardiovascular mortality among lean hypertensive
individuals in Tecumseh, Michigan. Circulation 89,703-711.


https://doi.org/10.1017/S1368980022001276

Public Health Nutrition

oL

424
43.

44.

45.

40.

Silventoinen K, Magnusson PK, Neovius M et al. (2008) Does
obesity modify the effect of blood pressure on the risk of
cardiovascular disease? A population-based cohort study of
more than one million Swedish men. Circulation 118,
1637-1642.

Weber MA, Neutel JM & Smith DH (2001) Contrasting clinical
properties and exercise responses in obese and lean hyper-
tensive patients. ] Am Coll Cardiol 37, 169-174.

Goldbourt U, Holtzman E, Cohen-Mandelzweig L et al.
(1987) Enhanced risk of coronary heart disease mortality
in lean hypertensive men. Hypertension 10, 22-28.

Stamler R, Ford CE & Stamler J (1991) Why do lean hyperten-
sives have higher mortality rates than other hypertensives?
Findings of the hypertension detection and follow-up pro-
gram. Hypertension 17, 553-564.

https://doi.org/10.1017/51368980022001276 Published online by Cambridge University Press

47.

48.

49.

50.

EYF Wan et al.

Appleton SL, Seaborn CJ, Visvanathan R et al. (2013)
Diabetes and cardiovascular disease outcomes in the meta-
bolically healthy obese phenotype: a cohort study.
Diabetes Care 36, 2388-2394.

Weber MA, Jamerson K, Bakris GL et al. (2013) Effects of
body size and hypertension treatments on cardiovascular
event rates: subanalysis of the ACCOMPLISH randomised
controlled trial. Lancet 381, 537-545.

Kumar B, Meyer H, Wandel M et al. (2006) Ethnic differences
in obesity among immigrants from developing countries, in
Oslo, Norway. Int | Obes 30, 684—690.

Carroll JF, Chiapa AL, Rodriquez M et al. (2008) Visceral fat,
waist circumference, and BMI: impact of race/ethnicity.
Obesity 16, 600-607.


https://doi.org/10.1017/S1368980022001276

	Association of genetic variants related to combined exposure to higher BMI and waist-to-hip ratio on lifelong cardiovascular risk in UK Biobank
	Method
	Study population
	Instruments of randomisation
	Outcomes
	Study design
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Supplementary material
	References


