o

British Journal of Nutrition

British Journal of Nutrition (2021), 126, 1420-1430 doi:10.1017/S0007114521000064

© The Author(s), 2021. Published by Cambridge University Press on behalf of The Nutrition Society

Abdominal obesity and risk of CVD: a dose-response meta-analysis of
thirty-one prospective studies

Ran Xue!, Qianwen Li!, Yaping Geng!, Hao Wang!, Fudi Wang!? and Shenshen Zhang'*

IDepartment of Precision Nutrition Innovation Center, Department of Nutrition and Food Hygiene, College of Public Health,
Zbengzbou University, The Third Affiliated Hospital of Zbengzhou University, Zbengzhou, People’s Republic of China

XThe First Affiliated Hospital, School of Public Health, Institute of Translational Medicine, Zhejiang University School of
Medicine, Hangzhou, People’s Republic of China

(Submitted 24 July 2020 — Final revision received 28 December 2020 — Accepted 4 January 2021 — First published online 12 January 2021)

Abstract

This meta-analysis aimed to study the relationship between abdominal obesity and the risk of CVD by waist circumference (WC), waist:hip
ratio (WHR) and waist:height ratio (WHtR). We systematically searched PubMed, Embase and Web of Science. Prospective studies that
estimated cardiovascular events by WC, WHR and WHIR were included in this study. Pooled relative risks with 95 % CI were calculated
using random effects models. A total of thirty-one studies were included in the meta-analysis, including 669 560 participants and 25 214
cases. Compared the highest with the lowest category of WC, WHR and WHIR, the summary risk ratios were 1-43 (95 % CI, 1-30, 156,
P <0-00D), 1-43 (95% CI, 1-:33, 1-54, P< 0-001) and 1-57 (95 % CI, 1-37, 1.79, P < 0-001), respectively. The linear dose-response analysis
revealed that the risk of CVD increased by 3-4 % for each 10 cm increase of WC, and by 3-5 and 6-0 % for each 0-1 unit increase of WHR and
WHItR in women, respectively. In men, the risk of CVD increased by 4-0 % for each 10 cm increase of WC, and by 4-0 and 8-6 % for each 0-1
unit increase of WHR and WHIR, respectively. Collectively, abdominal obesity is associated with an increased risk of CVD. WC, WHR and
WHIR are good indicators for the prediction of CVD.
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CVD is a severe public health threat around the world, which
mainly includes CHD, cerebrovascular disease, peripheral
arterial disease and rheumatic heart disease. According to the
WHO, an estimated 17-9 million people died from CVD in
2016, accounting for 31% of all deaths globally. The Global
Burden of Disease Study also announced that the total deaths
from CVD increased by 21 % between 2007 and 2017V,
Obesity is an independent risk factor for CVD and associated
with many co-morbidities of CVD such as hypertension,
hyperlipidaemia and the metabolic syndrome®. As a serious
public health issue worldwide, obesity had affected a total of
107-7 million children and 603-7 million adults from 195 coun-
tries in 2015, resulting in 4-0 million (2-7-5-3 million) deaths
and 120 million (84-158 million) disability-adjusted life years
among adults globally. CVD was the leading cause of deaths
and disability-adjusted life years related to obesity™®. It is gen-
erally known that BMI is a common indicator to define obesity,
which is easy to perform. However, it does not reflect the loca-
tion of fat distribution, and conclusions about the relationship

between BMI and CVD are inconsistent. Some studies found a
protective effect of BMI on CVD, which is called ‘obesity
paradox’®>. Coutinho et al. found that the risk of death
decreased with the increase of BMI in 15 923 patients with
coronary artery disease, whereas abdominal obesity was pos-
itively associated with the mortality(®.

Some indices of abdominal obesity such as waist circumfer-
ence (WC), waist:hip ratio (WHR) and waist:height ratio (WHtR)
are considered to be good indicators for predicting CVD.
These indicators can reflect fat distribution and visceral fat
accumulation to some extent, which are more easily available
than computed tomography and MRI. Many epidemiological
studies have begun to use these indicators to assess the
relationship between obesity and CVD accurately. The
international day for the evaluation of abdominal obesity, a
large epidemiological study, investigated the relationship
between WC and risk of CVD in 168 000 primary care patients
in sixty-three countries, which demonstrated a significant cor-
relation between waistline expanding and increased risk of

Abbreviations: RR, risk ratio; WC, waist circumference; WHR, waist:hip ratio; WHtR, waist:height ratio.
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CVD, Karin et al. found that WHIR is a useful indicator to
estimate the risk of CVD in patients with diabetes®®. The
meta-analysis of Ashwell et al.””, Lee et al. ' and Savva
et al 'V also suggested that measures of abdominal obesity
were superior to BMI in detecting cardiovascular risk.
However, studies from different countries and ethnicities have
different conclusions regarding the superiority of different
obesity indicators. Therefore, we collected the related prospec-
tive studies and made a meta-analysis to estimate the relation-
ship between abdominal obesity and CVD by WC, WHR
and WHtR.

Methods
Search strategy

The meta-analysis was conducted by the Meta-analysis of
Observational Studies in Epidemiology. We conducted a system-
atic search of the literature on prospective cohort studies from
PubMed, Embase and Web of Science up to 28 September
2019, using the following keywords and their synonyms (com-
bined unexploded version of the Medical Subject Headings):
(‘cardiovascular diseases’ OR ‘cerebrovascular disease’ OR
‘coronary heart disease’ OR ‘stroke’ OR ‘myocardial infarction’
OR ‘venous thromboembolism’) AND (‘waist circumference’
OR ‘waist to hip ratio’ OR ‘waist to height ratio”) AND (‘prospec-
tive cohort study’ OR ‘follow-up study’). The reference lists
within the relevant publications were searched to identify other
additional information. The corresponding author was contacted
to request the required data if necessary.

Inclusion criteria

Studies were included in the meta-analysis if they met the follow-
ing criteria: (1) participants were 18 years or older; (2) follow-up
durations were more than 3years; (3) at least one of the
anthropometric measures was measured and reported, including
WHR, WC or WHtR during the follow-up; (4) the outcome was
the occurrence of CVD; (5) risk ratios (RR) or hazard ratios and
their corresponding 95 % CI could be calculated and (6) studies
were prospective study design.

Data abstraction and assessment for study quality

From each retrieved study, we extracted the following informa-
tion: the first author’s name, year of publication, specific out-
comes, name of cohort, number of participants/cases, mean
age or age range, follow-up duration, anthropometric measure-
ment method, covariates adjusted in multivariate analysis, quin-
tiles of WHR, WC and WHtR, and corresponding RR of CVD with
95 % CI. Quality of the included studies was evaluated according
to the Newcastle-Ottawa scale for non-randomised studies. The
score of 0-3, 4-6 or 7-9 was regarded as low, moderate or high
quality, respectively. Data extraction process and study quality
assessment were performed by two independent investigators
(X. R. and G. Y.), and group discussion to solve disagreements.

Statistical analysis

We collected the RR with 95 % CI as the common measure of
associations across studies, where necessary, the hazard ratios
were used to approximate RR. For the comparison between
the highest categories and lowest categories of WC, WHR
and WHIR, the summarised RR or hazard ratios and their corre-
sponding 95 % CI were calculated using a random effects model.
The model with the greatest control in each study was used to
eliminate potential confounding factors.

Dose-response analysis was conducted using the method
described by Greenland & Longnecker'!? based on an increase
of 10 cm for WC, 0-1 units for WHR and WHtR. We extracted the
categories of WC, WHR and WHIR, the distributions of cases and
number of subjects or person-years, and RR with 95% CI. If
studies reported results separately for different outcomes or
other subgroups besides men and women, we combined the
subgroup-specific estimates using a fixed effects model to gen-
erate an overall estimate so that each study was only conducted
once in the main analysis. If the reference category was not the
lowest in some studies, the RR were recalculated with the lowest
category as a reference by the method provided by Hamling
et al"®. The median point in each category of WC, WHR and
WHIR was assigned to the corresponding RR for each study. If
medians were not reported, we considered the midpoint of
the upper and lower boundaries as the dose of each category.
If the highest and/or lowest category was open-ended, the mid-
point of that category was set by assuming that the categorical
width was the same as the next adjacent category.

Heterogeneity of studies was estimated by the /2 statistic, and
the values of 25, 50 and 75 % were defined as low, moderate and
high heterogeneity, respectively. We performed subgroup
analysis to evaluate the potential sources of heterogeneity.
The analyses were conducted in men and women, respectively,
to rule out the potential effects of sex difference. Subgroups
analysis was carried out according to outcomes, age, geographic
location, follow-up durations, number of participants and quality
of articles. Potential publication bias was assessed using Begg’s
test, Egger’s linear regression test and funnel plot asymmetry. If
publication bias existed, ‘trim-and-fill’ was applied to correct the
bias'?, We conducted sensitivity analysis in which a single study
was excluded from the analysis at a time to verify the reliability of
this study. All statistical analyses were performed using Stata stat-
istical software version 12 (Stata Corp). P < 0-05 was considered
as significant.

Results
Literature search and study characteristics

We found 6580 potential articles through literature search, and
6399 articles were excluded by title and abstract, leaving 181
relevant articles for review of full text. Thirty articles were left
after full-text review according to the exclusion criteria
(details are shown in Fig. 1). One of the articles included
two different cohorts was regarded as two independent
studies"". Finally, thirty-one prospective cohort studies and
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Twenty-one studies with 447 467 participants and 16 828 cases
were included in the analysis of WHR and risk of CVD. The sum-
mary RR was 1-43 (95% CI 1:33, 1-54; I =306 %; P <0-001)
compared the highest category with the lowest category. The
pooled RR was 1-43 (95 % CI 1-31, 1-57) with a low heterogeneity
(I*=17-0%; Pheterogeneiy = 0-259) in men, and 148 (95% CI
1-.29, 1-70) with a moderate heterogeneity (I =499 %,
Pheterogeneiry = 0-02) in women (Fig. 4). Twelve studies provided
enough information to carry on dose-response meta-analysis.
The risk of CVD increased by 4-0 % in men (RR 1-04; 95 % CI
1-02, 1-06; P<0-001) and 3-5% in women (RR 1-03; 95% CI
1-01, 1-06; P<0-05) with each 0-1 unit increase of WHR by
sex-specific linear dose-response analyses. When the non-linear
dose-response analysis was used, a significant non-linear rela-
tionship was found (P < 0-001). The dose-response plot showed
a slow slope when WHR increased to 0-9, and when WHR values
were higher than 0-9, the risk of CVD rose more obvious in men.

1422 R. Xue et al.
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram. WC, waist circumference; WHR, waist:hip ratio; WHtR,
waist:height ratio; HR, hazard ratio; RR, risk ratio.

a cross-sectional study with follow-up were included in this
meta-analysis with a total of 669 560 participants and
25 214 cases. There were five studies for female partici-
pants>71? eleven studies for male participants> 292 and
fifteen studies for both male and female participants®*49.
Mean age ranged from 34 to 75 years old. The characteristics
of included studies are presented in Table S1.

Waist circumference and CVD

Twenty-four studies examined associations between WC and
risk of CVD, including 571 789 participants and 18 452 cases.
Compared the highest category with the lowest category, the
summary RR was 143 (95% CI, 1-30, 1-56; I*=58-6%;
P<0-001). The pooled RR with 95% CI was 1-42 (95% CI
1-25, 1-61) and 1-46 (95% CI 1-25, 1-72) in men and women
with moderate heterogeneity, respectively (men: I? =55-3 %,
Pheterogeneity < 0-05; women: I*=061-4%, Pheterogeneity < 0-05)
(Fig. 2). Eleven studies were available for inclusion in dose—
response meta-analysis. Through sex-specific linear dose-
response analysis, we found that each 10 cm increase of WC
enhanced the risk of CVD by 4:0% in men (RR 1-04; 95 % CI
1-02, 1-06; P<0-001) and 3-4% in women (RR 1-03; 95% CI
1-01, 1-06; P < 0-05). The non-linear dose-response analysis also
showed a significant relevance between WC and risk of CVD in
both men and women (P < 0-001). In male participants, we
observed that there was no change in the trend of the curve
when WC was lower than 80 cm. When WC was about 80—
90 cm, the incidence of CVD grew slowly. However, it was
obvious that the risk of CVD increased with a steep slope when
WC was over 90 cm. In women, the risk of CVD increased sig-
nificantly when WC was over 80 cm (Fig. 3).

While in female participants, the curve with an inconspicuous
inflexion point reminded that the risk of CVD enhanced contin-
uously with the increase of WHR (Fig. 5).

Waist:height ratio and CVD

Nine studies involving 187 137 participants and 7557 cases
reported sufficient information on WHtR and risk of CVD.
Compared the highest category with the lowest category, the
summary RR was 157 (95% CI 1-37, 1.79; I?=37-6%;
P <0-00D). In analysis of different sexes, the summary RR was
1-67 (95% CI 1-40, 1-98; P<0-05) with a low heterogeneity
(I? =164 %; Pheterogenciy = 0-31) in women and 1-56 (95 % CI
125, 195; P<005 with a moderate heterogeneity
(I? = 382 %; Pheterogeneiry = 0-152) in men (Fig. 6). Four studies
were available in dose-response analyses. The linear dose—
response analysis revealed that the risk of CVD increased by
8:6 % in men (RR 1-08; 95 % CI 1-01, 1-16; P<0-05) and 6:0%
in women (RR 1-06; 95% CI 1-03, 1-09; P < 0-001) with each
0-1 unit increase of WHR. There was a non-linear relationship
between WHIR and risk of CVD in men (P < 0-05) and women
(P<0-001) with the random effects dose-response analysis.
The non-linear dose-response curve revealed that the risk of
CVD would rise sharply both in men and women when WHtR
over 0-5 (Fig. 7).

Subgroup analysis, publication bias, sensitivity analysis

The subgroup analysis was conducted to explore the potential
sources of heterogeneity. Subgroup analyses were carried out
by outcome, age, geographic location, follow-up duration, num-
ber of participants and quality of articles in male and female
(Tables 1-3). Most of the subgroups still kept relevant to CVD
risk after subgroup analysis. When subgroup analysis was per-
formed by outcomes, we found that the association is stronger
in women than in men in relationship between CHD and WC
and WHR. However, perhaps due to the limited studies, the same
phenomenon has not been observed in WHIR. In the sensitivity
analysis, one single study was removed at a time and the analysis
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Study
ID ES (95% CI) Weight
I
Men 1
Abete (2015) : & 1-95 (120, 3-19) 211
Adegbija (2015) — 1-80 (1-10, 2-90) 213
Aekplakorn (2007) -4~ + 1-04 (0-55, 1-95) 1-49
Furukawa (2010) - 134 (1:01,1-77) 358
Gelber (2008) | ———— 2-32 (1-56, 3-54) 2:58
Gruson (2015) _— : 0-99 (0-76, 1-30) 369
Horvei (2014) —— 1-36 (1-10, 1-67) 4.23
Hotchkiss F (2013) —:—0—— 1-58 (1-26, 1-98) 4.07
Hu (2007) —_—— 1-57 (1-10, 2-25) 2-95
Kizer (2010) —_— 1-05 (067, 1-64) 2:34
Lakka (2002) : - 202 (117, 3-48) 1-84
Larsson (2017) —— 1-38 (1-14, 1-66) 4-42
Rexrode (2001) —-0-—: 1-06 (074, 1:53) 291
Sehested (2010) —p—————— 1-35 (0-91,2-02) 2-65
Severinsen (2009) :—0— 200 (1-47, 2-72) 3-35
Wannamethee (2013) ——— s | 0-85(0-58, 1-24) 279
Yatsuya (2010) —- 1-78 (1-05, 3-03) 191
Subtotal (/°=55:3%, P=0-003) ¢ 1-42 (125, 1-61) 49-03
1
Women :
Abete (2015) % - 0-81 (045, 1-44) 1.68
Adegbija (2015) : —ipeeeey  3-10 (1-90, 5-00) 214
Furukawa (2010) —_—— 1-85 (1-22, 2-80) 254
Gelber (2008) : -4 2:08 (1-27, 3-40) 2-09
Gruson (2010) —_— 0-86 (0-60, 1-25) 2:88
Horvei (2014) — 1-14 (0-85, 1-53) 347
Hu (2007) & : 1-25 (0-78, 2-01) 219
Kizer (2010) —_— 1-13 (0-79, 1-61) 2.96
Larsson (2017) -—-0-—: 1:21 (0-96, 1-53) 4-01
Lu (2008) — 1-70 (0-90, 3-40) 1-39
Rexrode (1998) : & 232 (1-16, 4-63) 1:31
Sehested (2010) - r 1-08 (063, 1-84) 1-88
Severinsen (2009) — 1-92 (1-35,2-73) 299
Yang (2007) - & 1-90 (0-90, 4-00) 116
Yatsuya (2013) ————— 1-71 (1-28, 2-29) 349
Zhang (2009) —_—— 1-50 (1-21, 1-86) 417
Subtotal (/°=61-4%, P=0-001) <> 1-46 (1-24,1-71) 4035
:
Men and women 1
Dis (2009) —0—:— 1-27 (1-08, 1-49) 4-65
Kizer (2010) ——’—l 1-11(0-88, 1-39) 4-05
Wang (2004) 1 - 250 (1-47,4-23) 1-91
Subtotal (/= 73-8%, P =0:022) ¢- 1-38 (1:02, 1-85) 1061
. 1
Overall (1= 58-6%, P=0-000) <> 1-43 (1-30, 1-56) 100-00
Note: Weights are from random effects analysis :
| |
02 1 5

Fig. 2. Forest plot of association between waist circumference and risk of CVD. ES, effect size.

was conducted with the remaining studies to assess whether the was found in the relationship between CVD and WC and WHtR
result was affected by the excluded study. The result revealed (Figs. S4 and S6). However, publication bias was observed in
that no individual study affected the pooled effect size (Figs. study of the relationship between CVD and WHR (P < 0-05),
S1-S3). The funnel plot, Egger’s test and Begg’s test were used and the funnel plot seemed to be asymmetric (Figs. S5). After

to analyse the publication bias. No evidence of publication bias using the ‘trim-and-fill' method to correct the publication bias,
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Fig. 3. Dose-response analysis between waist circumference (cm) and risk of CVD among men (left) and women (right). Solid line: non-linear dose response. Dotted

line: 95 % CI. Straight dotted line: linear dose—response.

the result was still statistically significant (RR 1-36, 95% CI
1.25, 1-47).

Discussion

CVD has been becoming a serious public health burden around
the world. Obesity, especially abdominal obesity is closely
related to CVD. WC, WHR and WHIR are precise indicators
of abdominal obesity, which have advantage of easily avail-
able. Previous studies have demonstrated that indicators of
abdominal obesity were better than BMI for prediction of
many diseases®!V. Identifying the relationship between
these regulable factors and CVD will help reduce the risk of
CVD. However, many researchers explored the association
between abdominal obesity indices and cardiovascular risk
factors, such as hypertension, the metabolic syndrome and
type 2 diabetes. A comprehensive meta-analysis to investigate
the relationship between WC, WHR, WHtR and incidence of
CVD is urgent to be done.

Our meta-analysis comprehensively evaluated the rela-
tionship between WC, WHR, WHtR and the risk of CVD in gen-
eral population with linear and non-linear dose-response
models incorporating the data from thirty-one prospective
studies. These results showed significant correlations of
WC, WHR, WHtR with cardiovascular risk. Compared with
the lowest category of WC, WHR and WHtR, the CVD risk
of highest group was increased by 43, 43 and 57 %, respec-
tively. The linear dose—response analysis showed the risk of
CVD increased by 4-0 and 3-4 % for each 10 cm increase of
WC in men and women, respectively. When WHR and
WHIR increase by 0-1 units, the incidence of CVD enhanced
by 4-0 and 8:6 % in men, and increased by 3-5 and 6-0 % in
women, respectively.

Non-linear analysis showed that the risk of CVD rose con-
tinuously when WC was over 90 cm, WHR was over 0-9,
WHIR was over 0-5in men, and when WC was over 80 cm,
WHIR was over 0-5in women. It was interesting to note the
non-linear dose-response curve with inconspicuous inflexion

point in women. This trend showed that the risk of CVD
increased continuously with WHR in women. Some epi-
demiological studies have demonstrated that the risk esti-
mates for WC without hip circumference adjustment would
underestimate the risk of CVD“4® which reminded us that
large hip circumference may be a protective factor for CVD
in women.

The results of non-linear analysis can also help determine
the boundary markers for prevention of CVD. Cut-off points
recommended by WHO to define abdominal obesity are as
follows: WC > 102 cm, WHR > 1-0 for men, and WC > 88 cm,
WHR > 0-85 for women. According to our analysis, men
should keep their WC below 90 cm and WHR below 0-9 to
maintain cardiovascular fitness. As for women, they should
keep their WC below 80 cm and WHR should be as small as
possible within the normal range. WHtR below 0-5 applies
to both men and women.

It is worth mentioning that the existing literature suggested
that 0-5 was an appropriate boundary value for predicting
abdominal adiposity, cardiovascular risk and all-cause mortal-
ity. Research from Jayedi et al. of seventy-two prospective
cohort studies suggested that the risk of all-cause mortality
increased sharply when WHR was >0-5“7. Browning
et al.““®  Castanheira et al’s research conducted in 9246
Brazilian adults“? and Gibson ef al.’s recent data from 4112
adults in England®® had shown that 0-5 was a suitable cut-
off point for predicting cardiovascular risk. Several other
studies also supported this point of view®>?_ Our research
demonstrated that the risk of CVD increased sharply when
WHIR was over 0-5 through analysis of 187 137 participants
from different regions and races. This strongly supported
the simple public health message: Keep your WC to less than
half your height.

Many scientists have been studying how abdominal
obesity up-regulates the risk of CVD. Some researchers
believed that increased abdominal fat is a marker of more
ectopic fat in some organs, including liver and heart®®. Fat
tissue can be divided into subcutaneous fat tissues and
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Study %
ID ES (95% Cl) Weight
Men :
Abete (2015) —_— 1-58 (1-12, 2:25) 319
Aekplakorn (2007) . & 2.02 (1-03, 3-98) 1-06
Beer (2011) —_—— 1-41(1-16, 1:72) 634
Blomstrand (1998) —:—0—— 1-80 (1-20, 2-60) 273
Gelber (2008) —_—— 1-64 (1:07, 2:52) 233
Gruson (2015) -——— 1.22 (0-93, 1-60) 4.48
Hotchkiss F (2013) —_—— 1-55 (1-19, 2-01) 4-67
Hu (2007) —{-o— 1-55 (1-08, 2-26) 282
Kizer (2010) —— 1-02 (063, 1-67) 1-88
Lakka (2002) : - > 2.91(1-49, 5-67) 1-08
Myint (2014) — 1-22 (1-04, 1-44) 7-44
Rexrode (2001) ——-0-{— 1.23 (0-92, 1-66) 4.02
Rimm (1995) —— 1-42 (0-99, 2-04) 302
Sehested (2010) —l—t— 1-61(1:03, 2:52) 217
Walker (1996) y -+ 2-36 (1-:21, 4-64) 1-07
Yatsuya (2010) E - 1-49 (0-94, 2-35) 2:08
Subtotal (/°= 17-0%, P = 0-259) ¢ 1-43 (1:31, 1:57) 50-38
| |
Women 1
Abete (2015) —_—— : 0-92 (0-62, 1-37) 263
Blomstrand (1998) + - 2-10(1-10, 3-90) 119
Gelber (2008) :—ﬁ— 1-90 (1:37, 2:65) 345
Hotchkiss F (2013) —b—— 1-76 (1-31, 2-38) 3.96
Hu (2007) _— 1-07 (070, 1-63) 2.38
Kizer (2010) —_—— 1-71(1:19, 2:46) 3.00
Lu (2006) — 1-80 (1-00, 3-20) 1-39
Myint (2014) —— 1-30 (1-10, 1-54) 7-25
Rexrode (1998) - ¢ 2:43 (1-32, 4-48) 1.27
Sehested (2010) + -+ 2:05(1-17, 3-60) 1-47
Yang (2007) — 1-80 (1-10, 3-10) 169
Yatsuya (2010) —_—— 1-06 (0:74, 1:52) 3.04
Zhang (2009) = 1-34 (1-15, 1-57) 7-68
Subtotal (/°=49-9%, P = 0-021) <> 1-48 (1:29, 1:70) 40-41

1
Men and women !
Kizer (2010) —_—— 1-36 (1-08, 1-71) 543
Sturgeon (2007) _0—:— 1-04 (0-64, 1-68) 1.91
Wang (2004) - T 1-08 (0-66, 1-76) 1-86
Subtotal (/°= 0-0%, P = 0-494) <>| 1-26 (1-04, 1-52) 9:21
- 1
Overall (I°= 30-6%, P = 0-053) Q 1-43 (1:33, 1-54) 100-00
Note: Weights are from random effects analysis :

| I

02 1

Fig. 4. Forest plot of association between waist:hip ratio and risk of CVD. ES, effect size.

visceral adipose tissue according to their distribution. When
fat accumulates in vital organs such as liver and heart, it is likely
to be closely associated with an increased CVD risk. Therefore,
many researchers have put forward ideas that the essential role
of visceral fat in the development of CVD should be taken into
account®®. The expansion of adipose tissue would induce the
occurrence of adipokine secretion and function dysregulation,

which play a fundamental role in development of inflammatory
disorders, cardiometabolic disorders and vascular disorders, ulti-
mately leading to a variety of cardiovascular events®>. In addi-
tion, studies have found that pericardial fat and visceral adipose
tissue were associated with CVD after age and sex adjustment for
quantitative volume of adipose tissue by chest multidetector
computed tomography©®,
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ID ES (95% CI) Weight

Men |
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Tatsumi (2013) = 1.70 (1:34,215)  13-26
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Zhang (2009) —— 1.77 (1:38,2:26)  12.79

Subtotal (I°= 16-4%, P=0-310) <;> 1-67 (1-40,1-98)  42:29
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Blomstrand (1998) —— 2-10(1-10,3-90)  3:69

Kizer (2010) —— 1:21 (096, 1-52) 13-58

Subtotal (I°=61:2%, P=0-108) = 147 (0-88,2.46)  17:27
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Overall (I°= 37-6%, P = 0-083) ¢ 157 (1-37,1-79)  100-00

Note: Weights are from random effects analysis :
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Fig. 6. Forest plot of association between waist:height ratio and risk of CVD. ES, effect size.

In addition, many researchers take WHIR as a preferable indi-
cator in the prediction of CVD. The study of Castanheira et al., a
longitudinal study of Brazilian®’, revealed that WHtR was
better than other adiposity for predicting CVD with good
discriminatory power in Brazilian adults. Ashwell’s
meta-analysis also supported this conclusion, which was
conducted in 123 231 men and 182 620 women with hyper-
tension, type 2 diabetes, dyslipidaemia, the metabolic syn-
drome and general CVD®. Our study included a larger
sample size of healthy adults which confirmed this conclu-
sion to some extent.

In conclusion, our research showed that, as good indicators
of abdominal obesity, WC, WHR and WHItR were significantly
associated with the incidence of CVD. WHtR may be better than
WC and WHR, and 0-5 could be an appropriate boundary value
for the prediction of CVD.

This study has several strengths, we systematically assessed
the linear and non-linear dose-response relation between WC,
WHR, WHtR and the risk of CVD, and then we found all of these
three indicators were closely related to the risk of CVD. A total of
approximately 670 000 participants and 25 000 cases were
included in our study, which could help minimise potential bias
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Table 1. Subgroup analyses of waist circumference (WC) and risk of CVD in men and women

(Risk ratios (RR) and 95 % confidence intervals)

Men Women
n RR 95 % CI 12 (%) P n RR 95 % ClI 12 (%) P

All studies 17 1.42 1.25, 1-61 55-3 <0-001 15 1.46 1.24,1.71 61-4 <0-001
Outcome

CVD 4 1.64 1.26, 2:15 38-5 <0-001 4 1.92 1.24, 2.96 63-8 <0-05

CHD 4 1.27 097, 1-66 63-3 0-08 3 1-80 140, 2.32 0 <0-001

Stroke 6 1.36 1.06, 1-76 45.5 <0-05 7 1.21 097, 1-51 46-5 0-096

Mi 2 1.22 0-98, 1-52 0 0.07 2 1.03 0-77,1.38 0 0-854

VTE 2 2.06 1.59, 2.66 0 <0-001 2 2.07 1-46, 2.95 4.8 <0-001
Age (years)

<60 10 1.45 1.26, 1-66 29-8 <0-001 10 1.42 1-13,1.78 62-1 <0-05

>60 5 1.32 098, 1-78 742 0-068 4 1.35 1.01,1.78 62:5 <0-05
Geographic region

Europe 10 1.44 1.23, 1-69 64-4 <0-001 9 1.38 113, 1.69 533 <0-05

USA 4 1.48 1.02, 2:14 62-5 <0-05 4 1.29 0-88, 1-88 65-0 0-192

Asia 2 1.28 0-99, 1-66 0 0-055 2 1.57 1-30, 1-90 0 <0-001

Australia 1 1.80 1-11,2.92 - - 1 310 1.91, 5.03 - -
Follow-up duration

<10years 2 0-95 073, 1-:24 0 0-725 2 1.64 1.25,1.72 281 <0-05

>10years 15 1-49 1-33, 1-68 422 <0-001 14 1.44 1.20, 172 61-1 <0-001
Study quality

0-3 stars - - - - - - - -

3-6 stars 3 1.56 1.23,1-98 0 <0-001 2 117 0-82, 1-67 0 0-379

7-9 stars 14 1-41 1.23, 1-61 55-9 <0-001 14 1-50 1.27,1.79 62-0 <0-001
Number of participants

<5000 5 1.32 095, 1-84 58 0-096 2 1.84 0-66, 5-18 87-8 0-247

>5000 12 1.46 1.28, 1-66 50-7 <0-001 14 1.42 1.22, 1-65 513 <0-001

MI, myocardial infarction; VTE, venous thromboembolism.

preferably. To eliminate the interference of sex, we conducted
subgroup analyses of each sex based on the study and partici-
pant characteristics.

There are still some limitations in this study. Although the
estimates in our analyses were derived from maximally
adjusted models to reduce potential confounding factors,
the adjusted factors for each study are not identical and some
confounders still exist. This is a possible source of heterogeneity.
Some of studies included in our analysis collected information
via self-reporting questionnaires, which might produce errors

in the measurement of WC, WHR and WHtR. The publication
bias was found in the analysis of relationship between WHR
and CVD risk, while the result was still statistically significant
when ‘trim-and-fill’ was applied to correct the bias. Therefore,
the results were basically reliable. Furthermore, most available
studies have focused on the degree of adiposity as important risk
factors in the development of CVD, but the effect of the duration
of obesity was ignored. The consequences of exposure to higher
levels and longer duration of obesity should be taken into
account in future studies.
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Table 2. Subgroup analyses of waist:hip ratio (WHR) and risk of CVD in men and women
(Risk ratios (RR) and 95 % confidence intervals)

R. Xue et al.

Men Women
n RR 95 % ClI 12 (%) P n RR 95% ClI 12 (%) P

All studies 16 1.43 1.31,1.57 17-0 <0-001 13 1.48 1.29, 1-70 499 <0-001
Outcome <0-001

CVD 4 1.34 119, 1-50 11 <0-001 3 1.62 118, 2.22 64-6 <0-05

CHD 7 1-50 1.26, 1-78 35-5 <0-001 4 1.89 1.51, 2.36 0 <0-001

Stroke 5 1.50 1.20, 1-87 184 <0-001 6 1.26 1.05, 1-52 411 <0-001

Mi - - - - - -

VTE - - - - - -
Age (years)

<60 10 1.54 1.35,1-75 58 <0-001 9 1.43 1.18, 1-72 53-4 <0-001

>60 5 1.29 1-16, 1-44 0 <0-001 3 1.56 1-21, 2.01 599 <0-001
Geographic region

Europe 7 1.44 1.24, 1-68 39-6 <0-001 7 1.40 1-19, 1-66 50-6 <0-001

USA 7 1.45 1.22,1-73 187 <0-001 5 1.69 1.27,2.24 53.7 <0-001

Asia - - - - 1 1.34 1-15, 1.57 - -

Australia 2 1.45 1.20, 1.75 0-2 <0-001 - - - -
Follow-up duration

<10years 6 1.38 1.20, 1-58 277 <0-001 4 1.44 1.19,1.73 46-2 <0-001

>10years 10 1-50 1.31,1.72 126 <0-001 9 1.48 1.21, 1-81 54.2 <0-001
Study quality

0-3 stars - - . - - - . -

3-6 stars 3 1.77 1.29, 245 27-2 <0-001 1.44 076, 2.72 69-6 0-259

7-9 stars 13 1-39 1.27,1-52 10-5 <0-001 11 1.49 1.29,1.72 511 <0-001
Number of participants

<5000 5 1.55 119, 2-.04 45.6 <0-001 2 1.80 1.33, 245 49.9 <0-001

>5000 11 1.40 1.27,1-55 94 <0-001 11 1.44 1.24,1-67 52.5 <0-001
MI, myocardial infarction; VTE, venous thromboembolism.
Table 3. Subgroup analyses of waist:height ratio (WHtR) and risk of CVD in men and women
(Risk ratios (RR) and 95 % confidence intervals)

Men Women
n RR 95 % ClI 12 (%) P n RR 95% CI 12 (%) P

All studies 6 1.56 1.25,1-95 38-2 <0-001 5 1.67 1-40, 1-98 164 <0-05
Outcome

CVD 2 1.65 1.23, 2.21 0 <0-05 2 1.79 1.28, 2:50 0 <0-001

CHD 3 1.59 1.24, 2.03 0 <0-001 1 1-51 077, 2.96 - -

Stroke 3 1.59 0-85, 3-00 72.7 <0-05 3 1.66 1.29, 213 421 <0-001

Mi - - - - - - - -

VTE - - - - - - - -
Age (years)

<60 3 1.73 1.23, 243 14.3 <0-05 2 1.79 1.43,2.24 0 <0-001

>60 3 1.33 095, 1-87 45.4 0-444 3 1-53 112, 2.09 397 <0-05
Geographic region

Europe 1 1.53 1-16, 2.01 - - 1 1.90 1-11, 324 - -

USA 2 1.26 0-69, 2-30 68-8 0-444 2 1.39 0-93, 2.08 44.2 0-111

Asia 3 1.78 1.42,2.22 0 <0-001 2 1-81 1-49,2:18 0 <0-001

Australia - - - - - - - -
Follow-up duration

<10years 1 3:56 1-11,11.43 - - 1 1.77 1.38, 2.27 - -

>10years 5 1.52 1.23, 1-88 35-1 <0-001 4 1-62 1.27, 2.07 329 <0-001
Study quality

0-3 stars - - - -

3-6 stars 1 3:56 1-11,11.43 - - - - - -

7-9 stars 5 1.52 1.23, 188 351 <0-05 5 1-67 1-40, 1-98 16-4 <0-05
Number of participants

<5000 3 1.68 077, 3-67 68-5 0-19 1 117 0-82, 1.67 - -

>5000 3 1.64 1.38, 1-94 0 <0-001 4 1-81 1.53, 2:14 0 <0-001

MI, myocardial infarction; VTE, venous thromboembolism.
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Conclusion

According to the analysis of existing evidence, we found that the
risk of CVD is related to abdominal obesity. The risk of CVD rose
continually with the increase of WC, WHR and WHtR when they
exceeded a certain range. Keep your WC to less than half your
height could help reduce the risk of CVD. As sample and useful
indicators of abdominal obesity, WC, WHR and WHIR, especially
WHIR, are worth to popularise in future study and clinical appli-
cation to help prevent CVD.
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