12 Biomed Environ Sci, 2016; 29(1): 12-23

Original Article

Measures of Abdominal Adiposity and Risk of Stroke: A
Dose-Response Meta-analysis of Prospective Studies’

ZHONG Chong Ke"", ZHONG Xiao Yan®™’, XU Tan', and ZHANG Yong Hong'*

1. Department of Epidemiology, School of Public Health and Jiangsu Key Laboratory of Preventive and
Translational Medicine for Geriatric Diseases, Medical College of Soochow University, Suzhou 215123, Jiangsu,
China; 2. School for Radiological & Interdisciplinary sciences (RAD-X), and School of Radiation Medicine and
Protection, Soochow University, Suzhou 215123, Jiangsu, China

Abstract

Objective Waist circumference, waist-to-hip ratio and waist-to-height ratio, which are the indicators
or measures of abdominal adiposity, have long been hypothesized to increase the risk of stroke; yet
evidence accumulated till date is not conclusive. Here, we conducted a dose-response meta-analysis to
summarize evidences of the association between these measures of abdominal adiposity and the risk of
stroke.

Methods PubMed and Web of Science databases were searched from inception to May 2015. Two
investigators independently conducted the study selection and data extraction. Dose-response
relationships were assessed by the generalized least squares trend estimation, while the summary effect
estimates were evaluated by the use of fixed- or random-effect models. Subgroup and sensitivity
analyses were performed to assess the potential sources of heterogeneity and the robustness of the
pooled estimation. Publication bias of the literature was evaluated using Begg’s and Egger’s test.

Results Altogether 15 prospective cohort studies were identified in this study. The summary of
relative risks (95% confidence intervals) of stroke for the highest versus the lowest categories was 1.28
(1.18-1.40) for waist circumference, 1.32 (1.21-1.44) for waist-to-hip ratio, and 1.49 (1.24-1.78) for
waist-to-height ratio. For a 10-cm increase in waist circumference, the relative risk of stroke increased
by 10%; for a 0.1-unit increase in waist-to-hip ratio, the relative risk increased by 16%; and for a
0.05-unit increase in waist-to-height ratio, the relative risk increased by 13%. There was evidence of a
nonlinear association between waist-to-hip ratio and stroke risk, P oninearit,=0.028.

Conclusion Findings from our meta-analysis indicated that waist circumference, waist-to-hip ratio, and
waist-to-height ratio were positively associated with the risk of stroke, particularly ischemic stroke.
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INTRODUCTION

troke is the second most common cause of
death worldwide and the leading cause of
long-term neurological disability in adults,
with more than half the survivors depending on
others for everyday activities™ . Obesity is a major
public health concern worldwide and is associated
with increased risk of atherosclerotic vascular disease,
including myocardial infarction and stroke®*.
Abdominal obesity is more closely related to
metabolic dysfunctions connected with
cardiovascular disease (CVD), than general obesitym.
Moreover, visceral adipose tissue secretes higher
amounts of inflammatory cytokines and is associated
with a greater atherosclerotic risk profile than
subcutaneous fat, when present in excess™ ). Waist
circumference (WC), waist-to-hip ratio (WHR), and
waist-to-height ratio (WHtR) are proxy measures of
visceral adipose tissue®™. A previous pooling analysis
of 15 prospective studies showed that WC and WHR
were strongly associated with the risk of
cardiovascular disease incidence®. Waist-to-height
ratio is less commonly used than WC and WHR,
while the cut-off point for CVD is subject to less
ethnic variation“ol, and several studies have shown
that WHtR correlates better to cardiovascular risk
factors than BMI™. During the past decades, a
number of prospective studies have evaluated the
association between the measures of abdominal
obesity and the risk of stroke™* 27, However, these
results were inconsistent mainly owing to
differences in sample size, sex, study population,
study quality, or residual confounding among these
studies. Some reports have demonstrated a
significant correlation of measures of abdominal
adiposity with stroke, while others have not.
Furthermore, the exact shapes of the dose-response
curves for WC, WHR, or WHtR and stroke risk have
not been clearly defined.
Thus, we conducted a dose-response meta-
analysis to clarify and quantitatively assess the
relationship of WC, WHR, and WHtR with stroke risk.

METHODS

Data Sources and Search Strategy

This review was conducted and reported
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Statement,
20095, Any prospective study that examined the
relationship between measures of abdominal

adiposity and stroke was eligible for inclusion in our
study. We searched PubMed and Web of Science
databases for articles published until May 2015, and
used the keywords ‘WC’, ‘WHR’, ‘WHtR’, ‘waist’,
‘waist circumference’, ‘waist-to-hip ratio’,
‘waist-to-height ratio’, or ‘abdominal obesity’;
‘stroke’, ‘cerebral infarction’, ‘brain infarction’,
‘cerebrovascular disease’, ‘cerebral hemorrhage’,
‘intracranial hemorrhage’, or ‘cerebrovascular
disorder’; and ‘nested case-control’, ‘follow-up
study’, ‘prospective study’, or ‘cohort study’. We also
conducted manual searches of the reference lists of
all the retrieved papers and recent reviews to
identify additional eligible studies.

Study Selection

The eligible studies met the following inclusion
criteria: 1) the study had a prospective design
(prospective  cohort or prospective nested
case-control study); 2) the study investigated the
association between measures of abdominal
adiposity (WC, WHR, or WHtR) and the risk of
nonfatal and/or fatal stroke; 3) the authors reported
effect estimates [risk ratio (RR), hazard ratio (HR), or
odds ratio (OR)], and 95% confidence intervals (Cls)
for at least 3 quantitative categories of abdominal
adiposity indices. We excluded all case-control
studies because various confounding factors could
bias the results. If multiple articles were published
from the same cohort, we selected the article for
which the primary focus was the association
between measures of abdominal adiposity and
stroke risk2%%. Study selection was conducted
independently by two authors (CKZ and XYZ) by
using a standardized approach. Any disagreements
were resolved by discussion.

Data Collection and Quality Assessment

Data extraction and quality assessment were
independently performed by two investigators (CKZ
and XYZ), and independently checked for accuracy
by a third investigator (YHZ). The following data
elements were extracted from each study: first
author's or study group's name, publication year,
country, study design, sample size, assessment of
exposure, number of events, age at baseline,
percentage of male, follow-up duration, and
covariates in the fully adjusted model. In addition,
we extracted the number of cases, person-years or
number of non-cases, effects of the different
exposure categories, and the 95% Cls. For the
studies that reported several multivariable-adjusted
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RRs, we selected the effect estimate that was
maximally adjusted for potential confounders. The
Newcastle-Ottawa Scale (NOS) was used to evaluate
methodological qualitym]. The NOS is a
comprehensive tool that has been partially validated
for evaluating the quality of observational studies in
meta-analyses, and a higher score represents better
methodological qualitym] (Supplement Table 1,
www.besjournal.com for details).

Statistical Analysis

We examined the relationship between
anthropometric markers of abdominal adiposity and
the risk of stroke on the basis of the adjusted RR and
its 95% ClI published in each study. We first used
fixed- or random-effect models to calculate the
summary of RRs and 95% Cls for the highest
compared with the lowest category of abdominal
adiposity indices®>>%. For the studies that reported
stratified risk estimates by sex or age, or reported
results for ischemic stroke subtypes only, we
combined these estimates using fixed-effect models
and then included the pooled estimates for the
meta-analysisBS'SG]. Next, we used the method
described by Greenland and Longneckerm] and
Orsini et al.”® for dose-response analysis, and
computed study-specific slopes (linear trends), 95%
Cls from the natural logs of the RRs, and Cls across
categories of anthropometric measures. The method
requires that the distributions of cases and
person-years or non-cases and the RRs with the
variance estimates for at least three quantitative
exposure categories are known. We estimated the
distribution of cases or person years in studies that
did not report these, but reported the total number
of cases or person years, if the results were analyzed
by quantiles (and could be approximated)lsg]. For
every study, the median or mean level of
anthropometric measures per category was assigned
to each corresponding RR estimate. When the
median or mean level per category was not provided,
we assigned the midpoint of the upper and lower
boundaries in each category as average level. If the
highest or lowest category was open ended, we
assumed the width of the interval to be the same as
in the closest category.

Finally, we examined a potential non-linear
relationship between measures of abdominal
adiposity and risk of stroke by modeling WC, WHR,
and WHItR using restricted cubic splines with three
knots at fixed percentiles: 10%, 50%, and 90%, of the
distribution®”. The P-value for non-linearity was

calculated by testing the null hypothesis that the
coefficient of the second spline was equal to zero.

Heterogeneity test was performed by the use of
Qand I statistics". For the Q statistic, a P-value<0.1
was considered statistically significant heterogeneity.
Subgroup and meta-regression analyses by
geographic area, sex, assessment of exposure,
duration of follow-up, and the number of cases were
conducted to investigate potential sources of
heterogeneity. We also performed a sensitivity
analysis by removing each individual study from the
meta-analysis. Because all the studies included were
well-conducted (NOS score >7), we did not perform
sensitivity analyses according to study quality. Several
methods were used to check for potential publication
bias. Visual inspection of funnel plots for stroke was
conducted; Egger’s linear regression tests*? and
Begg’s rank correlation tests™ were also used to
statistically and quantitatively assess publication bias.
All reported P values were 2-sided, and P<0.05 was
considered statistically significant for all included
studies. Statistical analyses were performed using
STATA software (version 12.0; STATA Corporation,
College Station, TX, USA).

RESULTS

Studies and Patient Characteristics

Of the 679 articles identified from database
searches, 15 prospective studies from 16
publications met the inclusion criteria. The results of
the study selection process are shown in Figure 1. A
manual search of the reference lists of these studies

Potential articles from PubMed and
Web of Science (n=679)

618 records were excluded
Duplicated records
Not relevant exposure or outcome
Not prospective study

Full-text articles retrieved for further assessment (n=61)

45 records were excluded
Not relevant exposure (n=11)
Not relevant outcome (n=19)
No risk estimate (n=3)
Used less than 3 categories (n=11)
Duplicate reports (n=1)

Y

16 publications (15 prospective studies)
included in meta-analysis

Figure 1. Flow-chart of study selection.
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did not yield any new eligible studies. Characteristics
of the selected studies are presented in Table 1 and
Supplement Table 2, www.besjournal.com for details.
All of the included reports were prospective cohort
studies that were published between 1996 and 2015.
Amongst them, 4 studies were conducted in
Asia[u’ls'w’zzl, 4 in the United States[19'2°’26'27], 6 in
Europem'”’”’zs'zsl, and 1 was multinational™®. The
follow-up period for participants was 4-19.5 years,
and about 1034-94744 individuals were included in
each study. Study quality was assessed by using the
NOS. Altogether, four studies had a score of
gl1315.18,23] , six studies had a score of gl121719:20.25 27]
and five studles had a score of 71*#162224261 p total
of 12 cohorts consisting of 405,411 participants
(11,775 individuals experienced stroke) were
included in the analysis for WC and stroke risk; 10
cohorts consisting of 407,074 participants (10,625
experienced stroke) were included in the analysis for
WHR and stroke risk; and 7 cohorts with 272,269
participants (6163 experienced stroke) were
included in the analysis for WHtR and stroke risk.

Main Analysis

The adjusted RRs for each study and all studies
combined, for the highest versus lowest categories
of WC, WHR, and WHtR in relation to stroke risk are
shown in Figure 2. Overall, the pooled analysis
showed that individuals in the highest category of
WC, WHR, and WHtR had a significantly increased
risk of stroke compared with those in the lowest
category. RR was 1.28 (95% Cl, 1.18 to 1.40; IZ=15.6%,
P=0.291) for WC (n=12), 1.32 (95% Cl, 1.21 to 1.44;
1’=0.0%, P=0.761) for WHR (n=10), and 1.49 (95% Cl,
1.24 to 1.78; ’=52.6%, P=0.049) for WHtR (n=7).

The associations between measures of
abdominal adiposity and risk of stroke subtypes are
presented in Table 2. All RRs were estimated on the
basis of the comparison of the highest with the
lowest categories of WC, WHR, and WHtR. There
was a significant positive association between WC,
WHR, and WHtR and ischemic stroke; the summary
of RRs (95% Cls) were 1.41 (1.21-1.56), 1.35 (1.21-
1.50), and 1.55 (1.37-1.76), respectively. However,
no significant relationship was observed between
abdominal adiposity indices and hemorrhagic stroke.

Subgroup,
Analyses

Meta-regression, and  Sensitivity

Table 3 shows the results of subgroup analyses

stratified by geographic area, sex, assessment of
exposure, duration of follow-up, and the number of
cases. The associations of stroke risk with high
abdominal adiposity indices were positive compared
to low abdominal adiposity indices in all strata, and
were statistically significant in most of the subgroups.
In meta-regression analyses, only geographic location
was found to modify the association between WHtR
and stroke with a statistically significant positive
association among Asian and European studies, but
not among those of the United States,
Pheterogeneity=0.037.  Sensitivity analyses investigating
the influence of a single study on the overall risk
estimate by omitting one study in each turn indicated
that the overall risk estimates were not substantially
modified by any single study, with a range from 1.24
(95% Cl: 1.03-1.51) to 1.31 (95% Cl: 1.10-1.57) for WC,
from 1.31 (95% Cl: 1.09-1.56) to 1.33 (95% Cl:
1.11-1.60) for WHR, and from 1.37 (95% Cl: 1.07-1.76)
to 1.52 (95% Cl: 1.20-1.94) for WHtR.

Dose-response Analysis

As shown in Figure 3, for a 10 cm increase in WC,
the relative risk of stroke increased by 10% (RR=1.10,
95% Cl: 1.07-1.14; I’=31.7%, P=0.138); for a 0.1 unit
increase in WHR, the relative risk of stroke increased
by 16% (RR=1.16, 95% Cl: 1.06-1.27; [I’=75.2%,
P=0.000); and for a 0.05 unit increase in WHtR, the
relative risk of stroke increased by 13% (RR=1.13,
95% Cl: 1.07-1.19; F=55.8%, P=0.035). There was
evidence of a nonlinear association between WHR
and stroke risk, Proniinearity=0.028, with a slight
flattening of the curve at higher WHR levels; for a
WHR of 0.64, the RRs of stroke were 1.2, 1.5, 1.6,
and 1.7, and for a WHR of 0.74, 0.94, 1.14, and 1.54,
respectively. However, there was no evidence of a
nonlinear association between WC and WHtR with
stroke  risk:  Proniinearity=0.06  for  WC, and
Proniinearity=0.93 for WHtR (Figure 4 and Supplement
Tables 3-5, www.besjournal.com for details).

Publication Bias

A review of funnel plots could not eliminate the
potential for publication bias for stroke (Supplement
Figure 1, www.besjournal.com for details). The
Begg’s and Egger’s test results disclosed no evidence
of publication bias for stroke (Begg: P=0.945 for WC;
P=0.721 for WHR, and P=0.548 for WHtR; Egger:
P=0.852 for WC; P=0.524 for WHR, and P=0.234 for
WHI{tR).
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A Waist circumference and stroke, high versus low. %
Study Year RR (95% Cl)  Weight
Abete et al.[13] 2014 I 1.28 (0.54,3.02) 1.04
Tikk et al.[14] 2014 ——:—-— 1.44 (0.90, 2.30) 3.49
Wang et al.[16] 2013 —_— 1.26 (1.06, 1.52) 23.64
Wannamethee et al.[17] 2013 —-——: 0.85 (0.58, 1.24) 5.32
Bodenant et al.[18] 2011 — 1.14(0.85,1.53) 8.89
Furukawa et al.[21] 2010 -—:—-— 1.78(0.97,3.24) 2.11
Kizer et al.[19] 2010 ——*—{— 1.10(0.83, 1.45) 9.87
Yatsuya et al.[20] 2010 —-h:— 1.09 (0.81, 1.48) 8.45
Zhang et al.[22] 2009 = 1.50 (1.21, 1.86) 16.62
Hu et al.[23] 2007 —:— 1.45(1.09, 1.92) 9.58
Lu et al.[24] 2006 : 1.70(0.90, 3.40) 1.74
Dey et al.[25] 2002 e 1.46 (1.09, 1.94) 9.24
Overall (I-squared=15.6%, P=0.291) @ 1.28(1.18, 1.40) 100.00
i
T ! T

0.5 1 1.5
B Waist-to-hip ratio and stroke, high versus low. %

Study Year RR(95% Cl)  Weight
Abeteetal.[13] 2014 —— 1.22(0.72,2.07) 2.77
Wang et al.[16] 2013 —— 1.29(1.08,1.56) 22.87
Bodenant et al.[18] 2011 —,— 1.36(1.09,1.70) 15.66
Kizer et al.[19] 2010 ——:— 1.29(0.87,1.91) 5.00
Yatsuya etal.[20] 2010 = 1.17(0.87,1.59) 851
Zhang et al.[22] 2009 E B 1.34(1.15,1.57) 31.91
Sturgeon et al.[27] 2007 —*—f— 1.04 (0.64, 1.68) 3.32
Hu et al.[23] 2007 T—— 1.30(0.91,1.87) 5.96
Lu et al.[24] 2006 e 1.80(1.00,3.20) 2.29
Walker et al.[26] 1996 ——=——1236(1.21,464) 171
Overall (I-squared=0.0%, P=0.761) Q) 1.32(1.21, 1.44) 100.00

|

|

I

T T
0.5 1 15
C Waist-to-height ratio and stroke, high versus low. %

Study Year RR (95% Cl) Weight

T
Xu et al.[12] 2014 ———=——3.56(1.11,11.44) 2.19

|
Tatsumi et al.[15] 2013 —:—-— 1.49(1.24,1.78) 12.58
Wang et al.[6] 2013 = 1.90(1.10, 3.20) 23.12

|
Bodenant et al.[18] 2011 —-—:— 1.77(1.38,2.26) 17.44
Kizer et al.[19] 2010 - 1.07 (0.81,1.42) 17.44

|
Zhang et al.[22] 2009 ""—I 1.29(0.97,1.72) 19.33
Lu et al.[24] 2006 —t=— 1.38(1.15,1.66) 8.21
Overall (I-squared=52.6%, P=0.049) <> 1.84(1.25,2.71) 100.00

|

|

|

0.5 115

Figure 2. Waist circumference (A), waist-to-hip ratio (B), and waist-to-height (C) and stroke. Summary
estimates were calculated using fixed- or random-effects models.
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Table 2. Measures of Abdominal Adiposity and Risk of Stroke Subtypes

Abdominal Adiposity Measures N RR (95% Cl) P Pheterogeneity
Waist circumference
Ischemic stroke 7 1.41(1.27-1.56) 53.6 0.044
Hemorrhagic stroke 4 1.19 (0.94-1.52) 73.1 0.011
Waist-to-hip ratio
Ischemic stroke 7 1.35(1.21-1.50) 1.2 0.415
Hemorrhagic stroke 5 1.18 (0.95-1.47) 35.2 0.187
Waist-to-height ratio
Ischemic stroke 8 1.55(1.37-1.76) 39.9 0.112
Hemorrhagic stroke 3 1.30(0.99-1.73) 82.5 0.003
DISCUSSION after adjusting for age and cohort characteristics.

This meta-analysis of 15 prospective cohort
studies provided a quantitative estimate of the
association between measures of abdominal
adiposity and stroke risk. In a comparison of the
highest with the lowest category of abdominal
adiposity indices, the risk of stroke increased
significantly, by 28% for WC, by 32% for WHR, and by
49% for WHtR. With respect to stroke subtypes, the
association was significantly positive for ischemic
stroke, but not for hemorrhagic stroke. In addition,
the dose-response analysis also showed consistent
associations between measures of abdominal
adiposity and increased risk of stroke. To our
knowledge, for the first time in a meta-analysis on
this correlation, we found a potential nonlinear
association between WHR and stroke risk; there was
a steep increase in relative risk with increasing WHR
from low levels, followed by a slight flattening of the
curve with higher WHR.

BMI is the most common anthropometric
marker for assessing obesity; however, it cannot
distinguish between muscle-related obesity and that
due to fat accumulation. Further, BMI does not allow
the assessment of fat distributionlzg], therefore, it
may incorrectly estimate the association of stroke
risk with adiposity for individuals with heavy muscle
mass. Abdominal obesity measures such as WC,
WHR, and WHtR were shown to be a more accurate
measure of body fat distribution™* and appear to
be more strongly associated with metabolic risk
factors, CVD, and death™®™™ A previous
meta-analysis of 15 prospective  studies
demonstrated that WHR and WC were significantly
associated with the risk of CVD incidence events®.
Specifically, a 1 cm increase in WC was associated
with a 2% increase, and a 0.01 increase in WHR
was associated with a 5% increase in risk of CVD,

Similarly, in this study, we found that for a 10 cm
increase of WC, the relative stroke risk increased by
10%; for a 0.1 unit increase of WHR, the relative
stroke risk increased by 16%; and for a 0.05 unit
increase in WHtR, the relative stroke risk increased
by 13%.

The meta-analysis by the Emerging Risk Factors
Collaboration (ERFC) documented that abdominal
adiposity measures assessed singly or in combination
with BMI, did not significantly improve the
prediction of CVD risk when additional information
was available on blood pressure, history of diabetes,
and cholesterol measures®. Moreover, abdominal
obesity has been found to be associated with
traditional cardiovascular risk factors, such
hypertension, diabetes, and hyperlipidemia[49'52].
These may partially explain the observed association
between abdominal adiposity measures and stroke.
Nevertheless, abdominal obesity per se is a risk
factor for stroke because the association between
the indicators of abdominal obesity and the risk of
stroke remained statistically significant after
adjusting for cardiovascular risk factors. The stroke
risk associated with abdominal adiposity is mainly
attributed to visceral adipose tissue, for it secretes
high amounts of inflammatory cytokines. Although
visceral adipose tissue stores can be measured by
computerized axial tomography and magnetic
resonance imaging, these techniques are not feasible
for everyone. Early and accurate identification of the
population at high risk of stroke is important to
predict and prevent stroke development. WC, WHR,
and WHtR are inexpensive screening tools and have
high reproducibility to identify the individuals with
excessive visceral adipose tissue. Therefore, it is
important that these simple abdominal adiposity
measures be incorporated into stroke risk
assessment.
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A Waist circumference and stroke, per 10 cm. %

Study Year RR (95% Cl) Weight
Abete et al.[13] 2014 — 1.03(0.91,1.18) 6.52
Tikk et al.[14] 2014 ——— 1.21(0.98, 1.50) 2.27
Wang et al.[16] 2013 —I-— 1.12(1.01, 1.24) 10.14
Wannamethee et al.[17] 2013 1.13(1.05,1.22) 18.80
Bodenant et al.[18] 2011 —-——:— 0.92(0.73,1.16) 1.92
Furukawa et al.[21] 2010 — = 1.05(0.91,1.21) 5.19
Kizer et al.[19] 2010 - 1.03 (0.94,1.13) 12.53
Yatsuya et al.[20] 2010 —t 1.03(0.95,1.11) 15.77
Zhang et al.[22] 2009 —— 1.24(1.12,1.37) 10.05
Hu et al.[23] 2007 N 1.13(1.00,1.27) 7.46
Lu et al.[24] 2006 ——:—-— 1.16 (0.94, 1.43) 2.38
Dey et al.[25] 2002 —— 1.16(1.03, 1.32) 6.97
Overall (I-squared=31.7%, P=0.138) d} 1.10(1.07, 1.14) 100.00

I

|

I

T

T
0.5 1 1.5

B Waist-to-hip ratio and stroke, per 0.1 unit. %
Study Year RR(95% Cl)  Weight
I T
Abete et al.[13] 2014 = 1.03(0.95, 1.11) 15.17
Wang et al.[16] 2013 4= 1.21(1.07, 1.36) 12.89
Bodenant et al.[8] 2011 & 1.21(1.03,1.43) 10.63
Kizer et al.[19] 2010 ——-;— 1.13(0.93,1.38) 9.38
Yatsuya et al.[20] 2010 —-JI— 1.08 (0.93,1.26) 11.41
Zhang et al.[22] 2009 b 1.32(1.15, 1.51) 12.10
Hu et al.[27] 2007 T 1.19 (0.85, 1.68) 4.78
Lu et al.[23] 2007 —{—-— 1.45 (1.04, 2.02) 5.02
Walker et al.[24] 2006 | ——=———2.44(143,4.16) 235
Sturgeon et al.[26] 1996 ~ : 1.00 (0.96,1.05) 16.27
Overall (I-squared=75.2%, P=0.000) 4} 1.16 (1.06, 1.27) 100.00
|
|
T ! T
0.24 1 4.16
C Waist-to-height ratio and stroke, per 0.05 unit. %
Study Year RR (95% Cl)  Weight
|
Xu et al.[12] 2014 e 1.06 (0.92, 1.21) 10.50
Tatsumi etal.[15] 2013 — 1.13(1.05,1.21) 18.58
|
Wang et al.[16) 2013 —a— 1.15 (1.08, 1.22) 20.81
Bodenant et al.[18] 2011 —_— 1.06 (0.91,1.24) 8.52
|
Kizer et al.[19] 2010 ——*—: 1.03(0.95,1.12) 17.23
Zhang et al.[22] 2009 | —=—  1.26(1.16,1.36) 17.20
|
Lu et al.[24] 2006 f 1.20(1.01, 1.43) 7.16
Overall (I-squared=55.8%, P=0.035) <> 1.13 (1.07,1.19) 100.00
I
|
|
T ! T
0.699 1 143

Figure 3. Waist circumference (A), waist-to-hip ratio (B), and waist-to-height (C) and stroke. Summary
estimates were calculated using fixed- or random-effects models.
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Figure 4. Dose-response relationship between waist circumference (A), waist-to-hip ratio (B), and

waist-to-height (C) and stroke risk.

Our meta-analysis has some limitations that may
affect the interpretation of results. Unmeasured and
residual confounders are always a concern in
observational studies. Although there was no
evidence of small study effects with the statistical
tests in our analysis, it was still possible that a
number of studies with null results remained
unpublished, and this could lead to exaggerated risk
estimates.  Further, there was substantial
heterogeneity in the main analysis of WHtR and
stroke. We did not find subgroup heterogeneity
when stratified by sex, or any other study
characteristics examined, except for geographic
location, which significantly modified the association
between WHtR and stroke. Positive association was
found in the Asian and European studies, but was
not significant in the United States. However, it is
not clear whether this is a chance finding because
there was only 1 American (USA) study in this
subgroup analysis, or if it is due to genetic or other
factors. Measurement errors in the assessment of
waist, hip, and height may have influenced the
results. In the current meta-analysis, the associations
persisted in studies where waist, hip, and height had
been measured correctly. Self-reported
anthropometric measures seemed to overestimate
the effects between WC and stroke, although they
were not statistically significant. However, there was
no significant heterogeneity between studies that
used measured and self-reported anthropometric
measures. The number of hemorrhagic strokes
included in this meta-analysis was relatively small,
and thus, might limit our ability to detect a modest
association between the abdominal obesity
indicators and hemorrhagic stroke.

Our meta-analysis had several strengths that
likely increased the reliability and validity of the
findings. First, only prospective cohort studies were
included, which should eliminate selection and recall
bias. Second, the large sample size and high quality

of the studies provided statistical power to detect
important association. Third, we conducted several
subgroup analyses and observed that the positive
association persisted in most of the subgroup
analyses, and the findings were also robust in
sensitivity analyses where each study was excluded
one at a time. In addition, the dose-response
analysis included a wide range of abdominal
adiposity indices, which allowed an accurate
assessment of the dose-response relationship
between abdominal adiposity and stroke risk.

In conclusion, the findings of our meta-analysis
indicated that waist circumference, waist-to-hip
ratio, and waist-to-height ratio were positively
associated with risk of stroke, in particular, ischemic
stroke. There was a nonlinear positive association
between waist-to-hip ratio and stroke risk.
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