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Aims The objectives of this study were to determine the association of waist circumference (WC) and
waist-to-hip ratio (WHR) with the risk of incident cardiovascular disease (CVD) events and to determine
whether the strength of association of WC and WHR with CVD risk is different.

Methods and results This meta-regression analysis used a search strategy of keywords and MeSH terms
to identify prospective cohort studies and randomized clinical trials of CVD risk and abdominal obesity
from the Medline, Embase, and Cochrane databases. Fifteen articles (n =258 114 participants, 4355
CVD events) reporting CVD risk by categorical and continuous measures of WC and WHR were included.
For a 1 cm increase in WC, the relative risk (RR) of a CVD event increased by 2% (95% Cl: 1-3%) overall
after adjusting for age, cohort year, or treatment. For a 0.01 U increase in WHR, the RR increased by 5%
(95% Cl: 4-7%). These results were consistent in men and women. Overall risk estimates comparing the
extreme quantiles of each measure suggested that WHR was more strongly associated with CVD than
that for WC (WHR: RR=1.95, 95% Cl: 1.55-2.44; WC: RR=1.63, 95% Cl: 1.31-2.04), although this
difference was not significant. The strength of association for each measure was similar in men and
women.

Conclusion WHR and WC are significantly associated with the risk of incident CVD events. These simple

measures of abdominal obesity should be incorporated into CVD risk assessments.

Introduction

Abdominal obesity is increasingly recognized as a major risk
factor for cardiovascular disease (CVD). Compared with body
mass index (BMI), anthropometric measures of abdominal
obesity [e.g. waist circumference (WC), waist-to-hip ratio
(WHR), sagittal abdominal diameter] appear to be more
strongly associated with metabolic risk factors,"? incident
CVD events, and death.3”7 The cardio-metabolic risk associ-
ated with abdominal obesity is attributed to the presence of
visceral adipose tissue (VAT), which promotes insulin resist-
ance, dyslipidaemia, and hypertension.® "% VAT stores can be
measured by computerized axial tomography, magnetic reson-
ance imaging, and dual energy x-ray absorptiometry, but these
techniques are not feasible and too expensive for everyday
use. WC and WHR are the most common proxy measures of
VAT. Both measures are correlated with VAT; however, WC
is more strongly associated with VAT.'"'3 Despite this,
WHR may be a better predictor of CVD risk as hip circumfer-
ence is inversely associated with the development of
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cardio-metabolic risk factors and CVD.'*'® Opinion is
divided as to which is a more appropriate measurement.

We performed a systematic review and meta-regression
analysis of all available prospective cohort studies and ran-
domized clinical trials (RCTs) of CVD that measured WC or
WHR. The objectives of this study were to (1) determine
the association of each measure with the relative risk (RR)
of incident CVD events in men and women and (2) determine
whether the strength of association differs between the two
measures.

Methods
Search strategy

We identified studies of abdominal obesity and cardiovascular out-
comes by searching in the Cochrane Library (inception of database
to issue no. 4, 2006), EMBASE (1980 to week 45, 2006), and
MEDLINE (1966 to November week 1, 2006). We used a combination
of keywords [e.g. waist, WHR, abdominal obesity, myocardial infarc-
tion (MI), stroke, angina] and medical subject headings (e.g. heart
arrest, cerebrovascular accident, myocardial ischaemia, myocardial
revascularization) to maximize our search sensitivity (see Sup-
plementary material online). Searches were performed using the
OVID search engine (release 10.0.0) by de Koning and Pierroz, and
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articles were evaluated for inclusion by de Koning and Merchant.
Bibliographies of studies that met inclusion criteria were manually
searched for relevant articles. Authors were contacted for
additional details (e.g. outcome definitions) or if results were pre-
sented in an incompatible format.

Inclusion criteria

English language prospective cohort studies or RCTs that reported
RR estimates (or the data to calculate them) for incident CVD
events were eligible for inclusion in our review. CVD was defined
as fatal and non-fatal CHD and stroke events. CHD events included
MI, ischaemic heart disease (angina), and coronary interventions
(coronary artery bypass surgery or coronary angioplasty) according
to ICD-9 codes 410-414. Stroke events included ischaemic and hae-
morrhagic stroke according to ICD-9 codes 430-438. Studies that
recorded any other CVD endpoints (e.g. congestive heart failure)
were excluded. Any method to verify CVD outcomes was permiss-
ible, provided it was verified by a physician, hospital record, or
death certificate. We allowed any measurement method for WC or
WHR to be used, including self-report.

Studies were included if they reported sex-stratified RR estimates
in at least three quantiles of WC or WHR or as beta-coefficients for
dichotomous outcomes (e.g. RR per 1 U increase of WC or WHR). We
allowed any method (e.g. Mantel-Haentzel, Cox proportional
hazard models, logistic regression) to be used in the calculation of
RR estimates, as the results of most methods converge when
disease outcomes are rare.?’

Articles were excluded if all participants had an existing metabolic
risk factor (e.g. diabetes) or if any participants had diagnosed or sus-
pected CVD. These criteria insured that only low-risk individuals who
had suffered their first CVD episode were included in our analysis.

Information on disease endpoint definitions, mean follow-up,
mean age of participants, ethnicity of participants, number of par-
ticipants, waist measure quantile ranges, risk estimates, standard
errors, and covariates in multivariate models were extracted from
each study and tabulated in a Microsoft Excel spreadsheet. To
assess inter-rater agreement on the inclusion of studies, we calcu-
lated the kappa statistic, which provides a measure of observed
agreement compared with agreement by chance alone.?'

Statistical analysis

We stratified our analyses by sex and the numbers of covariates that
risk estimates were adjusted for in each study. ‘Minimally adjusted’
estimates were adjusted for age, cohort year, and drug treatment if
the study was an RCT. ‘Moderately adjusted’ estimates were
additionally adjusted for confounders (e.g. smoking) but not biologi-
cal mediators (e.g. diabetes, dyslipidaemia) of the effect of
abdominal obesity on CVD risk. ‘Maximally adjusted’ estimates
were additionally adjusted for biological mediators or BMI.

Determining the association of waist circumference
and waist-to-hip ratio with cardiovascular disease

We used weighted-least-squares (WLS) regression in studies that
reported risk estimates by quantiles of WC or WHR. Values corres-
ponding to the cut-points for extreme quantiles and median
values for intermediate quantiles were used as the predictor. The
outcome was the natural logarithm of CVD risk in each quantile.
Beta-coefficients represented the change in log CVD risk for a 1 U
increase in WC or WHR. We used the inverse quasi-variance of risk
estimates as regression weights in order to include the reference
category in the regression. Quasi-variances are variance estimates
that summarize all the covariances between levels of a categorical
variable and, unlike standard variance estimates, are assigned to
each level.?2 The sum of two quasi-variances is approximately
equal to the variance of a comparison of the two levels.?? We
used the web-based QV-calculator to derive quasi-variances from
variances in log RR for categories of WC and WHR and estimates

of their covariances.?® As none of the included studies reported
covariances between WC and WHR categories, we generated an esti-
mate of their covariance using correlations of log CVD risk in WC and
WHR categories from the Heart Outcomes Prevention Evaluation
Trial (HOPE).?* Correlation coefficients from the HOPE trial and var-
iances in log RR for categories of WC and WHR were used to estimate
covariances using the equation: covq; = corry; * vary * var,.

Heterogeneity in beta-coefficients was explored using a random
effects meta-regression model (‘metareg’ module, Stata ver 8.2).
We included predictors for mean age, mean follow-up, and the type
of data (categorical or continuous) used to derive beta-coefficients,
with beta-coefficients as the outcome. Beta-coefficients were
weighted by their inverse variances and pooled using the DerSimonian
and Laird random effects model to allow for differences between
studies (‘meta’ module, Stata ver 8.2).%% Cochrane’s Q was used to
assess heterogeneity among the beta-coefficients. Pooled beta-
coefficients with 95% confidence intervals were exponentiated and
plotted to assess the statistical significance of the estimates. Risk
estimates for WC were evaluated for a 1 cm increase, and estimates
for WHR were evaluated for a 0.01 U increase. We calculated the pre-
dicted changes in WC and WHR for an equivalent increase in CVD risk
to give WHR a meaningful interpretation.

Testing for differences in the association of waist
circumference and waist-to-hip ratio with
cardiovascular disease risk

In an effort to compare the strength of association of WC and WHR
with CVD risk, we pooled risk estimates comparing the highest vs.
the lowest quantiles of WC and WHR. Exponentiated risk estimates
and 95% confidence intervals were plotted to test for significant
differences.

Assessing publication bias: funnel plots

Beta-coefficients and their standard errors were plotted to identify
possible publication biases. In the absence of publication bias, beta-
coefficients are expected to form a funnel-shaped distribution.
We plotted moderately and maximally adjusted beta-coefficients
to maximize the number of studies included in the assessment.
Moderately adjusted beta-coefficients were plotted if both levels
of adjustment were reported in the same study.

Results
Study characteristics

Figure 1 shows study assessment, exclusion and inclusion of
studies in this review. Our search identified 3368 articles,
which were reduced to 94 studies after excluding duplicates,
articles with inappropriate study designs, non-English
articles, and articles on unrelated topics (references avail-
able on request). Of the 94 articles, 79 were excluded as
detailed in Figure 1. The kappa statistic for inter-rater agree-
ment on inclusion or exclusion of potential studies was 0.98.

Fifteen studies (12 with primary outcome of CHD, three
with primary outcome of stroke), comprising 258 114 partici-
pants (35.7% men) and over 1520864 person-years of
follow-up were included.?®™*° The mean age of participants
was 57 years. Table 1 summarizes features of the 15 studies.
During a mean weighted follow-up of 5.9 years, 4355 CVD
events were recorded. A subgroup analysis was performed
on CHD events after eliminating three studies on
stroke, 2”383 reducing the total number of participants to
226 395 (27.2% male) and over 1328747 person-years.
During a mean follow-up of 5.9 years, 3727 CHD events
were recorded. The mean age of participants was 57 years.
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Medline
(n=1341)

The Cochrane Central Register of
Controlled Trials
(n=667)

Embase
(n=1360)

Articles excluded for incorrect
outcomes (n=12), prevalent events

undergoing a procedure for suspected
CVD (e.g. angiography) (n1=9).

Articles excluded if RRs were

less than three categories (n1=6). Articles
excluded if quantile ranges were not
listed (n=1).

Articles excluded if participants with

excluded (n=1).

Articles excluded by title and abstract
(n=3274) (e.g. duplicate artidles, non- <:|
English language, study design).

Articles retrieved for assessment by
two reviewers (n=94)

(n=1), WC/WHR not reported (n1=38), if
all participants had prior CVD or a <::|
major risk factor (e.g. diabetes) or were

Potentially appropriate
articles requiring further
review (n=34)

not sexstratified (7=4), could not be <:|
calculated (n=1), or were presented in

Articles presenting data
in appropriate formats
(n=22)

prior CVD were not removed (n=6).
Articles on the same cohort and <:|
outcome as a separate article were

Articles included in the review:
15 studies (12 CHD, three strokes)
n =258114 participants

n=4355 events

Figure 1 Flow chart of systematic review.

Associations of waist circumference and
waist-to-hip ratio with cardiovascular disease risk

Beta-coefficients and the covariates that risk estimates
were adjusted for in the included studies are listed in a
table of the Supplementary material. Meta-regression of
study level predictors (mean age, mean follow-up, type
of data) did not account for significant heterogeneity in
beta-coefficients (data not shown). We therefore pooled
beta-coefficients using the random effects model to allow
for differences between studies.

WC and WHR were positively associated with CVD risk
after minimal adjustment (Figure 2). Moderately and maxi-
mally adjusted estimates were inconsistently associated
with CVD risk. Only WHR was significantly associated with
increased CVD risk among all adjustment levels for the
men and women subgroup. Risk estimates were highest in
the moderately adjusted subgroup. Women had higher
risk estimates than men in the moderately adjusted

subgroup and the maximally adjusted subgroup for WC.
However, confidence intervals overlapped across subgroups
and, therefore, it is not possible to determine whether
observed risk differences represent true differences in risk.

Table 2 shows changes in WC and WHR for an equivalent
increase in risk and was derived from risk estimates shown
in Figure 2. For example, a 10% increase in risk (RR=1.1) is
associated with a 5.04 cm increase in WC or a 0.02 U increase
in WHR for men and women using minimally adjusted data.

Pooled risk estimates for the comparison of extreme quan-
tiles of WC and WHR are shown in Figure 3. Estimates were
higher for WHR within each level of adjustment and were
slightly higher in women than in men. However, these esti-
mates were not significantly different.

Publication bias did not appear to be present for studies
that reported risk estimates for WC (Figure 4). There was
a potential bias against studies that found a weak relation-
ship between WHR and CVD risk.
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Table 1 Features of included studies
Author Sample size  Men Mean age Mean follow-up Measures Outcome Events
(n) (%) (years) (years) reported

Bengtsson et al.?¢ 1450 0 49 20 WHR CHD (fatal) 26
Dey et al.?’ 2287 46 70 15 wC Stroke (fatal+non-fatal) 453
Dey and Lissner?® 1597 46 70 15 wC CHD (fatal+non-fatal) 684
Folsom et al.?® 14040 44 55 6.2 WHR CHD (fatal+non-fatal) 398
Folsom et al.*° 31702 0 62 11.5 WC, WHR CHD (fatal) 438
Lakka et al.> 2682 100 51 10.6 WC, WHR CHD (fatal+non-fatal) 123
Lawlor et al.*? 3589 0 70 4.4 WC, WHR CHD (fatal+non-fatal) 194
Nicklas et al. 3 2503 51 75 4.6 wC CHD (fatal+non-fatal) 116
Rexrode et al.>* 44702 0 53 8 WC, WHR CHD (fatal+non-fatal) 320
Rexrode et al.>® 16 164 100 62 3.9 WC, WHR CHD (fatal+non-fatal) 552
Rimm et al.3® 29122 100 58 3 WC, WHR CHD (fatal+non-fatal) 420
Silventoinen 11510 47 45 8 WC, WHR CHD (fatal+non-fatal) 386

et al.”
Walker et al.*® 28 643 100 58 5 WHR Stroke (fatal+non-fatal) 118
Welin et al.*® 789 100 54 18.5 WHR Stroke (fatal +non-fatal) 57
Zhang et al.*° 67 334 0 55 2.5 WC, WHR CHD (fatal +non-fatal) 70

WC, waist circumference; WHR, waist-to-hip ratio; CHD, coronary heart disease.

Studies Sample
RR (95% CI) (n) size (n)
WC ™ 1.02 (1.01—1.03)* 4 23360
+HH 1.02 (1.01—1.03)* 6 88191
Min - 1.02 (1.01—1.03)* 10 111551
"" —— T T T T T T (09108 T T T & T T T T20970
—— 1.05 (1.00—1.09)* 4 114012
Mod [ 1.03 (1.01—1.05) 8 134982
T T T T TTTTTTTTTTE 101(1.00-1.02) ~ ~ 5 “52482
——— 1.03 (0.96—1.11)* 5 120234
—— 1.02 (0.98—1.07)* 10 172716
Max .
WHR ] 1.05 (1.03—1.08)* 4 79343
v —— 1.05 (1.03—1.08)* 4 86089
Min . Fed 1.05 (1.04—1.07)* 8 165432
T TR T T T T Tt T 107 (1.04—1.40 5 82799
- 1 1.11 (0.98—1.24)* 4 123477
Mod . —— 1.09 (1.02—1.17)* 9 206276
TR T T T T T T 104(102=1.07 ~ ~ ~ 5~ T T Ts0132"
1 1.04 (1.01—1.08)* 5 123171
Max e 1.04 (1.02—1.06)* 10 203303
T T T "

0.90 1.00 1.10 1.20 1.30
RR of a CVD event
AMen ®Women e Menand Women

Figure 2 Pooled exponentiated beta-coefficients and 95% confidence inter-
vals plotted by sex and level of adjustment. Waist circumference was evalu-
ated per 1cm increase, and waist-to-hip ratio was evaluated per 0.01 U
increase. Asterisks indicate significant heterogeneity among beta-coefficients
from included studies (P,, < 0.05). Comparisons cannot be made between
beta-coefficients for waist circumference and waist-to-hip ratio in this
figure due to differences in scaling.

Discussion

Using data pooled from 15 prospective studies that included
258 114 individuals, we demonstrated that the risk of inci-
dent CVD increases in men and women with elevations in
WC or WHR. Specifically, a 1 cm increase in WC is associated
with a 2% increase and a 0.01 increase in WHR is associated
with a 5% increase in risk of future CVD after adjusting for
age and cohort characteristics.

In an effort to understand the causal pathway that relates
abdominal obesity to CVD risk, we examined adjusted risk esti-
mates. We tried to determine whether adjustment for con-
founders such as smoking (i.e. moderately adjusted data)
would strengthen the association of abdominal obesity with
CVD, and whether adjustment for factors in the causal
pathway between abdominal obesity and CVD, such as blood

lipids (i.e. maximally adjusted data), would attenuate the
association. However, no changes in associations were ident-
ified. This supports prior investigations which demonstrate
that abdominal obesity is an independent risk factor for CVD
over and above other abdominal obesity correlates.

To explore whether CVD risk differed between men and
women, we stratified our analyses by sex. We found a sex
difference in the moderately adjusted subgroup analysis of
beta-coefficients, in the maximally adjusted subgroup analy-
sis of beta coefficients for WC, and within all adjustment sub-
group analyses of extreme quantiles. However, these
differences were not statistically significant. We expected
that a sex-related difference might exist because metabolic
risk factors appear in women at lower WC and WHR thresholds
than in men.*' However, our data suggest that increases in WC
or WHR are associated with similar risk of CVD in men and
women.

WHR has been suggested to be a superior predictor of
CVD risk because it includes a measurement of hip circum-
ference, which is inversely associated with dysglycaemia,
dyslipidaemia, diabetes, hypertension, CVD, and death.'"
" The protective association of hip circumference with
cardio-metabolic risk is possibly related to its correlation
with other anthropometric features. Increased hip circum-
ference is associated with increased hip subcutaneous fat,
gluteal muscle, and total leg muscle mass.*>** Leg muscle
mass may represent a proxy measure of physical activity,
which is inversely related to cardio-metabolic risk.'*** In
our data, the RR for WHR was greater than WC for compari-
sons of extreme quantiles, which supports WHR as being
superior to WC as a measure of CVD risk. However, these
associations were not significantly different.

Although there may be advantages of the WHR over the
WC, WHR is more difficult to perform and a less reliable
measure than WC. Intra-class correlation (ICC) for repeat
measures and Pearson’s correlations between self-report
and clinical measurement are lower for WHR (WHR: ICC =
0.68-0.85, r=0.69-0.85; WC: ICC =0.89-0.96, r=0.89-
0.97).>% Furthermore, WHR may be inappropriate to
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Table 2 Changes in waist circumference and waist-to-hip ratio for an equivalent increase in cardiovascular disease risk

% Increase in risk WC (cm) WHR (U)
Men Women Men and women Men Women Men and women
Minimally adjusted
10 4.71 5.08 5.04 0.02 0.02 0.02
20 9.02 9.72 9.65 0.03 0.04 0.03
30 12.98 13.99 13.88 0.05 0.05 0.05
40 16.64 17.95 17.80 0.06 0.07 0.06
50 20.06 21.63 21.46 0.08 0.08 0.08
Moderately adjusted
10 5.00 2.13 3.20 0.01 0.01 0.01
20 9.56 4.07 6.12 0.03 0.02 0.02
30 13.76 5.86 8.81 0.04 0.03 0.03
40 17.64 7.52 11.30 0.05 0.03 0.04
50 21.26 9.06 13.62 0.06 0.04 0.05
Maximally adjusted
10 8.46 2.99 4.26 0.02 0.02 0.02
20 16.18 5.72 8.15 0.04 0.05 0.05
30 23.28 8.23 11.73 0.06 0.07 0.07
40 29.86 10.55 15.05 0.08 0.08 0.09
50 35.98 12.72 18.13 0.09 0.10 0.10
Studies Sample Beta-coefficient (log RR per 1cm WC)
RR (95% CI) (n) size (n)
Min +  —a—t 1.60 (1.33-1.92) 3 1794':; -0.02 0.02 0.06 0.10 0.14 0.18
. — 1.65 (1.01-2.70)* 3 33804 0.000 . ! L L |
we L AT ___assad20 6 51750 ’
[ —— 1.73 (1.42-2.12) 3 73929 N m
' —a— 2.50 (1.79-3.49) 1 31702 S 0.006 -‘
WHR | —— 1.95 (1.55-2.44) 4 105631 5 N g
Mod | 1.60 (1.31-1.95) 3 19583 T 0.012 - u
—! o 41.79 (0.72—4.45)* 2 68194 g™ .
we 4 1.57 (1.26-1.94) 5 87777 €
T T ee— T 174 (144-209)  ~ 5 T Ts2799 & 0.018
Vb o 2.39 (1.45-3.92) 2 75186 -
' ——i 1.80 (1.52-2.13) 7 157985
IR 0.024 -
Max ' 1.42 (1.10-1.84) 4 47068
 —— 1.73 (1.26-2.36) 5 145840
we o e el 1570128192 9 192908 Beta-coefficient (log RR per 1U WHR)
j—— 1.51 (1.19-1.92) 4 80117
' e a— 2.19 (1.64—2.93) 3 119888 0.00 6.00 12.00 18.00 24.00 30.00
JR D—O—i' . . 175 (1.41-2.48) 7 200005 0 ) ) . : .
0.50 1.50 2.50 3.50 4.50 B e * Ey . u
RRof a CVD event 524" .
A Men B Women ® Men and women E *
Figure 3 Pooled relative risk estimates and 95% confidence intervals g 44 u
representing comparisons of the lowest vs. the highest quantiles of waist g
circumference and waist-to-hip ratio. Asterisks indicate significant hetero- &» 6 -
geneity among beta-coefficients from included studies (P,, < 0.05). *
8 -
. X Lo ¢ Men ®EWomen
assess obesity or weight loss. A non-obese and an obese indi-
vidual could theoretically have the same WHR, which could Figure 4 Funnel plots of moderately and maximally adjusted

remain constant during weight change.*” Furthermore,
patients may show reluctance to allow hip measurements
to be taken, as this usually requires disrobing.“® Thus the
choice to use WC or WHR may depend on the setting, as in
a physicians’ office it is more feasible to measure WC,
whereas in research studies, it appears to be more informa-
tive to measure WHR.

We were unable to examine the association of abdominal
obesity with CVD risk by ethnic group. Most participants
were white Caucasians, and only one article studied an
exclusively non-white population.“® Given that non-white
ethnic groups appear to develop metabolic risk factors at
different BMI cut-points, it is possible that the risk of CVD

beta-coefficients.

associated with increasing WC and WHR differs between
ethnic groups.*>*®4° Recently, the INTERHEART study, the
world’s largest case-control study of MI, showed that WC
and WHR were positively associated with the risk of incident
MI and that the strength of association differed significantly
between ethnic groups.*

Our study has several strengths. The first is clearly the
number of participants assessed by the included articles.
Over 250000 participants were followed for nearly 6
years, and there were over 4000 CVD events. Secondly, we
included only prospective studies in order to minimize
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potential biases associated with retrospective study designs.
Thirdly, we included studies of healthy individuals who later
suffered their first CVD episode in order to make our findings
generalizable to healthy populations. Finally, we tried to
utilize all available data in the literature and employed a
novel technique to include the reference category in WLS
meta-regression.

Our study has some limitations. The first is that we did not
include studies that used a WC or WHR cut-point to denote
abdominal obesity. Secondly, we could not evaluate the
standardized linear associations of WC and WHR with CVD
because standard deviations of each measure were not con-
sistently reported in all articles. However, we attempted to
address this problem by pooling risk estimates representing
the comparison of extreme quantiles for each measure.
Thirdly, studies were adjusted for different covariates,
which contributed to heterogeneity among the moderate
and maximally adjusted subgroups. Finally, the small
number of studies and significant heterogeneity limited
our ability to detect small differences in risk.

Conclusions

Abdominal obesity as measured by WC and WHR is signifi-
cantly associated with the risk of incident CVD events.
A 1.cm increase in WC is associated with a 2% increase in
risk of future CVD and a 0.01 increase in WHR is associated
with a 5% increase in risk. These simple measures of abdomi-
nal obesity should be incorporated in CVD risk assessments.
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