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Original Article

Central obesity and risk of cardiovascular diseasein the
Asia Pacific Region

Asia Pacific Cohort Studies Collaboratton

This paper compares body mass index, waist ciraemée, hip circumference, and waist-hip ratio &k ri
factors for ischaemic heart disease and strokesia Racific populations. We undertook a pooled yamisl
involving six cohort studies (45 988 participaras)d used Cox proportional hazards regression tesiske
associations of the four anthropometric indice$witoke and ischaemic heart disease by age, sevegion.
During a mean follow-up of six years, 346 strokd &1 ischaemic heart disease events (fatal andataf)
were documented. Overall, a one-standard deviatnease in index was associated with an increasek of
ischaemic heart disease of 17% (95% CI 7-27%) falybmass index, 27% (95% CI 14-40%) for waist
circumference, 10% (95% CI 1-20%) for hip circumfere, and 36% (95% CI 21-52%) for waist-hip ratio.
There were no significant differences between agegs, sex, and region. None of the four anthrognme
indices had a strong association with risk of strokhese data indicate that measures of centegitylsuch as
waist circumference and waist-hip ratio are strgragsociated with risk of ischaemic heart diseasthis
region. Therefore, we suggest that, along withudaton of body mass index, measures of centrasigbsuch
as waist circumference and waist-hip ratio shoeldibdertaken routinely.
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Introduction among collaborators and colleagues. There arenguége
The risk of heart disease and stroke increasesncanisly restrictions.

with increasing body mass index (BMf)but the relative In addition to these inclusion criteria, daaught on
importance of total and central obesity is stilbdted. individual participants include date of baselinervsy,
There are uncertainties over what anthropometriexnd height, weight, WC, HC, and smoking habit. As hgigh
BMI, waist circumference (WC), hip circumferenceQ@y weight, WC, and HC were not essential for inclusionthe
or waist-hip ratio (WHR), is the most importantkri@ctor ~collaboration not all studies could contribute tte ainalyses
for cardiovascular events. Previous prospectivedistu reported here. Measurements of indices were Jgrstan-
comparing the importance of various anthropometriti-  dardized and not uniform in the different studi€utcome

ces in determining risk of CVD have been mainly corflata for these analyses included fatal and noh-$atake
ducted in North Americd? Europe®” and more recently and IHD events, where fatal events were definedesth

Australia® There is a lack of similar prospective data frorf§CCUITiNg within 28 days of the event. All datayided to

the greater Asia Pacific region, despite frequessegions the secretariat were checked for completeness and C

that lower cut-offs should be used to define ovégiveand ifé?ngr);\tilri]td vggrrgs;eigﬂi?ts\lvh;fnnqggesrssrzrtf W' Eereeuml
obesity in Asian populatior’s® Data collected with the P y : y rep

Asia Pacific Cohort Studies Collabora-tion allowneo ferred back to principal investigators of each afirating

) L X study for review and confirmation.
parison of four anthropometric indices as risk destfor
both stroke and ischaemic heart disease (IHD) énAbkia Statistical methods

Pacific region. In eligible cohorts, analyses were restricted tdigipants
aged 20 years or older who had data on baselirghthei

Methods weight, WC and HC. BMI was calculated as weight) (kg

| dentification of studies and collection of data divided by the square of height (m), and WHR wak ca

The Asia Pacific Cohort Studies Collaboration (APGRC culated as WC (cm) divided by HC (cm). Participantth
an individual participant data overview (meta-asiy values outside the following ranges were excludedeclt
involving prospective cohort studies in the Asiacifa WaS assumed that they were due to recording eridrs:
region. As reported elsewhérestudies are eligible for BMI < 59, 50< WC < 150 and 50< HC < 200 (N = 17).
inclusion in the collaboration if they satisfiecetfollowing Analyses were undertaken for total (fatatl anon fatal
criteria; 1) a study population from the Asia Paciegion:
c2)1)‘ ?gﬁf)\?ﬁﬁgvfeig?g&?a?gg a,lti) ;} Igi?t‘;t irogggjyeggggs bo.ration, Clinical Trials Research Unit, Universitl Auckland,
blood pressure recordgd at baseline; 5) dgte ahahfaage _F;‘rsll\:/iteeiag 3?723? ﬁ%,gguétzéggagivgzalagg 9 33897

at death recorded during follow-up. Studies aretified Email: c.nimhurchu@ctru.auckland.ac.nz

by literature searches (Medline and EMBASE), scrutifiy Accepted 9th January 2006
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combined) events and performed separately for twol 14-40%) for WC, 10% (95% CI 1-20%) for HC, and

endpoints: IHD and stroke.

Cox proportional-hazards analySesvere used to
regress time until first event against anthropoimétdex
at baseline within individual participant data ectied in
all cohorts. Regression coefficients and standardre
were calculated with adjustment for smoking (cutrnen
non-current). Analyses were also adjusted for ael
stratified by sex and cohort to control for confdiny
and reduce statistical heterogeneity. Age at (e at
time of event) was treated as a time-dependentrizted
in order to assess change in hazards as an indlgcage
increases.

Analyses assessed the relationship of the fodir

36% (95% CIl 21-52%) for WHR (Fig. 1). Most fre-
guently, the hazard ratios are highest for WHR WA,

and HC consistently has the weakest associatioBxa-
mination of results by age, sex, and region sulyggo
(Fig.1) suggests that associations are stronger in those
aged less than 65 years, in males, and in the &isstr
cohorts. However, the confidence intervals ofiaeard
ratios within the subgroups overlap so differenossy

not be statistically significant.

The change in likelihood ratig? statistic comparing
each anthropometric index with the base model dtal t
IHD is shown (Fig. 1). Overall WHR is the mostarn{
mative, followed closely by WC. The only exceptimn

vidual anthropometric indices to cardiovascular -endfor those aged less than 65 years where WC isdtterb

points. Hazard ratios and 95% confidence interwedse
estimated for a one standard deviation (SD) ineréas

predictor. HC consistently ranks as the least g
index, whereas BMI is usually intermediate betwekh

each index. This ‘standardized’ comparison of hdzar and WC or WHR.
ratios was necessary as each index is measured on aThe same patterns were found when analyses rger

different scale. The change in likelihood rajo was

stricted to fatal IHD events (data not shown). sharity

used as a measure of the improvement of goodness ahalyses excluding the first three years of follggvalso
fit,”” or ‘informativeness’, between a model containingproduced similar results (data not shown), and gemo
each anthropometric index compared with a model thastrated stronger associations with IHD than th@s: sn

contained age and smoking status, stratified byasek
cohort, but no anthropometric index (the ‘base rlipde
Age-specific analyses included age at rislegaties

the main analyses, suggesting that pre-existingadis at
baseline may have confounded the associations. uExcl
sion of the largest study from the analyses alsaolyrred

of <65 and 65+ years, and analyses were also ctediuc similar results (data not shown), and the assaciativere

by sex and region (Asia vs. Australia). Sensifiaha-
lyses were undertaken excluding the first threers/ed
follow-up in order to determine the potential impan

observed associations of confounding by prevalést d

ease at baseline. Further sensitivity analysessiigated
the impact of limiting the analyses to fatal eveordy in
order to determine if there was a differential efffen risk
of non-fatal and fatal events, and the effect afleding

again stronger than those seen in the main analyses

Stroke

The association between each of the anthropomet& m
sures and total stroke events is weak, with a dhénS
crease in the index being associated with an iseréa
the risk of total stroke of 3% (95% CI -9, 16%) B,
5% (95% CI -9, 20%) for WC, 0% (95% CI -11, 13%) fo

the study with the largest number of events (WasterHC and 9% (95% CI -8, 28%) for WHR. No clear asso-

Australia AAA Screenees Study) from the analyses.

Results
Study sample

ciations between any of the anthropometric measamds
stroke were seen across the age, sex, and reghen su
groups.

The analyses are based on data from six cohortestudiDiscussion
from APCSC that provided data on height, weight, WCThese analyses demonstrate that while there are clea

and HC at baseline (Table 1). In total there are988

associations for all measures of obesity with dékHD

participants with 278,680 person years of follow-up in these Asia Pacific populations, the associatemesty-
There are two cohorts from mainland China (14% ofpically stronger for BMI, WC and WHR than for HGn

participants), one from Hong Kong (4%), and thnesarf
Australia (82%). The mean age of participants aeliae

particular, WHR and WC, which measure central dpesi
have the strongest associations with risk of IHDone

was 54 years, and 48% were female. During a mea@iuarter to one third increase in risk is assodiatéh one

follow-up of 6.1 years, a total of 346 strokes (I&fal)
and 601 IHD events (506 fatal) were recorded. fiean

SD increase in each index. In contrast, thereoiglaar
association between any of the measures and risk of

(standard deviation) for each anthropometric measurstroke.

was: BMI 26.2 (4.2) kg/fy WC 86.4 (12.3) cm; HC

The finding that WC and WHR appear to be more

101.0 (8.4) cm; and WHR 0.85 (0.08). The table demonimportant predictors of coronary risk than BMI @@ in

strates expected variability in anthropometry benvthe
Asian and non-Asian cohorts.

I schaemic heart disease

After allowing for age, sex, cohort and smokingerth
was a significant log-linear association betweecheaf
the anthropometric indices and IHD (Fig. 1). A @@
increase in the index is associated with an ineréasisk
of total IHD of 17% (95% CI 7-27%) for BMI, 27% (9%

these Asia-Pacific populations is consistent wikults
from European and North American populations. Cbhor
studies in the United States have found that higieiR

or WC are strongly associated with increased ridkp*

in women, and stroke in ménSwedish cohort studies
have also found that the relationship with acuteomy
cardial infarctiorf, and stroke and IHD,is stronger for
WHR than for other anthropometric measures such as
BMI and sum of skinfold thicknesses. Similar fing$
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Table 1. Characteristics of the study cohorts

Sample  Start Mean % Age BMI WC(em)  HC (cm) WHR Total  Total

Study name Country  Size Year Follow-up Females (Years) (kgfim Stroke IHD
(years) mean SD mean SD mean SD mean SD mean SD

Anzhen02 China 4153 1992 2.8 51 47 8 240 3.3 80.©.3 96.7 6.5 0.83 0.07 16 1
CISCH China 2163 1992 3.3 51 44 7 247 3.5 80.8 6 9.97.0 7.0 0.83 0.09 9 14
Hong Kong Hong Kong 1872 1991 2.0 50 79 7 220 333.3 10.6 92.7 8.5 0.90 0.07 40 57
Western Australia AAA Screenees Australia 12 192 9619 3.2 0 72 4 26.9 3.7 99.1 10.4 103.2 7.2 096 60.@27 321
Australian National Heart Foundation Australia 4B2 1989 8.2 51 43 13 254 4.3 83.3 12.9 100.5 8830 0.09 17 76
Melbourne Australia 16365 1990 8.6 60 55 9 26.8 4 4855 129 1015 89 0.84 0.09 37 132
Total or averaget 45 988 6.1 48 54 9 26.2 4848 123 101.0 8.4 0.85 0.08 346 601

BMI=Body mass index, WC=Waist circumference, HC® ldircumference, WHR=Waist-hip ratio t Weighteddayson years of follow-up; Total person yearsotibiv-up=278,680

Change in

Hazard R atios Likelihood
and 95% C | R atio x?2

Overall WHR — 1.4 (1.2-1.5) 276.0 ) . . L

wc 1.3 (1.1-1.4) 2713 Figure 1. Relationship between anthropometric indices arndl to

BMI I 12(11-13) 263.0 ischaemic heart disease events.

HC — 1.1(1.0-1.2) 255.4
<65 years WHR —_— 1.6 (1.4-1.8) 36.3 The hazard ratios for total ischaemic heart diseaesats are plotted

\Q’Ni — ig (igig) ‘Z‘gg on a log scale, overall and for age (<65 yearsyéass), sex and

He —_— 11421:2:1:6; 183 region (Asia & Australia) subgroups, for each oe tfollowing

anthropometric indices: body mass index (BMI), wais

65+ years WHR I 12(1.1-1.3) 8.1 circumference (WC), hip circumference (HC) and whip ratio

e 4 " 8812 ‘1‘:5 (WHR). The hazard ratios are adjusted for age, sekprt and

HC S 1.0 (0.9-1.1) 0.2 smoking, and have been calculated for a one stdndaviation
vl WHR 12(113) 1061 increase in each index. The solid squares areravbere there are

ales —— . W1-1 . . . . . .

we — 12 (L1-13) 1942 more events, as their size is p_roportlonal to nhreense_ of the

BMI —_— 1.2 (1.1-1.3) 188.4 variance, and the horizontal lines represent 95%fiaemce

HC — 111012 1828 intervals. The change in likelihood ratig? statistic has been
Females WHR —_— 13(L1-15) 871 calculated by comparing a model containing eaclrapbmetric

wc [ 1.2 (1.0-1.5) 84.3 index with a model that contained age at risk andlkéng, stratified

BMI I 12(0.9-1.4) 821 by sex and cohort, but no anthropometric index ftlase model’).

HC e — 1.1(0.9-1.3) 80.3 L . ..

The greater the change in likelihood ratfostatistic, the greater the

Asia WHR -— 1.2 (1.0-1.5) 29 increase in goodness of fit or “informativenesstha# index.

wcC ——— 1.2 (0.9-1.4) 2.0

BMI 1.2 (0.9-1.4) 2.0

HC —— 1.0(0.8-1.2) 0.4
Australia WHR —— 1.4 (1.2-1.6) 275.3

wcC — 1.3 (1.1-1.4) 271.0

BMI — 1.2(1.1-1.3) 262.8

HC EEE— 1.1(1.0-1.2) 257.1

v L]
0.75 1.00 2.00

Hazard R atios






290

Central obesiiyg the risk of cardiovascular disease in the Rsicific Region

have been observed in cohort studies that haamierd
the relationship between various anthropometricsmess
and risk of diabetes mellitdd™® As larger studies have
found associations between BMI and risk of strfkand
other measures of central obesity and stfokeg lack of
association with risk of stroke seen in these a®ymay
be due to the small number of stroke events (3d@
ded.

The higher hazard ratios observed for IHD umstha-
lian versus Asian cohorts was statistically nom#igant
and is likely to be due to the longer mean follogvpe-
riods (3.2—-8.6 years) of the Australian studiesnsgivity
analyses demonstrated that exclusion of the fhstet
years of follow-up strengthened associations beatvibe

These analyses demonstrate that BMI, WHR,\Vaiad
are important measures in predicting risk of IHDAsIa-
Pacific populations. In particular, WHR and WC #re
strongest anthropometric predictors of IHD, sugggst
that central obesity is an important risk factar D in
this region. Measures of central obesity shouéddfore
be undertaken routinely along with measurementgesf
neral obesity such as BMI. In situations whereetiar

resources are scarce WHR may be the most appmpriat

single anthropometric measure of cardiovasculér ris
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Appendix
Asia Pacific Cohort Studies Collaboration
Writing Committee: C Ni Mhurchu, V Parag, J Woo,

based on prospective cohort data rather than cros$H Lam, M Woodward, and DA Bennett

sectional data. However, provision of data on rmth
pometric measures was not a requirement for ppaticin

in the Collaboration and many cohorts did not adlier

provide data on these risk factors. Our analyseeew
therefore limited to six of the 44 cohorts in th@@SC.
As a result, there were a relatively small numbfevents
available for analysis, and it is possible thatpitesthe
apparent lack of significant effects by age, sexegion,
some important subgroup effect might have been
scured. In addition, the current analyses areslgrgomi-
nated by data from the Australian cohorts, whict tre
larger number of participants, person years obfellp,
and events. Additional data on measures of obbsite

been requested from all members of the Collabaratio

with a view to further analyses.

Several risk factors associated with centriaésity
may account for the increased risk of IHD. Theséduthe
changes in lipoprotein levels and lipid transpgoitsulin

Statistical analyses: V Parag, RB Lin, S Vander Hoorn,
DA Bennett, F Barzi, M Woodward

Executive Committee: DF Gu, TH Lam, CMM Lawes, S
MacMahon, WH Pan, A Rodgers, | Suh, H Ueshima, M
Woodward

Participating studies and principal collaborators: Aito
Town A Okayama, H Ueshima; H MaegawskabaneN
Aoki, M Nakamura, N Kubo, T Yamad#&nzhen02Z7S
Wu; Anzhen CH Yao, ZS Wu;Australian Longitudinal

obStudy of AgeingG Andrews;Australian National Heart

Foundation TA Welborn; Beijing Ageing Z Tang;
Beijing SteelworkersLS Liu, JX Xie; Blood Donors’
Health R Norton, S Ameratunga, S MacMahon, G
Whitlock; Busselton MW  Knuiman; Canberra-
Queanbeyan H. Christensen;Capital Iron and Steel
Company XG Wu; CISCH J Zhou, XH Yu,Civil Service
Workers A Tamakoshi; CVDFACTS WH Pan; East
Beijing: ZL Wu, LQ Chen, GL Shan;Electricity
Generating Authority of ThailandP Sritara;Fangshan
DF Gu, XF DuaniFletcher ChallengeS MacMahon, R

resistancé® and glucose intolerance and type 2 dia-Norton, G Whitlock, R JacksonGuangzhou YH Li;

betes”® Cross-sectional studies conducted in the AsiaGGuangzhou OccupationalH Lam, CQ JiangtHisayama
Pacific regio”™?! have found a continuous relationship M Fujishima, Y Kiyohara, H IwamotoHong Kong J
between central obesity and cardiovascular riskofac W00, SC Ho;Huashan Z Hong, MS Huang, B Zhou;
including blood pressure, plasma glucose, plaspidsj ~ Kinmen JL Fuh; Konan H Ueshima, Y Kita, SR

and insulin levels. However, no prospective desenfthe ~ ChoudhuryKMIC: | Suh, SH Jee, IS KinMelbourne G
region have been available until now Giles; Miyama T Hashimoto, K Sakatd\ewcastle A

0 . Dobson;0hasamaY Imai, T Ohkubo, A Hozaw&Perth
ur analyses demonstrate that a one SD increase 0 Jamrozik. M Hobbs R BroadhursSaitama K
BMI, WC or WHR is associated with an increased ggk Nakachi: Seven Cities XH Fang, SC Li, QD Yang;
IHD ranging from 17 to 36%. In practical termsjsth Shanghai Factory WorkersZM Chen: Shibata H

equates to a 4.2 kgfnincrease in BMI, a 12.3 cm in- Tanaka:Shigaraki TownY Kita, A Nozaki, H Ueshima;
crease in WC, or an increase in WHR of 0.08. Tleee ShirakawaH Horibe, Y Matsutani, M Kagay&ingapore
substantial increases of the kind that might beeetgul to  Heart K Hughes, J LeeSingapore NHSQ2D Heng, SK
take place within a population only over severaarge Chew; Six Cohorts BF Zhou, HY Zhang;

For example, in New Zealand, mean BMI increased bylanno/SoubetsiK Shimamoto, S SaitofTianjin: ZZ Li,

of 26 years (1977 to 2003).Based upon our analyses K Jamrozik;Xi'an: Y He, TH Lam; Yunnan SX Yao.
these changes would equate to a subsequent 5%%nd &The underlined studies provided data used in tep.

increase in risk of IHD.
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