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Summary

Body mass index (BMI, kglm.sq) and waist-to-hip ratio (WHR) are widely used
as obesity indices for diabetes and cardiovascular risks. Lower adult height was
related to diabetes and stroke. Waist-girth was proved important for visceral
obesity. Incorporating waist-girth and height as waist-to-height ratio (WHtR),
we reported earlier-"Waist-to-height ratio is an important predictor of
hypertension and diabetes". We readdressed this index in a larger sample with
two-sample OGTT and lipid profiles. In a cluster sampling of 16,818 rural
inhabitants, considering age 220y, 5713 subjects were found eligible. Of them,
4923 (M/F=232112602) volunteered for height, weight, blood pressure, waist-
girth and hip-girth. Fasting venous blood (5ml) was drawn for plasma glucose,
total cholesterol (T-chol), Triglycerides (TG) and high-density lipoprotien
(HDL-c). Overall, 1565 participants were undertaken for OGTT. The mean (SD)
values of BMI, WHR and WHtR for subjects with diabetes and hypertension
were significantly higher in. either sex. The level significance was highest for
WHtR. The prevalence of diabetes and hypertension increased significantly with
higher quintiles ofBMI, WHR and WHtR (chi sq values were largest in WHtR
for both events). Partial correlation coefficients, controlling for age and sex,
showed that BMI, WHR and WHtR significantly correlated with systolic and
diastolic BP, FBG, T-chol and TG. In the entire correlation matrix, the 'r' values
were 'the highest for WHtR. Taking diabetes and hypertension as dependent
variables, logistic regression also showed the highest odds ratio in higher WHtR
than BMI and WHR. We conclude that WHtR was proved again a valuable
obesity index for predicting diabetes, hypertension and lipidemia.

Introduction cardiovascular risk in South Asian migrants
Waist-to-hip ratio (WHR), an indirect in United Kingdoml-4,and in the native South
estimate of visceral obesity has been found Asians in India5and in Bangladesh6,but not
significantly associated with insulin in other population? Some argued against
resistance, glucose intolerance and other WHR as a predictor of visceral obesity8.
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Others stressed that waist circumference is

the single best predictor for visceral
adiposity9. On the other hand, decreased
adult height or short stature was reported as
an important anthropometric estimate that
inversely related to impaired glucose
tolerance10, cardiovascularmortalityII and
strokel2.Thus, it becomes evident that short
stature was related to diabetes and stroke and

increased waist-girth was proved to be an
important predictor for metabolic syndrome.
These studies indicated that both adult height
and waist-girthare important anthropometric
measures. Interestingly, when BMI is taken
waist is missed and when WHR is taken

height is missed. Incorporating waist-girth
and height as waist-to-height ratio (WHtR),
we reported earlier-"waist-to-height ratio is
an important predictor of hypertension and
diabetes"I3.14.However,our previous data set
was based on small sample with single post-
prandial value. Here, we readdressed this
issue in a larger sample with two-sample
OGTT and lipids.

Materials and methods

Population and participants. This data set
was taken from a diabetes survey conducted
in a purposively selected rural population
consisting of 19 villages. This study was
carried out from September 1999 through
March 2000. The livelihood and socio-

demographic characteristics of rural life of
the study population is primarily related t.o
agricultureor agrarianactivities.The villages
are linked with road in dry seasons and
the road communication is well maintained

for 9 months; but during rainy season
when monsoon and flood supervene, the
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transport is mostly river-boat to and from the
district town.

A population census in the study area was
carried out before diabetic survey. The
variablesincluded were - age, sex, education,
occupation,annual expenditures,family size,
religion and housing condition. All the
census datacollectedin the field wereentered
into computer, and the eligible subjects of
age group ~20 years were sorted out for
screening (Fig.-l).

Investigations and data collection. All the
eligible participants were informed about the
objectives of the study. They were also
informedabout the site and proceduraldetails
of the investigation. Each interested
individual was requested to attend a specific
site nearby with at least 12 h fast. The
investigationsincludedanthropometry,blood
pressure and fasting plasma glucose (FPG),
and lipid fractions and OGTT in a
randomized sample. Measurements of
height, weight, waist- and hip-girth were
taken with light clothes without shoes. The
weighing tools were calibrated daily by
known standard weight. For height, the
subject stood in erect posture vertically
touching occiput, back, hip and heels on the
wall gazing horizontally in front keeping
tragus and lateral orbital margin in the same
horizontal plane. Waist girth was measured
by placingaplastic tape horizontallymidway
between 12th rib and iliac crest on the mid-

axillary line. Similarly, hip was measured
taking extreme end posteriorly and
symphysis pubis anteriorly.Then, body mass
index (BMI=wt in kg/height in m sq), waist-
to-hip ratio (WHR) and waist-to-height ratio
(WHtR) were calculated.Blood pressurewas
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measured by a single investigator, ensuring
10 min. rest using standard cuffs in the right
arm of a sitting participant fitted with
mercury sphygmomanometer.

Taking an aseptic precaution, Sml of venous
blood was taken for fasting plasma glucose.
We used auto-analyzer, Screen Master-3000
for the biochemicaltests.After the estimation

of FPG the participants were classified into
normal and abnormal fasting glucose (NFG
andAFG), basedon aboveand below the cut-
point 6.1 mmol/l. AFG encompasses IFG
(FPG 6.1-6.9.0) and DM2 (;:::7.0). All
participants from AFG group and an equal
number from NFG or control group
(randomized sample) were investigated for
oral glucose tolerancetest and lipid fractions-
total cholesterol (T-chol), high-density
lipoprotein (HDL-c) and Triglycerides (TG)
(Fig.-l ).

Ethical Review Committee of Bangladesh
Institute of Research and Rehabilitation in
Diabetes, Endocrine and Metabolic
Disorders (BIRDEM), Dhaka, examined the
protocol and approved.

Statistical analysis. The mean and standard
deviation (SD) of biophysical characteristics
were shown separately for men and women
and the differencesbetween them were tested

by unpairedt-test.The obesity indices- BMI,
WHR and WHtR were compared between
subjects with and without abnormal fasting
glucose. These indices were also compared
between normotensive and hypertensive
participants. We used partial correlation
coefficient controlling age and sex to
determine the level of associations between

the different obesity variables with blood
pressure, plasma glucose and the lipid
fractions. Chi-square trend estimated the
level of significance associated with
increasing prevalence of diabetes and
hypertension with the higher quintiles of
BMI, WHR and WHtR. Finally, binary
logistic regression, adjusting for sex and
social class in different models, quantified
the individual effect of BMI, WHR & WHtR

as the predictorsof diabetes, impairedfasting
glycemia and hypertension.All statistical
tests were considered significant at ~S%
level. SPSS-win 10.0S version .was used.

Population census
N=16,818 (M/F=8,687/8,131)

<20 years: n=11,105

Eligible participants (~20y): n=5,713
Of them, 4,923 (mlf=2,32112,602)volunteered for

Height, weight, waist, hip, BP, FPG

OGTI, Tot-chol: TG, HDL-c n=I,565

Fig.1:Flowchartofparticipants.FPGfastingplasmaglucose'-RandomizedfromthosewhohadFPG<6.0mmol/I.
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Results

The eligible participants were estimated
5,713. Of them, 4923 (86.17%) volunteered
the study. The mean values with standard
deviation of characteristics of male and

female participants are shown separately in
Table-I. All anthropometric variables
including age and blood pressure differed
significantly between men and women.
Though the men were significantly older,
both systolicand diastolicblood pressurewas
significantly higher in women. The women
also had significantlyhigher BMI,WHtR and
HDL-c, whereas, WHR was significantly
higher in men. The differences were not
significant for plasma glucose (both fasting
and post-load), T-chol and TG.
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The obesity indices -BM!. WHR and WHtR
were comparedbetween normoglycemicand
diabetic subjects in men and women (Table-
II). Both diabetic men and women had
significantly higher BMI, WHR and WHtR,
with the exception of BMI in women. It may
be noted that for both men and women, the
't-values' were highest in WHtR among all
the three indices. Similar findings were
observed in comparison between subjects
with and without systolic hypertension
(Table-III). We also compared these indices
between subjects with and without lFG and
diastolic hypertension. These comparisons
also showed the highest t-values for WHtR
than for BMI and WHR (data not shown).

Table-I: Characteristics of the participants (n: men- 2321, women- 2602)

Men Women
Mean SO Mean SO p

Age (y) 39.94 15.62 36.90 14.76 .000

Height (cm) 162.47 6.98 151.11 6.07 .000

Weight (kg) 47.41 7.13 41.42 7.14 .000
BMI 17.94 2.34 18.12 2.75 .015

Waist (cm) 69.34 6.90 65.95 7.71 .000

Hip (cm) 79.44 5.00 77.43 6.06 .000
WHR 0.872 0.059 0.852 0.068 .000
WHtR 0.427 0.042 0.437 0.051 .000

SBP (mmHg) 118.3 19.27 121.3 22.10 .000

OBP (mmHg) 75.97 9.77 77.36 10.94 .000

FPG (mmoVl) 4.31 1.26 4.27 1.09 .239

*T-cholesterol (mg/dl) 157.91 60.47 163.23 62.40 .086

*Triglycerides (mg/dl) 168.87 93.35 160.67 89.53 .077

*HOL-chol (mg/dl) 38.75 13.22 41.27 14.64 .000

<j\OGTl 4.86 2.01 4.90 1.75 0.81

<j\OGT2 6.56 3.98 6.93 3.68 0.53

SO - standard deviation. p - after unpaired t-test (men vs. women).
*-Randomized sample (menlwomen=789/776);
<j\OGTl& 2-randomized for 75g oral glucose tolerance.
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The partial Correlation coefficients,
controlling for age and sex, showed the
highest coefficients 'r' ofWHtR than that of
BMI and WHR for all testedvariables- SBP,
OBP,FPG, TG, T-chol, and HOL-crrG ratio
and HOL-crr-Chol ratio (Table-IV).

The prevalence of diabetes, IFG and both
types hypertension increased significantly
with higher quintiles of BMI, WHR and
WHtR. For all these events, the estimates
weresignificant(p<O.OOI) and strikingly,the
Chi sq values of WHtR were the largest
among the three obesity indices (the Chi sq
values: OM, BMI-19.38, WHR-32.56,
WHtR-35.57; AFG, BMI-45.31, WHR-
41.45, WHtR-58.97; systolic hypertension,

BMI-14.80, WHR-34.8l, WHtR-60.34;
diastolic hypertension, BMI-17.50, WHR-
56.39, WHtR-9l.45 (Fig.-2).

Employing logistic regression, entering age
and sex into the equation, we compared the
individualpredictoreffectof BMI, WHR and
WHtR for diabetes, IFG and systolic
hypertension in different models (Table-V).
We took the quintiles (Q) ofBMI, WI;IRand
WHtR for quantification of odds ratio (OR)
with 95% confidence interval keeping the
first quintile (QI) as a reference. Thus, the
ORs of equivalent quintiles of BMI, WHR
and WHtR were compared for each
individual outcome variable (OM, IFG,
sHTN). The ORs were found significant in

Table-II: Comparison between subjects with NFG and DM in men and women

Normotensive and hypertensive subjects-systolic blood pressure <140 and :2':]40mmHg.
BMI-body mass index (wt (kg)/ht m sq), WHR-waist-to-hip ratio, WHtR-waist-to-height ratio
t-unpaired t-test; WHtR showed the largest t-va]ues for both men and women.

5

NFG OM
Mean SO Mean SO t P

Men n =1919 n = 106
BMI ]7.8] 2.16 ]8.81 2.8]95 4.57] .000
WHR 0.869 0.057 0.906 0.075 6.344 .000
WHtR 0.424 0.039 0.456 0.057 7.691 .000
Women n =2186 n = 78
BMI ]8.0] 2.60 18.24 3.]4 0.764 .445
WHR 0.850 0.067 0.866 0.079 2.005 .045
WHtR 0.434 0.049 0.452 0.068 2.98] .003

NFG-normalfastingglucose(fastingplasmaglucose<6.0mmol/l);OM- fastingplasmaglucose?7.0mmol/l.
BMI-bodymassindex(wt(kg)/htm sq),WHR- waist-to-hipratio,WHtR- waist-to-heightratio.
t - unpairedt -test; WHtRshowedthe largestt-valuesfor bothmenandwomen.

Table-III Comparison between subjects with and without hypertension in men and women

Normotensive Hypertensive
Mean SO Mean SO t P

Men n = 1998 n=313
BMI 17.90 0.022 18.21 3.30 2.2]7 .027
WHR 0.869 0.056 0.894 0.076 6.958 .000
WHtR 0.424 0.039 0.445 0.057 8.]68 .000
Women n =2082 n =496
BMI ]8.106 2.66 ]8.18 3.07 0.534 .594
WHR 0.848 0.066 0.866 0.076 5.394 .000
WHtR 0.433 0.048 0.451 0.062 6.993 .000
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Q4 in most cases, and the highest ORs were
found with WHtR than with BMI and WHR

for all outcome variables. For diabetes,
though the OR of WHR was higher than
WHtR (2.09, 95% CI 1.36-3.19, p=O.OOl vs.
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2.0595% CI 1.37-3.06, p=O.OOO),the level
of significance was higher with WHtR. In
all other models, WHtR was proved to be
the most significant predictor.

Table-IV: Partial correlation coefficients (r)-controllingforage and sex. (n=153l).

Table-V: Logistic regression taking three dependent variables in three different models comparing

quintiles (Ql through Q4) of BM!, WHR and WHtR keeping sex and social class constant.

Model 1 Model 2 Model 3

Variable OR 95%CI Sig. Variable OR 95%CI Sig. Variable OR 95%C.I

a.DependentvariableDM
Sex 0.65 .48- .88
S.Class 1.49 1.10-2.01
8MI
01 1
02 0.76
03 0.97
04 1.57
Cons!. 0.04
b.DependentvariableIFG
Sex .852 .73- 1.00
S.Class 1.48 1.26- 1.73
8MI
01 1
02 .953
03 1.27
04 1.72
Cons!. .11

c.DependentvariablesHTN
Sex 1.51 1.29-1.76 .000 Sex 1.65 1.41-1.94 .000 Sex 1.44
S.Class 1.13 .97- 1.33 .127 S.Class 1.10 .94- 1.30 .224 S.Class 1.09
8MI .005 WHR .000 WHtR
01 1 01 1 01 1
02 .71 .57-.88 .002 02 1.17 .94-1.47 .166 02 .99
03 .74 .60- .91 .005 03 1.22 .98- 1.53 .081 03 1.27
04 .88 .72- 1.08 .231 04 1.95 1.57- 2.43 .000 04 1.84
Cons!. .11 .000 Cons!. .06 .000 Cons!. .08

OR-odds ratio; CJ;.c.onfidenceinterval; DM-diabetes mellitus, FPG '?7.0 mmol/I; IFG-impaired fasting
glycemia, FPG 6.1-6.9 mmol/I; Sex: men-I, women-2; S. class -social class: poor-I, rich-2, Q-quintile.

.47-1:21

.62-1.50
1.05- 2.35

.74-1.20
1.01-1.60
1.38- 2.15

.005

.011

.005

Sex
S.Class
WHR
01
02
03
04
Cons!.

.247

.876

.030

.000

.046

.000

.005

Sex .911
S.Class 1.51
WHR
01
02
03
04
Cons!.

.653

.042

.000

.000

0.73
1.52

1
0.89
1.17
2.09
0.03

1
.877
.999
1.582
.112

0.54-0.99 041
1.13- 2.06 .006

.000

0.55- 1.46
0.74- 1.86
1.36- 3.19

.78- 1.07
1.29-1.77

.70-1.11

.80- 1.25
1.27-1.97

6

.653

.494

.001

.000

Sex
S.Class
WHtR
01
02
03
04
Cons!.

.248

.000

.000
1
.271
.991
.000
.000

Sex
S.Class
WHtR
01
02
03
04
Cons!.

Sig.

.611
1.428

0.45- 0.83
1.05-1.94

.002

.022

.000
1
.855
.844
2.05
.041

0.54- 1.35
0.49- 1.44
1.37- 3.06

.499

.534

.000

.000

.815
1.46

.70 - .96
1.25- 1.72

.012

.000

.000
1
1.12

1.09
1.97
.12

.89- 1.41

.83-1.41
1.58- 2.45

.327

.545

.000

.000

1.23- 1.68
.93-1.28

.000

.307

.000

.79-1.25
0.99- 1.63
1.50- 2.27

.959

.055

.000

.000

SBP DBP FPO TO T-Chol HDLffG-R HDL/CHOLR

BMI .0821 .1248 .1017 .1205 .0509 -.105 -.060
p 0.000 0.000 0.000 0.000 0.046 0'.000 0.018
WHR .1409 .1588 .0932 .1023 .0642 -.072 -.060
p 0.000 0.000 0.000 0.000 0.012 0.004 0.Ql8
WHTR .1760 .2051 .1293 .1344 .0770 -.092 -.070
P 0.000 0.000 0.000 0.000 0.003 0.000 0.006

p=2-tailedsignificance HDL-highdensitylipoprotein,TG-Triglycerides,Chol-cholesterol,R-ratio.
Partialcorrelationcoefficientscontrollingforageandsexmaintainedthehighest'r' valuesforWHtRexcept
withHDUfG ratio
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Fig.-2: Prevalence (%) of diabetes (DM). abnormal fasting glycemia AFG (FBG ~.O /1/mol/I). systolic

hypertension (sHTN) and diastolic hypertension (dHTN) according to the quintiles (Qlto Q4) of BMf. WHR
and WHtR. The error bars denote 95% confidence interval of the prevalence.

The Chi sq. values-DM: BMI-19.38, WHR-32.56, WHtR-35.57 AFG: BMI-45.3 L WHR-41.45, WHtR-
58.97 sHT~: BMI-14.80, WHR-34.81, WHtR-60.34 dHTN: BMI-17.50, WHR-56.39, WHtR-91.45 for all
estimates, p<O.OOI

Discussions

Our main objective was to substantiate our

hypothesis "waist-to-height ratio (WHtR) is
a better obesity index than BMI and WHR".

We hypothesized because some investigators

found BMI as an independent predictor for
diabetes4.5.2o.21and others found WHR as a

significant obesity index for metabolic
disorders1.2..1.9. BMI excludes waist

circumference (WC), but the 'We' was
proved to be a better indicator than BMI6.7.22

and also WHR8.21. In the elderly Chinese
population, WC was found important but
WHR was proved 'not a useful predictor'23.
A longitudinal study of aging in Baltimore,

USA found that WC was a modest predictor
of coronary risk once BMI is known24.

Moralius et al observed that the degree of
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overweight was reflected by we but not by
WHR25. So, these studies indicate the
importance of We.

On the other hand, several reports indicated
the importance of adult heightlO-I2,which is
ignored when WHR is taken. As regards
height, we noted that the female diabetic
subjects of rural area were significantly
shorter than their non-diabetic counterpartI3.
Interestingly, in other two community
surveys we found that though the age- and
sex-matched diabetic subjects had
significantlyhigher weight and BMI than the
non-diabetic participants they did not differ
significantly in height6,I4.Diabetic subjects
were rather shorter than the non-diabetic

subjects but the difference was not
significant. Short stature is related to low
birth weight and undernutrion in early life
predispose to diabetes and cardiovascular
riskII,16.In Bangladesh,both low birth weight
and childhood undernutrition are prevalent.
All these findings in Bangladesh and other
studiesIO,Il.l5indicate that adult height is an
important anthropometric measure.
Obviously, height could be the most
important estimate for diabetes and
hypertension in a population with low birth-
weight though we could not demonstrate
significant association between adult height
and glucose intolerance.

Therefore, both the anthropometric
estimates-'WC' and 'adult height' were
found important and we thought that if we
take adult height and we together in a
variableas waist-to-heightratio (WHtR)then
we could have a better index for metabolic

diseases. Our preliminary report proved
WHtR as a better predictor for diabetes and
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hypertension compared with BMI and
WHRI3,I4.We also noted that this index is

the simplest of the three (BMI, WHR,
WHtR). For BMI, one is to take weight and
taking weight needs standardization. The
investigator needs to maintain a constant
watch to limit ev of weight at desired level.
The WHR requires hip measurement, which
is very difficult to get without error. It is not
always possible to take hip measures without
clothing. Thus, the variation of fixing a point
at the hip with clothing is frequent. In
addition, the thickness of wearing and under-
wearing varies from person to person,
particularly in female participants; and if
there is tampon, variation tends to be greater.
That is why, possibly, WHR fails to be a
useful predictor25.If all the difficulties and
possible errors are taken into account WHtR
is the simplest, easiest and error free index.
The ev of height measurement is reduced
to very low «3%) if one is instructed to
stand erect with heels, buttocks, scapula
(shoulder blade) and occiput touching a wall,
and gazing ahead horizontally with the
extended great toes. Waist-girth
measurement is also easy to perform in
exposed lower half the trunk. The calculation
of WHtR is very simple as normal cut-off
point is <0.5. If the we exceeds one- half of
the height it becomes a risk for hypertension
and diabetes.

Study limitation. Had we included skin-fold
thickness of arm and scapula we could
determine the association between thickness

measures andWHtR. Similarly,leg and trunk
length could also be compared with WHtR.

We conclude that WHtR was proved again a
valuable obesity index for predicting

8
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hypertension, hyperglycemia and
hyperlipidemia.Thus, this index maybe used
as an important predictor of diabetes,
hypertensionand CHD. Further study taking
WHtR as a risk variable for diabetes and

hypertension in other population may
confirm this finding.

Acknowledgements

We are grateful to Ministry of Science and
Technologyfor the approval of the Research
Grant. We are very much thankful to the
elected body of Kharua Union Council who
actively helped by introducing the research
team to the studypopulation.Weare indebted
to the teachers and students (specially the
female students) of Kharua High School for
their support in maintaining communication
between the house-hold members and the
field workers. We are also thankful to

BIRDEM for providing us with relevant
logistic support.

References

1. McKeigue PM, Marmot MG, Syndercombe
Court YD, Cottier DE, Rahman S,

Ri~mersma RA. Diabetes hyperinsulinemia
and coronary risk factors in Bangladeshis in
East London. Br Heart 1 1988;60: 390-6.

2. McKeigue PM, Miller GJ, Marmot MG.
Coronary heart disease in South Asians
overseas - a review. 1 Clin Epidemiol 1989;
42: 597-609.

3. McKeigue PM, Bela Shah, Marmot MG.
Relation of central obesity and insulin
resistance with high diabetes prevalence and
cardiovascular risk in South Asians. Lancet
1991; 337: 382-6.

4. McKeigue PM, Pierpoint T, Ferrie IE,
Marmot MG. Relationship of glucose
intoleranceand hyperinsulinemia to body fat
pattern in South Asians and Europeans.
Diabetologia 1992; 35: 785-91.

5. Ramachandran A, Dharmraj D, Snehalatha
C, Viswanathan M. Prevalence of glucose
intolerance in Asian Indians: urban-rural

difference and significance of upper body
adiposity.Diabetes Care 1992; 10: 1348-55.

6. Sayeed MA, Hussain MZ, Banu A, Ali L,
Rumi MAK, Azad Khan AK. Effect of
socioeconomic risk factor on difference

between rural and urban in the prevalence
of diabetes in Bangladesh. Diabetes Care
1997; 20: 551-5.

7. Larsson B, Svardsudd K, Welin L,
Wilhelmsen L, Bjorntorp P, Tibblin G.
Abdominal adipose tissue distribution,
obesity, and risk of cardiovascular disease
and death: 13year follow up of participants
in the study of men born in 1913. Br Med 1
1984; 288: 1401-4.

8. van der Kooy K, Leenen R, Seidell lC,
Deurenberg P, Droop A, Bakker Cl. Waist-
to-hip ratio is a poor predictor of changes in
visceral fat. Am 1 Clin Nutr 19~; 57:
327-33.

9. Conway 1M, Chanetsa FF, Wang P.
Intraabdominal adipose tissue and
anthropometric surrogates in African
American women with upper- and lower-
body adiposity. Am 1 Clin Nutr 1997; 66:
1345-51.

10. Brown DC, Byrne CD, Clark PMS, Cox BD,
Hales CN, Shackleton lR et al. Height and
glucose tolerance in adult subjects.
Diabetologia 1991; 34: 531-3.

9



Bangladesh Med. Res. Counc. Bull

11. WaalerHT.Height,weightand mortality:the
Norwegian experience. Acta Med Scan
Suppl 1983;679: I-56.

12. Njolstad I, Arnesen E, Lund-Larsen PG.
Body height, cardiovascular risk factors, and
risk of stroke in middle-aged men and
women. Circulation 1996;94:2877-2882.

13. SayeedMA, KibriyaMG, KhanamPA,Banu
A and Azad Khan AK. Waist-to-height ratio
is an important predictor of diabetes and
hypertension. Diabetologia 1998;41 (supp-
1):Abs 463, A-119.

14. Sayeed MA, Mahtab H, Kibriya MG, Banu
A, KhanamPA,Azad Khan AK. Large waist
in short stature is a risk for hypertension and
diabetes. Diab Endocr 1 1998;26: 11-16.

15. World Health Organization: Expert
Committee on Diabetes Mellitus. Second

report. Geneva, WHO, 1980 (Technical
Report Series no. 646.

16. Sayeed MA, Khan AR, Banu A, Hussain
MZ. Prevalenceof diabetes and hypertension
in a rural populationof Bangladesh.Diabetes
Care 1995; 18: 555-8.

17. Sayeed MA, Hussain MZ, Banu A, Rumi
MAK and Azad Khan AK. Prevalence of

diabetes in a suburban population of
Bangladesh. Diab Res Clin Pract 1997;34:
149-155.

18. Barker DIP, Godfrey KM, Osmond C, Bull
A. The relation of fetal length, ponderal
index and head circumference to blood

pressure and the risk of hypertension in
adult life. Paedtr Perinat Epidemiol 1992;6:
34-44.

April 2903

19. LawlorDA, Ebrahim S, Davey SmithG. The
association between components of adult
height and type II diabetes and insulin
resistance: British Women's Heart and

Health Study. Diabetogia 2002;45: 1067-
1106.

20. Dorn, I.M.; Schisterman,E.F.; Winkelstein,
W.; Trevisan,M. Body mass index and
mortality in a general popplation sample of
men and women: the Buffalo Health Study.
Am 1 EpidemiolI997; 146: 919-23.

21. Chan 1M, Rimm EB, Colditz GA, Stampfer
Ml, Willet We. Obesity,fat distribution, and
weight gain as risk factors for clinical
diabetes in men. Diabetes Care 1994; 17:
961-69

22. lanssen,I.; Katzmarzyk,P.T.; Ross,R. Body
mass index, waist circumference, and health

risk: evidence in support of current national
institutes of health guidelines. Arch Intern
Med 2002; 162: 2074-9.

23. Woo J, Ho SC, Yu AL, Sham A. Is waist

circumference a useful measure in predicting
health outcomes in the elderly? Int 1 Obes
Relat Metab Disord 2002; 26: 1349-55.

24. Iwao S, Iwao N, Muller DC, Elahi D,

Shimokata H, Andres R.Does waist

circumference add to the predictive power

of the body mass index for coronary risk?
Obes Res 200 I; 9: 685-95.

25. Molarius A, Seidell lC, Sans S, Tuomilehto
1, Kuulasmaa K. Waist and hip
circumferences, and waist-hip ratio in 19
populations of the WHO MONICA Project.
Int 1 Obes Relat Metab Disord 1999;23:
116-25.

10


