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Summary. Type 2 (non-insulin-dependent) diabetes mellitus
and insulin resistance are associated with centrally-dis-
tributed obesity. These disturbances are especially prevalent
in people of South Asian (Indian, Pakistani and Banglade-
shi) descent. We examined the relationship of glucose in-
tolerance to body fat pattern in a population survey of
2936 men and 537 women of South Asian and European
origin living in London, UK. In both groups glucose intoler-
ance (defined as diabetes or impaired glucose tolerance) was
more strongly associated with waist-hip girth ratio than with
skinfolds or body mass index. The associations between body
mass index and glucose intolerance were fully accounted for
by waist-hip ratio. In European men with normal glucose
tolerance fasting insulin levels were more strongly correlated
with body mass index than with waist-hip ratio. Physical ac-
tivity scores were lower in South Asians than in Europeans

but no statistically significant associations between glucose
intolerance and low physical activity were detectable.
Leisure-time physical activity scores were inversely corre-
lated with 2 h insulin levels in both groups. In contrast with
other studies these results suggest that a specific effect of
intra-abdominal fat deposition underlies the association
between glucose intolerance and obesity. The association
between hyperinsulinaemia and obesity is less specific for
centrally-distributed fat. When measured appropriately
waist-hip ratio is the most valid anthropometric index for
identifying individuals whose obesity predisposes them to
glucose intolerance.

Key words: Type 2 (non-insulin-dependent) diabetes melli-
tus, epidemiology, ethnology, insulin, insulin resistance,
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Glucose intolerance and insulin resistance are associated
with obesity and especially with a pattern of obesity in
which a high proportion of body fat is deposited on the
trunk and in the abdomen {1, 2]. Both total adiposity and
body fat distribution have been found to contribute inde-
pendently to the risk of Type 2 (non-insulin-dependent)
diabetes mellitus [3-8]. One way to elucidate these associ-
ationsisto compare populations at high and low risk of de-
veloping diabetes. Prevalence of diabetes is especially
high in people of South Asian (Indian, Pakistani and Ban-
gladeshi) descent living in urban societies [9]; this high
prevalence is part of a pattern of metabolic disturbances
related to insulin resistance in this group [10]. In a popula-
tion survey of diabetes and cardiovascular risk in South
Asians and Europeans we found that the high prevalence
of diabetes was accompanied by a pronounced tendency
to central obesity in South Asians [11]. Mean waist-hip
girth ratios were higher and trunk skinfolds were thicker
in South Asian than in European men and women, with-
out corresponding ethnic differences in body mass index
or thigh skinfolds. In this paper we report a detailed anal-

ysis of the relationship of glucose intolerance to body fat
pattern in this survey.

Subjects and methods

Data collection

Survey design and data collection methods have been described in
detail elsewhere [11]. A sample of 3193 men and 561 women aged
40-69 years was obtained from industrial workforces and general
practitioners’ lists in west London. In this paper only the 1761 Eu-
ropean and 1712 South Asian participants are considered. Partici-
pants attended for examination after an overnight fast. A self-ad-
ministered questionnaire was completed in advance and checked at
the field station by a bilingual interviewer; this included the Rose
angina questionnaire [12], medical history and physical activity
during work and leisure-time. A 12-lead electrocardiogram was re-
corded according to the Minnesota protocol [13]. For anthropo-
metric measurements men were examined unclothed and women
wearing paper under-pants only. Skinfold thicknesses were
measured with calipers (Holtain, Dafyd, UK) at the following sites:
triceps, subscapular, supra-iliac, anterior thigh, and supra-patellar.
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Table 1. Glucose intolerance and anthropometric measurements by
sex and ethnicity

Men Women
European South Asian  European South
Asian
Age (years) Age-specific prevalence of diabetes
40-44 71280 34/336 1/34 4/79
4549 2/305 45/330 1/48 10/64
50-54 13/300 68/321 0/51 10/64
55-59 247308 46/224 1/53 9/48
60-64 21/279 48/121 1/50 9129
65-69 5/34 10/28 1/9 0/4
Age-standardized prevalence
IGT 3% 7% 3% 8%
Known diabetic 3% 13% 2% 9%
Newdiabetic 2% 6% 0% 6%
Age-adjusted means for anthropometric measure-
ments
Height (cm) 174.4 169.7° 161.7 154.6°
Weight (kg) 78.7 73.8° 65.8 64.4
Waist girth (cm)  91.1 92.6° 75.7 83.1°
Abdominal dia-
meter (cm) 213 21.9° 17.9 20.4°
Hip girth (cm) 972 94.6° 98.8 98.2
Thigh girth (cm) 56.7 55.4° 57.9 58.8
Skinfold ratios
Subscapular/
triceps 1.65 2.01° 0.88 1.08°
Subscapular/
anterior thigh  1.42 1.72° 0.57 0.78

2p<0.1, ®p<0.001 for differences between Europeans and South
Asians within each sex.

IGT, Impaired glucose tolerance. Means for skinfold thicknesses,
body mass index and waist-hip ratio have been published previously
[11]

Waist and hip girths were measured in the standing position with a
fibreglass tape 15 mm wide using a spring balance attached to one
end to hold the tape at a tension of 600 g. Waist was measured as
the smallest horizontal girth between the costal margin and iliac
crests, and hip as the circumference at the level of the greater tro-
chanters. Thigh circumference was measured as the maximum girth
around the upper thigh, with the right foot resting on a chair so as
to flex the hip and knee to right angles. Sagittal abdominal diameter
at the level of the iliac crest was measured in the supine position
with a Harpenden anthropometer (Holtain); this measurement was
included because it correlates highly with computed tomographic
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measurements of intra-abdominal fat mass [14]. Venous blood sam-
ples were taken in the fasting state and 2 h after a 75 g glucose load.
Participants who had previously been diagnosed as diabetic and
treated with diet, tablets or insulin were not asked to undergo a
glucose tolerance test. Plasma glucose and serum insulin were
measured as described previously [11].

Statistical analysis

Diabetes and impaired glucose tolerance were defined by World
Health Organization criteria [15]: participants with previously diag-
nosed diabetes were included in the diabetic category. For 25 par-
ticipants glucose tolerance data were missing. From the question-
naire two physical activity scores were calculated for each
individual. A work activity score was derived from the frequencies
of sitting, walking, and lifting heavy loads at work; unemployed and
retired subjects were excluded. Leisure-time activity score was cal-
culated as the average weekly energy expended in walking, cycling
and sporting activities, including travel to work but excluding work
itself. The energy cost of these activities was derived from publish-
ed studies [16]. Participants with evidence of coronary heart disease
were excluded from the physical activity data in this paper. Evi-
dence of coronary heart disease was defined as electrocardio-
graphic major Q waves (Minnesota codes 1-1 or 1-2), a physician’s
diagnosis of heart attack or angina, or a positive angina question-
naire. The 745 men examined at the workplace, whose metabolism
may have been affected by occupational activity on the morning of
the test, were excluded from the correlations between work activity
score and serum insulin.

Leisure-time activity scores, body mass index, skinfolds and
serum insulin were transformed to functions of the form X° before
analysis, choosing for each variable X a constant ¢ so that the skew-
ness of the transformed variable was close to zero. In the tables
these variables have been returned to the original units. Tests of
significance for continuous variables are based on analyses of vari-
ance in least-squares regression models controlling for 10-year age
group as a categoric variable. Age-adjusted means are the values
predicted in these models when the age variables are held at their
mean values.

Diabetes prevalence rates in each sex-ethnic group were directly
standardized to the age distribution of the entire sample. Tests of
significance for proportions are based on the Cochran-Mantel-
Haenszel chi-square statistic [17], stratifying by 10-year age group.
Associations of glucose intolerance with body mass index and waist-
hip ratio were examined in logistic regression models. Linear and
quadratic terms in each obesity index were added to the model and
the change in deviance was tested as a chi-square variate with two de-
grees of freedom. A test for equality of variances in paired samples
[18] was used to compare the proportion of variance in serum insulin
explained by waist-hip ratio with the proportion explained by body
mass index.

Table 2. Age-adjusted means for waist-hip ratio, body mass index and serum insulin in South Asian and European men by glucose tolerance

category

European South Asian

Normoglycaemic IGT Diabetic Normoglycaemic 1GT Diabetic

(1393) (41) (72) (1054) (103) (251)
Waist-hip ratio 0.93 0.98 0.99 097 1.00 1.00°
Body mass index (kg m~?) 25.6 28.5 27.8* 253 26.8 26.3°
Serum immunoreactive insulin (mU/l)
Fasting 7.1 12.0 12.3%0 9.6 133 14.7%0
2h 19 63 370 38 81 5620

2 p <0.001 for differences between glucose tolerance categories within each ethnic group.
b Based on untreated diabetic men only; 33 Europeans and 101 South Asians

IGT, Impaired glucose tolerance
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Table 3. Logistic regression analyses of univariate associations be-
tween glucose intolerance and anthropometric variables, by sex and
ethnicity

Standardized logistic regression coeffi-
cients®

European South Asian ~ South Asian

men men women
Height 0.96 0.99 0.73*
Weight 1.72¢ 1.334 1.35°
Waist girth 2.00¢ 1.544 2.16°
Sagittal abdominal
diameter 1.99¢ 1.59¢ 2.17¢
Hip girth 1.53¢ 1.17¢ 0.85
Thigh girth 1320 1128 0.96
Skinfolds
Triceps 1.53¢ 1.15° 1.16
Subscapular 1.94¢ 1.56¢ 1.89¢
Supra-iliac 1.29° 1.12¢ 1.67°
Anterior thigh 1.10 1.06 0.76°
Supra-patellar 1.28° 1.14° 0.67°
Composite indices
Body mass index 1.97¢ 1.43¢ 1.62°
Waist-hip ratio 2.27¢ 1.81¢ 3.41°
Subscapular/triceps ratio 1.40¢ 1.37¢ 1.51°
Subscapular/anterior
thigh ratio 1.76¢ 1.45¢ 2.26°

*p<01, "p<0.05 “p<0.01, °p<0.001 for the association be-
tween glucose intolerance and the anthropometric variable, control-
ling for age.

¢ Relative odds of glucose intolerance associated with increase of an-
thropometric variable by one SD, in alogistic regression model with
age as the only other variable

Results
Relation of glucose intolerance with body fat pattern

Age-standardized prevalence of glucose intolerance
(defined as impaired glucose tolerance or diabetes) was
26 % in South Asians and 7 % in Europeans (Table 1). In
each ethnic group body mass index, waist-hip ratio and
serum immunoreactive insulin levels were higher in men
with diabetes or impaired glucose tolerance than in nor-
moglycaemic men (Table 2). Compared with diabetic
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men, men with impaired glucose tolerance had higher 2 h
insulin levels but similar fasting insulin levels. Because
mean waist-hip ratios and body mass indices were similar
in men with impaired glucose tolerance and diabetic men,
these two groups were combined in subsequent analyses
of the relationship between body fat pattern and glucose
intolerance.

The correlations between body mass index and waist-
hip ratio were weaker in women than in men and weaker
in South Asians than in Europeans: the coefficients were
0.68 in European men, 0.60 in European women, 0.56 in
South Asian men and 0.45 in South Asian women. The
correlations between sagittal abdominal diameter and
waist girth ranged from 0.91 in European men to 0.87 in
South Asian women. The relationships of anthropometric
measures to prevalence of glucose intolerance were exam-
ined in a series of logistic regression analyses, controlling
for age. European women were excluded from these anal-
yses because of small numbers. The strongest univariate
relationships with glucose intolerance were with waist
girth, abdominal diameter and subscapular skinfold
(Table 3). The specificity of the association between glu-
cose intolerance and central adiposity was clearest in
South Asian women, in whom thigh skinfold thicknesses
were inversely associated with glucose intolerance. The
associations of glucose intolerance were stronger with
waist-hip ratio than with body mass index or with ratios of
skinfold measurements.

When men in each ethnic group were stratified by body
mass index and waist-hip ratio simultaneously, there was
no independent association between body mass index and
glucose intolerance (Fig.1). The numbers of South Asian
women were too small for a similar direct comparison of
stratum-specific prevalence rates. Logistic regression was
used instead to test whether body mass index and waist-
hip ratio were independently associated with glucose in-
tolerance in the three sex-ethnic groups (Table 4). When
waist-hip ratio was included first in the models, body mass
index made no significant additional contribution to the
prediction of glucose intolerance. When body mass index
was included first, the additional contribution of waist-hip
ratio after controlling for body mass index was highly sig-
nificant. Addition of sagittal abdominal diameter to a
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Table 4. Associations of glucose intolerance with waist-hip ratio and
body mass index in multiple logistic regression analyses

Change in deviance (X7, 2df) associated
with adding linear and quadratic terms in

second variable
European South Asian South Asian
men men women

Controlling for age and
waist-hip ratio, adding
BMI 2.72 1.43 4.03

Controlling for age and
BMI, adding waist-hip
ratio 24.53¢

54.13* 45.96*

* p < 0.001 for additional contribution of second variable.
BMI, Body mass index; df, degrees of freedom

Table 5. Percent of variance in serum insulin levels in normogly-
caemic subjects explained by waist-hip ratio or body mass index,
after controlling for age

Waist-hip Body mass
ratio index
Percent of variance in fasting insulin®
Men European 15.1 19.4
South Asian 13.1 15.5
Women European 21.3 26.9
South Asian 17.8 10.7
Percent of variance in 2 h insulin®
Men European 10.5 9.6
South Asian 8.7 5.6°
Women European 8.2 59
South Asian 8.6 49

p<0.05, ®p<0.01 for the difference between the proportion of
variance explained by waist-hip ratio and the proportion explained
by body mass index, using a test for equality of variances in paired
samples [18].

¢ Difference between the R? value for a least-squares regression
model with age group as the only independent variable and the R?
value when linear and quadratic terms in waist-hip ratio or body
mass index were added to the model

model including waist and hip circumference significantly
improved the prediction of glucose intolerance in South
Asian women (x° = 5.35, p = 0.02) but not in European or
South Asian men. Controlling for waist-hip ratio reduced
the age-adjusted odds ratio for prevalence of glucose in-
tolerance in South Asians vs Europeans from 4.8 to 3.4 in
men and from 7.1 to 3.3 in women.

Relation of insulin with body fat pattern

The correlations of obesity indices with serum insulin
were examined within each sex-ethnic group, excluding
subjects with diabetes and impaired glucose tolerance
(Table 5). In European men the proportion of variance in
fasting insulin explained by waist-hip ratio was significant-
ly less than the proportion explained by body mass index
(p = 0.007). In all four sex-ethnic groups the proportion of
variance in 2 h insulin explained by waist-hip ratio was
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higher than the proportion explained by body mass index;
only in South Asian men was this difference statistically
significant (p = 0.03). In men adjusting for waist-hip ratio
in a regression model accounted for 45 % of the ethnic dif-
ference in fasting insulin and 22 % of the ethnic difference
in 2 h insulin; in women the proportions were respectively
47% and 26 %.

Physical activity

Age-adjusted mean leisure-time activity scores in men
without evidence of coronary heart disease were lower in
South Asians than in Europeans (3.0 vs 4.2 MJ/week,
p <0.001), though most men in both groups were physi-
cally inactive (Fig.2). Work activity scores were higher in
South Asian than in European men, reflecting the higher
proportion of manual workers in the South Asian group.
When men with diagnosed diabetes were excluded, there
were no statistically significant associations between
physical activity scores and glucose intolerance (Table 6).
Waist-hip ratio was inversely correlated with leisure-time
activity score but not with work activity score. Though
statistically significant these relationships were weak and
adjusting for leisure-time activity explained only 7% of
the ethnic difference in waist-hip ratio. In both ethnic
groups 2 h insulin levels in normoglycaemic men were in-
versely correlated with work and leisure-time activity
scores.

Discussion

In comparison with Europeans, South Asians tend to ac-
cumulate fat in the abdomen and truncal region and con-
sequently have larger waist circumferences, larger ab-
dominal diameters, and thicker trunk skinfolds. However,
South Asian men have no more fat on the hips and thighs
than have European men. South Asian women are gener-
ally more overweight than European women and also
have a more central distribution of body fat. The tendency
for South Asians to accumulate intra-abdominal fat with-
out necessarily developing generalized obesity contrasts
with other populations at high risk of diabetes, such as
Pima Americans [19] and Nauruans [20], in whom average
body massindices are considerably higher than in popula-
tions of European origin. Although Mexican-American
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Fig.2. Frequency distributions of leisure-time activity scores in
European men (left panel) and South Asian men (right panel) with-
out evidence of coronary heart disease
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Table 6. Relationship of activity scores with glucose intolerance,
waist-hip ratio and serum insulin in men without evidence of coro-
nary heart disease

European South Asian
Work Leisure Work Leisure
score score score score

Standardized logistic regression coefficients®

Glucose intolerance*  0.86 1.02 1.00 0.84°
Age-adjusted correlation coefficients®

Waist-hip ratio 0.00 —-0.14¢ 0.02 -0.10¢

Fasting insulin® —0.08>" —0.09° -0.05" -0.05

-0.15¢

2p<0.1, " p <005, <p<0.01, ¢ p<0.001 for the association.

° Relative odds of glucose intolerance associated with increase of
exercise score by one SD), in a logistic regression model with age as
the only other variable. Men with previously diagnosed diabetes are
excluded.

fPartial correlation of the variable with exercise score in a least-
squares regression mode] with age as the only other variable.

¢ Excluding men with diabetes or impaired glucose tolerance.

" Excluding men examined at the workplace

2 hinsulin® -0.15%" -0.14"  -0.10°

women have a more central pattern of subcutaneous fat
distribution than non-Hispanic European women, waist-
hip ratios in Mexican-American men and women are no
higher than in non-Hispanic Europeans when allowance is
made for differences in body mass index [21]. Waist-hip
ratio and body mass index are strongly correlated in men,
whose obesity is almost always associated with accumula-
tion of central fat. In women the association between the
quantity of body fat and its distribution is weaker, which
makes it easier to distinguish the effects of these two fac-
tors. The association between glucose intolerance and
central obesity appears to be stronger in South Asian
women than in South Asian men; similar findings have
been reported in a prospective study of Mexican-Ameri-
cans [22].

Other cross-sectional [3-6] and prospective [7, 8]
studies of the relationship between body fat pattern and
glucose intolerance have found that both waist-hip ratio
and body mass index are independently associated with
glucose intolerance. In Finnish men and women aged 45~
74 years [3,4] body mass index accounted statistically for a
higher proportion of variance in 2 h glucose than did waist-
hip ratio. In Mexican-Americans [5] the association with
prevalent diabetes was stronger for waist-hip ratio than for
body mass index in men but not in women; among Indians
in Mauritius the opposite was found [6]. In two prospective
studies in Gothenburg, Sweden, waist-hip ratio and body
mass index were equally and independently predictive of
diabetes incidence in men aged 54 at 13.5 years of follow-
up [7}andin women aged 38-60 at 12 years of follow-up [8].
These earlier results contrast with our unequivocal finding
that,in twoethnic groups and bothsexes, waist-hip ratioac-
counted statistically for the entire association between
weight-for-height and glucose intolerance. Our findings
are more consistent with a study of Japanese men aged 40-
59 yearsinwhich glycated haemoglobinlevels were related
to waist-hip ratio but not body mass index in a multivariate
analysis [23].
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Waist-hip ratio is difficult to measure reliably, and tech-
niques may not be comparable between studies. In the
Gothenburg men hip circumference was measured at the
level of the anterior superior iliac spine {7], which differs
from the usual measurement at the level of the greater tro-
chanters or around the buttocks. In the Mauritian study
waist was measured as the least circumference between
the levels of the xiphisternum and the umbilicus [6]. The
relationship of this measurement to intra-abdominal fat
mass is uncertain; in some subjects it would be equivalent
to measuring the girth of the lower thorax. Others have
constructed indices of body fat distribution from skinfold
thicknesses: the subscapular/triceps ratio has been used as
a “centrality index” [22, 24]. In this study glucose intoler-
ance was associated more strongly with waist-hip ratio
than with any combination of skinfolds. If skinfold mea-
surements are to be used to identify individuals whose
body fat pattern predisposes them to develop diabetes,
then an index such as the subscapular/anterior thigh ratio
which contrasts upper body fat with lower body fat ap-
pears to be more valid than the subscapular/triceps ratio.
The cross-sectional associations between body fat pattern
and glucose intolerance may be biased by non-response
and the effects of disease; confirmation of our findings will
therefore depend upon long-term follow-up.

Computed tomographic measurements of total body
fat and intra-abdominal fat mass correlate more strongly
with body mass index than with waist-hip ratio [24-26].
Only the ratio of infra-abdominal to extra-abdominal fat
is more highly correlated with waist-hip ratio than with
body mass index [25, 27]. Our findings therefore suggest
that glucose intolerance is specifically associated with
high ratios of intra-abdominal to extra-abdominal fat,
rather than with total fat mass. This interpretation is
strengthened by the observation that in South Asian
women, where total adiposity and body fat distribution
are only weakly associated, glucose intolerance is inverse-
ly associated with thigh skinfold thicknesses. Although
waist-hip ratio accounts statistically for less than half of
the South Asian/European difference in prevalence of
glucose intolerance, it is possible that direct measure-
ments of intra-abdominal/extra-abdominal fat mass ratio
would account for more of this ethnic difference.

The control of body fat distribution is not understood,
although the sex differences are probably determined by
hormonal influences. Central obesity and hyperinsuli-
naemia are associated with high androgen levels in
women [28, 29] but not in men {30, 31]. It is therefore un-
likely that a disturbance of sex hormone levels could ac-
count for the tendency to central obesity and insulin resis-
tance in both men and women of South Asian descent. To
explain our findings that glucose intolerance is specifically
associated with central body fat distribution whereas elev-
ated insulin levels are associated with generalized obesity
also, it is necessary to postulate two distinct pathways of
association: one linking glucose intolerance specifically
with central adiposity, and another linking hyperinsuli-
naemia with generalized adiposity. Type 2 diabetes is
characterized by failure to suppress hepatic glucose pro-
duction and it has been proposed that this results {rom
failure of insulin to suppress non-esterified fatty acids
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[32]. Such a mechanism could explain the specific relation-
ship of glucose intolerance with central obesity, since
intra-abdominal fat cells are resistant to insulin-mediated
suppression of lipolysis [33, 34] and release non-esterified
fatty acids into the portal circulation. This hypothesis
awaits confirmation from direct measurements.

In contrast with surveys of South Asian men in Fiji [35]
and Mauritius [6], no statistically significant association
between glucose intolerance and low physical activity was
detectable in this study. This may be because we studied
only urban residents aged over 40 years, unlike the Fijian
and Mauritian studies which included younger men and
agricultural labourers likely to have been physically ac-
tive. Although we found inverse correlations between
leisure-time activity and waist-hip ratio in men, similar to
those reported by others [36], there were no correlations
between occupational activity and waist-hip ratio.
Leisure-time activity and efforts to control obesity are
likely to be part of a pattern of health-maintaining be-
haviour associated with high socio-economic status,
whereas physically demanding occupations are generally
associated with low socio-economic status. Both occupa-
tional and leisure-time activity scores in men were inver-
sely correlated with 2 h insulin levels. In people with glu-
cose intolerance elevated immunoreactive insulin levels
at 2 h after a glucose load may be caused by loss of the
acute insulin response to glucose challenge [37] or by elev-
ated levels of proinsulin and other intermediates which
cross-react with the insulin assay [38]. However, these
phenomena of Beta-cell dysfunction, which may result
from the toxic effects of hyperglycaemia [39], have not
been demonstrated in people with normal glucose toler-
ance and our analyses of insulin levels were restricted to
this groups. Post-glucose insulin levels correlate with
steady-state measurements of resistance to insulin-stimu-
lated glucose disposal in normoglycaemic individuals [40];
itisreasonable, therefore, to attribute the inverse correla-
tions between 2 h insulin and exercise score to the rela-
tionship between physical activity and insulin sensitivity
which has been demonstrated experimentally [41]. Inter-
vention studies may help to establish whether control of
obesity and maintenance of physical fitness can reduce the
risk of developing diabetes in South Asian communities
and in other populations at high risk of Type 2 diabetes.
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