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Abstract

Background and objective: Both migrant and local urban populations of Asian Indians have high rates of cardiovascular disease. Metabolic
risk factors appear key to this phenomenon but data from rural India are few. We sought to determine the prevalence and distribution of lipids,
obesity and metabolic syndrome in a rural region of Andhra Pradesh.

Methods: Sampling was done in 20 villages representative of the project area with an age- and sex-stratified group of 4535 adults >30 years
selected at random from a local census list. The sample represented 13% of all adults >30 years in the 20 villages with a response rate of 81%.
All participants had interviewer administered questionnaire, physical examination and fasting finger-prick glucose. Every fourth individual
had venous blood testing for lipid profile (n = 1085). Analysis was done using weighting to obtain estimates of risk factor levels for the adult
population in the 20 villages. In addition to standard WHO and 2005 NCEP-ATPIII classifications, exploratory ‘Asian’ definitions were used
for overweight and abdominal obesity.

Results: The population mean levels of total, LDL, HDL-cholesterol and triglycerides were 4.5 (4.4—4.6) mmol/L, 2.8 (2.7-2.9) mmol/L, 1.1
(1.06-1.13) mmol/L, 1.5 (1.4—1.6) mmol/L for men; and 4.8 (4.7-4.9) mmol/L, 3.0 (3.0-3.1) mmol/L, 1.2 (1.16—-1.22) mmol/L, 1.3 (1.2-1.4)
mmol/L for women. 18.4% of men and 26.3% of women were overweight rising to 32.4% of men and 41.4% of women if ‘Asian’ definitions
were used. Criteria for NCEP-ATPIII metabolic syndrome were met by 26.9% of men and 18.4% of women with figures of 32.5% and 23.9%,
respectively, if ‘Asian’ waist cut-offs were substituted.

Conclusions: Dyslipidaemia, adiposity and metabolic syndrome were common in this rural Indian population and prevalence was much
greater if proposed Asian definitions for adiposity were used. Metabolic risk factors likely play a major role in cardiovascular disease in this
region.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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in both local and migrant populations of South Asians [1-5].
Lipids, obesity and metabolic factors appear to have been key
determinants of the burden of cardiovascular disease amongst
the mainly urban populations studied to date [6-8]. Infor-
mation about levels of cardiovascular risk factors in rural
populations of South Asia is much more sparse but is of
great importance. Large proportions of the populations of
developing countries in the Asian subcontinent live in rural
regions, many of which are now making the rapid social and
economic transition already seen in urban areas [9,10]. Fur-
thermore, the few data available suggest that the pattern of
metabolic risk factors in rural regions of developing countries
is not always predictable. In China, for example, the preva-
lence of metabolic syndrome in rural males is only about
one half that observed in men from urban areas while rates
in rural women are almost those of their urban counterparts
[11]. And in Latin America there is evidence from rural com-
munities showing young adults to have a higher prevalence
of metabolic syndrome than the corresponding age group in
the cities [12].

Deteriorating levels of cardiovascular risk factors in large
rural populations can have profound effects on the urban-rural
distribution of people at high risk of cardiovascular disease
in a nation. In Thailand, for example, while levels of most
risk factors were lower in rural regions, the very large pro-
portion of the population living in the countryside means that
the absolute number of people at high cardiovascular risk in
rural areas likely now equals or exceeds that of the cities [13].
A similar transition may occur in India, a country in which
some 70% of the population resides in rural areas. Recent
data suggest that developing rural parts of the country are
following the transition of urban India with high rates of dia-
betes and a large proportion of mortality now attributable to
ischaemic heart disease and stroke [14,15]. There are, how-
ever, few data about the levels of lipids, obesity and metabolic
syndrome in rural India and the likely current and future role
of these risk factors on cardiovascular disease in rural areas
is uncertain. We conducted a high-quality survey to deter-
mine the prevalence and distribution of lipids, obesity and
metabolic syndrome in a developing rural region of India to
resolve some of this uncertainty. We also sought to quantify
the impact that proposed ‘Asian’ definitions for some risk fac-
tors [16,17] might have on the proportions of the population
defined as abnormal.

2. Methods

The study was conducted as part of the Andhra Pradesh
Rural Health Initiative (APRHI) whose members and details
are listed in acknowledgements. The study was approved
by the Ethics Committees of the CARE Hospital, Hyder-
abad in India, and the University of Sydney in Australia. All
participants provided informed consent and the study was
done in line with the Declaration of Helsinki and subsequent
amendments.

2.1. Survey design and sampling method

Twenty villages participating in a broad-based rural devel-
opment initiative run by the Byrraju Foundation, a local
non-governmental organisation and collaborator in APRHI,
were selected from the East and West Godavari regions of
Andhra Pradesh. Villages were chosen to be broadly repre-
sentative of these two districts on the basis of their population
size and distance from the nearest large town. The most
recently collated population lists for these 20 villages were
compiled by the Byrraju Foundation in 2002. These lists
included age, sex and contact details of all individuals living
in the 20 villages and thus enabled selection of a stratified
random sample of individuals over the age of 30 years from
8 groups defined by age (30-39, 40-49, 50-59, 60+) and sex.
Using this method of sampling and data analysis techniques
based on weighting enabled estimation of risk factor levels
overall and for each age and sex group for the population liv-
ing in the 20 villages. This sampling and analysis strategy was
used to simultaneously ensure maximally precise estimates
for each age and sex group while providing for calculation of
an overall population estimate using sample weights. While
simple random sampling would have provided precise esti-
mates overall and for younger age groups, estimates for older
individuals (amongst whom most vascular disease occurs)
would have been imprecise because the adult population is
dominated by individuals of young and middle age.

2.2. Data collection and measurements

Survey work was conducted in 2005. For each individual
that consented to participate, trained study staff administered
a structured questionnaire [18], performed a brief physical
examination and performed a fasting finger-prick glucose
using B-Braun USV meters (Melsungen, Germany). Every
fourth individual had a fasting venous blood sample drawn.
The examination included two sitting measurements of blood
pressure using an Omron M2 manual inflation monitor and
measurements of body weight, height, waist and hip with par-
ticipants wearing light clothing without shoes. Participants
were asked to fast overnight and if their reported fasting time
was less than 8-h on the day of testing, they were asked to
return fasting the next day.

Venous blood samples collected in the villages were
immediately refrigerated in a generator-powered portable
refrigerator and then transferred over ice to the field labo-
ratory within 4 h of collection for separation of serum and
plasma by centrifugation. Plasma glucose was measured by a
GOD-POD method using Merck Pte Ltd, Singapore reagents
on a ALFA Biotech PLD-951 semiautomated analyzer and
the remainder of the sample was then frozen at —20°C.
Frozen samples were shipped to a central internationally
accredited laboratory in the CARE hospital, Hyderabad, India
where at completion of the survey all samples were tested
for creatinine, total cholesterol and cholesterol sub-fractions.
Total cholesterol and triglycerides were determined using
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CHOD-PAP and GPO-POD methods, respectively (Beckman
Synchron Cx System reagents, Fullerton, U.S.). HDL choles-
terol was quantified by the Catalase CHOD-PAP procedure,
direct assay (Randox reagents, Antrim, UK). LDL cholesterol
was measured by Detergent Technology CHOD-PAD direct
assay (Daichi, Tokyo, Japan). Creatinine was measured using
the Kinetic Jaffee method. All biochemistry was measured
using a Beckman Coulter Synchron Cx9 Clinical system
ALX. In addition to this laboratory’s own quality control
processes an external quality assurance program was insti-
tuted using quality control materials provided by the Royal
College of Pathologists Australia.

2.3. Definitions

Abnormalities of total cholesterol, high-density lipopro-
tein cholesterol, low-density lipoprotein (LDL) cholesterol
and triglycerides were defined according to National Choles-
terol Education Program Expert Panel Adult Treatment Panel
(NCEP-ATP III) guidelines [19]. Overweight and obesity
were defined according to conventional World Health Organ-
isation (WHO) cut points of body mass index (BMI) of
>25kg/m? and >30kg/m? respectively as well as by cut
points recommended by the WHO for Asian populations
(>23kg/m? and >27.5kg/m?) [20]. Likewise, abnormali-
ties of waist were categorised both according to NCEP-ATP
IIT guidelines and suggested lower cut points for Asians
(men>90cm, women>80cm) [21]. The metabolic syn-
drome was defined according to the 2005 updated NCEP-ATP
IIT guidelines on the basis of the presence of three or more
of abdominal obesity, elevated triglycerides (>150 mg/dL),
low HDL cholesterol (men <40 mg/dL, women < 50 mg/dL),
high blood pressure (>130/>85 mmHg) or raised fasting
glucose (>100mg/dL) with drug treatment for abnormali-
ties of cholesterol, cholesterol sub-fractions, blood pressure
or glucose considered to indicate an abnormality [21]. A
second ‘Asian’ definition of the metabolic syndrome was
also used, with abdominal obesity defined by the lower cut
points (men>90 cm, women >80 cm) as recommended by
the updated NCEP-ATP III guidelines and the International
Diabetes Federation (IDF) guidelines [21,22].

2.4. Statistical analysis

Statistical analyses were carried out using STATA 8.0. All
results reported are weighted estimates for the total adult
population 30 years and above resident in the 20 study vil-
lages in the Godavari region. Overall and stratum-specific
estimates of risk factor levels are reported. Weights used in
analyses were the population to sample size ratios for each
combination of age, sex and village. These weights adjust
results for the unequal probabilities of selection consequent
upon the stratified sampling technique and took into account
non-response. Separate weights were used for the 4535 indi-
viduals interviewed and the 1085 individuals with venous
blood samples. At the time of analysis, collection of another

round of household data commencing in 2004 was finished
by the Byrraju Foundation. This more recent data on popula-
tion age and sex structure was used for weighting to ensure
estimates of population risk factor levels were as up-to-date
as possible. The age and sex distribution of the population
had not changed greatly compared with the 2002 popula-
tion, with the average ratio of population weights calculated
to be 0.98 and ranging from 0.89 to 1.07 across the eight
age and sex strata. Means and proportions are presented with
standard errors (S.E.) or with 95% confidence intervals. Risk
factor levels were compared between groups using indepen-
dent #-tests for continuous variables and chi-square tests for
proportions. Associations with age were tested using linear
regression and logistic regression models. All tests accounted
for the sampling method and weighting and 2p <0.05 was
considered to indicate a result unlikely to have arisen by
chance.

3. Results

Of the 6985 selected for inclusion in the study on the
basis of the 2002 local Byrraju census, 5627 individuals were
still living in the villages in 2005 and were invited to par-
ticipate in the study. 4535 agreed and provided informed
consent. The response rate of residents was 81%, ranging
from 71% to 89% across the 20 villages and between 77%
and 86% across the eight age and sex groups. Amongst
respondents, data from the questionnaire and physical exam-
ination were more than 99% complete but 3% were excluded
from the analyses on the basis of there being no fast-
ing blood sample available. The population was rural with
54% of the population working as unskilled manual labour-
ers (mainly in agriculture and aquaculture) and only 47%
being literate. The mean monthly income per household
was US$51 (Inter-quartile range $23-55). The prevalence of
cardiovascular disease (previous medical diagnosis of heart
attack, angina or stroke) was 6.6% (5.8-7.4) overall, 7.1%
(5.9-8.3) for men and 6.0% (4.9-7.1) in women. The preva-
lence of hypertension (SBP > 140 or DBP > 90 or medical
diagnosis/treatment of hypertension) was 27.0% (25.7-28.4)
overall, 26.6% (24.6-28.6) for men and 27.5% (25.6-29.4)
in women. The prevalence of current smoking was 25.2%
(23.9-26.6) overall, 45.2%(42.8-47.7) in men and 4.8%
(3.8-5.8%) in women.

3.1. Lipid levels

Mean levels of total cholesterol, LDL-cholesterol, HDL-
cholesterol and triglycerides were 4.6, 2.9, 1.1 and
1.4 mmol/L, respectively (Table 1). Total cholesterol, LDL
cholesterol and HDL cholesterol levels were higher in women
(all p<0.001) but triglycerides levels were higher in men
(»p=0.02). Total cholesterol, LDL cholesterol and triglyc-
erides increased with age (all p <0.005) but no association
of age with HDL cholesterol levels was detected (p =0.3).
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Table 1
Mean levels with standard errors of lipoproteins, weight, waist, BMI and WHR by age and sex in 20 villages in rural Andhra Pradesh, 2005
Total cholesterol ~ LDL-cholesterol HDL-cholesterol  Triglycerides Weight (kg) Waist (cm) BMI (kg/mz) WHR
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E.
Overall 46 0.04 29 0.03 1.1 0.01 14 0.04 544 020 781 0.19 219 0.07 0.87 0.001
30-39 43  0.08 2.7  0.06 1.1 0.02 1.2 0.06 543 036 755 033 216 0.13 0.86 0.002
40-49 48  0.09 3.0 0.07 1.2 0.02 14 0.06 564 041 80.1 039 226 0.14 0.88 0.002
50-59 5.0 0.07 32  0.06 1.2 0.02 1.5 0.09 553 045 802 040 225 0.16 0.88 0.002
60+ 47  0.08 29 0.06 1.2 0.02 1.5 0.08 51.5 037 783 036 214 0.14 0.88 0.002
Men
Men, all 45  0.06 2.8 0.05 1.1 0.02 1.5 0.06 579 029 80.6 027 21.6 0.09 0.91 0.002
30-39 43  0.12 27 010 1.1 0.03 14 0.12 5777 054 780 050 21.1 0.18 0.89 0.003
40-49 46 0.15 29 0.10 1.1 0.04 1.5 0.11 59.5 059 824 0.56 222 0.19 0.92 0.003
50-59 48 0.11 3.1 0.09 1.1 0.03 1.4 0.06 59.1 0.62 829 058 221 020 0.92 0.003
60+ 44  0.10 2.7  0.08 1.1 0.03 1.5 0.10 555 050 806 049 210 0.16 0.92 0.003
Women
Women, all 4.8  0.06 30 0.04 1.2 0.02 1.3 0.05 50.7 027 755 025 223 0.11 0.83 0.001
30-39 44  0.11 2.8  0.08 1.2 0.03 1.0  0.05 51.0 048 729 044 220 0.20 0.82 0.003
40-49 50 0.10 32  0.09 1.2 0.03 1.3 0.06 528 055 776 0.52 231 0.21 0.84 0.003
50-59 52  0.09 3.3 0.07 1.2 0.02 1.7 017 514 061 774 053 228 0.25 0.84 0.003
60+ 50 0.12 3.1 0.08 1.2 0.03 1.5  0.12 478 054 762 052 21.8 022 0.84 0.003

High total cholesterol was recorded in 7.2% and high LDL.
cholesterol in 7.3%, with high total cholesterol more common
in women than men (P=0.03) but no significant differ-
ence between sexes detected for LDL cholesterol (p =0.08),
Tables 2 and 3. The prevalence of low HDL cholesterol was
30.5% and the prevalence of high triglycerides was 11.0%,
with both abnormalities more common in men than women
(both p <0.002), Tables 4 and 5. The prevalence of lipid
abnormalities by age mirrored the patterns seen for mean
lipid levels.

3.2. Adiposity

The mean weight of the population was 54.4 kg, the mean
waist circumference was 78.1 cm, the mean waist:hip ratio
(WHR) was 0.87 and the mean BMI was 21.9 kg/m? (Table 1).
Weight, waist circumference and waist:hip ratio were all
greater in men (all p <0.001) but mean BMI was greater in
women (p <0.001). Waist and WHR both increased with age
(both p <0.001), weight decreased with age (p <0.001) and
no association was found between age and BMI (p=0.6).

Table 2
Prevalence of desirable, borderline high and high total-cholesterol according to ATPIII guidelines by age and sex in rural Andhra Pradesh, 2005
TC <200 mg/dL TC 200-239 mg/dL TC > 240 mg/dL
% S.E. (%) % S.E. (%) % S.E. (%)
Overall 69.8 1.6 23.0 1.5 7.2 0.9
30-39 79.3 29 17.5 2.7 32 1.2
40-49 66.4 34 24.6 3.1 9.0 2.0
50-59 62.2 3.8 273 3.6 10.5 2.1
60+ 64.8 3.0 26.4 2.8 8.8 1.8
Men
Men, total 73.5 2.3 21.1 22 5.4 1.1
30-39 79.6 4.3 16.2 4.1 42 1.9
40-49 68.8 4.8 24.7 4.5 6.5 2.3
50-59 62.1 5.5 30.2 53 7.7 2.7
60+ 78.3 35 17.5 33 4.2 1.7
Women
‘Women, total 66.1 2.3 24.9 2.1 9.0 1.3
30-39 79.0 3.7 18.7 3.6 23 1.3
40-49 63.6 4.8 24.5 42 11.8 33
50-59 62.3 5.3 243 4.7 13.5 34
60+ 522 4.6 34.8 4.4 13.1 3.1

Percentage and standard errors.
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Table 3
Prevalence of optimum, borderline high, high and very high LDL-cholesterol according to ATPIII guidelines by age and sex in rural Andhra Pradesh, India
2005
LDL < 130 mg/dL LDL 130-159 mg/dL LDL 160-189 mg/dL LDL > 190 mg/dL
% S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%)
Overall 69.7 1.7 23.0 1.5 5.8 0.8 L5 0.5
30-39 78.2 2.9 16.8 2.5 4.1 1.5 0.9 0.7
40-49 65.5 35 27.1 3.3 5.5 1.4 1.9 1.2
50-59 61.9 3.8 26.3 35 9.3 2.2 24 0.9
60+ 67.2 3.0 252 2.8 6.0 1.5 1.6 0.8
Men
Men, total 72.3 2.4 22.0 2.2 4.7 1.2 0.9 0.5
30-39 78.5 43 14.8 34 5.1 2.7 1.6 1.3
40-49 68.5 5.0 274 4.9 3.8 1.8 0.2 0.2
50-59 61.4 5.5 27.7 53 9.6 33 1.3 0.9
60+ 75.7 3.8 223 3.7 1.5 0.8 0.6 0.6
‘Women
‘Women, total 67.1 2.3 239 2.1 6.8 1.1 2.2 0.8
30-39 71.9 39 18.8 3.7 3.1 1.5 0.2 0.2
40-49 62.1 4.9 26.8 4.5 7.4 2.2 3.7 2.6
50-59 62.5 53 249 4.6 9.0 29 3.7 1.6
60+ 59.3 45 279 4.1 10.3 2.8 2.5 1.3

Percentage and standard errors.

The proportion with a waist measurement above NCEP
ATPIII recommended levels was 7.6%, the proportion with
a BMI >25kg/m?> was 22.3%and the proportion with a
BMI > 30 kg/m2 was 4.2%, Table 6.

3.3. Metabolic syndrome
The prevalence of NCEP-ATPIII defined metabolic syn-

drome in adults 30 years and over was 24.6% with a greater
prevalence in men, 28.6% than women 20.4% (p=0.03)

and an increasing prevalence with age (p <0.001) (Table 6).
Amongst men with metabolic syndrome, defining risk factors
in order of most common to least common were an abnor-
mal fasting glucose, an elevated blood pressure, a low HDL
cholesterol level, high triglycerides, and abdominal obesity.
Amongst women with metabolic syndrome, defining risk fac-
tors in order of most common to least common were an
abnormal fasting glucose, an elevated blood pressure, high
triglycerides, a low HDL cholesterol level, and abdominal
obesity (Fig. 2).

Table 4
Prevalence of low, normal and high HDL-cholesterol according to ATPIII guidelines by age and sex in rural Andhra Pradesh, India 2005
HDL <40 mg/dL HDL 40-59 mg/dL HDL > 60 mg/dL
% S.E. (%) % S.E. (%) % S.E. (%)
Overall 30.5 1.7 61.8 1.8 7.8 1.0
30-39 34.3 33 57.6 3.5 8.1 2.1
40-49 27.1 32 65.6 3.4 7.3 1.8
50-59 29.1 34 66.7 3.5 4.2 1.2
60+ 29.3 29 60.2 3.1 10.5 1.9
Men
Men, total 389 2.6 54.1 2.6 7.0 1.5
30-39 43.5 5.1 48.2 52 8.3 33
40-49 34.1 4.9 58.4 5.1 7.6 2.7
50-59 40.8 5.5 54.4 5.6 4.8 1.9
60+ 36.2 4.2 57.9 43 59 2.1
Women
‘Women, total 21.8 2.0 69.6 2.3 8.6 1.3
30-39 252 4.1 67.0 44 7.9 2.5
40-49 19.3 39 73.7 43 7.0 22
50-59 17.0 35 79.5 3.8 35 1.5
60+ 229 39 62.3 45 14.8 32

Percentage and standard errors.
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Table 5

Prevalence of normal, borderline high, high and very high Tryglycerides according to ATPIII guidelines by age and sex in rural Andhra Pradesh, India 2005

TG <150 mg/dL TG 150-199 mg/dL TG 200-499 mg/dL TG > 500 mg/dL
% S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%)

Overall 75.8 1.5 13.1 1.2 9.8 1.0 1.2 0.4
30-39 83.2 2.5 8.1 1.9 8.2 1.8 0.5 0.5
40-49 724 33 16.0 29 10.2 2.1 1.1 0.7
50-59 713 3.5 18.6 3.0 8.8 1.9 1.2 1.2
60+ 71.6 29 133 2.1 12.7 2.1 2.3 0.9

Men
Men, total 714 2.4 14.2 1.8 12.6 1.7 1.5 0.6
30-39 74.0 4.4 10.6 3.0 144 35 1.1 1.1
40-49 64.1 5.1 19.8 4.5 133 35 2.0 1.3
50-59 74.9 4.6 20.1 4.3 5.0 1.8 0.0 0.0
60+ 73.8 3.8 8.3 22 15.0 33 29 1.2

Women
‘Women, total 80.3 1.9 11.9 1.6 7.0 1.1 0.8 0.5
30-39 92.4 2.5 5.6 2.2 2.1 1.2 0.0 0.0
40-49 81.7 39 11.6 3.6 6.7 2.1 0.0 0.0
50-59 67.6 53 17.1 4.2 12.8 3.4 2.5 2.5
60+ 69.7 4.2 18.0 35 10.6 2.8 1.8 1.3

Percentage and standard errors.

Metabolic syndrome

M Usual definition
O Asian definition’

Obese
Overweight
Men
Abnormal waist
\ 20 40 60 80 100

% population with condition

Metabolic syndrome

Obese
Overweight
Women
Abnormal waist
0 20 40 60 80 100

% population with condition

Fig. 1. Prevalence of metabolic syndrome, obesity, overweight and abnormal
waist amongst men and women in rural Andhra Pradesh according to usual
NCEP-ATPIII and ‘Asian’ definitions.

3.4. Impact of usual versus ‘Asian’ cut offs

Using the suggested lower Asian cut-offs for waist abnor-
mality [17] increased the proportion with an abnormal waist
measurement to 26.0% overall, 19.7% for men and 32.4% for
women (Fig. 1). Using recommended lower Asian cut-offs
for BMI [16] increased the proportion overweight to 36.8%
with prevalence of 32.4% for men and 41.4% for women and
increased the proportion obese to 10.3% with prevalence of

100% 7
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Men Asian Women ATPIIl  Women Asian

Men ATPIII

O Blood pressure OHDL cholesterol

Waist

5 Triglycerides
M Fasting blood glucose

Fig. 2. Distribution of risk factors amongst men and women with metabolic
syndrome according to usual NCEP-ATPIII and ‘Asian’ definitions.

7.0% for men and 13.6% for women Fig. 1 (Table 6). If the
suggested lower cut offs for waist circumference abnormal-
ity were used in an Asian definition for metabolic syndrome,
the overall proportion with the syndrome increased to 30.2%
with prevalence of 33.6% for men and 26.6% for women. In
addition, the proportion with an abnormal waist circumfer-
ence rose markedly and the proportion with each of the other
abnormalities fell (Fig. 2).

4. Discussion

This survey shows that a substantial proportion of the
rural population of the East and West Godavari regions of
Andhra Pradesh has dyslipidaemia, abnormal levels of adi-
posity and the metabolic syndrome. If suggested lower Asian
cut points for metabolic and weight abnormalities are used,
the magnitude of the problem is even greater than that sug-
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Table 6
Prevalence of abnormalities of waist, body mass index and the metabolic syndrome overall and by age and sex for usual and ‘Asian’ cut offs by age and sex in rural Andhra Pradesh, India 2005
Abnormal waist Overweight Obese Metabolic syndrome”
Usual definition Asian definition Usual definition Asian definition Usual definition Asian definition Usual definition Asian definition
waist =102/88 cm waist =90/80 cm BMI > 25 kg/m2 BMI > 23 kg/m2 BMI > 30 kg/m2 BMI>27.5 kg/m2 waist 102/88 cm waist 90/80 cm
% S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%) % S.E. (%)
Overall 7.6 0.4 260 0.7 223 07 36.8 0.8 42 03 103 0.5 246 15 302 1.6
30-39 3.6 0.6 175 1.2 186 1.3 332 1.6 28 05 7.1 0.8 93 20 121 22
40-49 10.1 1.0 316 1.6 269 15 427 1.7 56 08 129 12 28.1 33 380 3.6
50-59 8.7 0.9 335 1.7 26.8 1.6 420 1.8 47 0.7 128 12 320 37 365 3.8
60+ 10.1 1.0 2715 14 196 12 322 15 46 0.7 103 1.0 38.7 3.1 445 32
Men
Men, all 3.0 0.4 19.7 1.0 184 1.0 324 12 25 04 70 0.6 286 22 336 23
30-39 1.1 0.6 11.0 1.6 143 1.8 284 23 19 07 37 10 120 32 148 34
40-49 4.8 1.1 2477 22 222 21 376 24 37 10 10.8 1.6 355 5.1 433 52
50-59 33 0.8 295 24 248 23 387 2.6 21 07 10.1 1.6 31.7 5.1 363 53
60+ 3.7 0.7 200 1.7 156 1.5 274 19 24 0.6 53 09 44.1 44 49.6 4.4
Women
Women, all  12.2 0.8 324 1.1 263 1.0 414 12 6.0 0.5 136 0.8 204 19 266 2.1
30-39 6.1 1.1 239 19 228 19 379 2.1 36 0.7 105 14 65 24 94 28
40-49 16.2 1.8 394 23 324 22 485 24 77 1.3 154 1.7 19.6 4.0 320 49
50-59 14.2 1.7 377 25 288 23 455 26 74 13 155 1.8 323 53 36.8 54
60+ 16.0 1.7 346 22 234 19 36.7 2.2 6.7 12 150 1.7 338 43 39.8 45

Percentage and standard errors.

* Usual definition according to 2005 NCEP-ATPIII criteria—presence of three or more of abdominal obesity males > 102 cm, females>88 cm, elevated triglycerides (=150 mg/dL), low HDL cholesterol
(men <40 mg/dL, women < 50 mg/dL), high blood pressure >130/>85 mmHg or raised fasting glucose (>100 mg/dL)), drug treatment for abnormalities of cholesterol, sub-fractions, blood pressure or glucose
was counted as abnormal [21]. ‘Asian’ definition of the metabolic syndrome was above except with abdominal obesity defined by the lower cut points (men >90 cm, women > 80 cm).
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gested by the usual definitions. In conjunction with the effects
of a previously reported high prevalence of diabetes [15],
these abnormalities are likely to be an important driver of the
high rates of cardiovascular mortality previously reported for
this population [14]. While the findings for this region may
not necessarily be indicative of the situation for rural India
as a whole, they do provide an important early warning of
the direction that metabolic risk factors and cardiovascular
disease are likely to take as rural regions of India develop.
Over the coming decades economic and social transforma-
tion in India will continue apace and many rural areas are
likely to develop comparable levels of risk factors to those
observed here. Corresponding substantial increases in cardio-
vascular diseases will likely ensue, with major implications
for population health and rural health service provision.
There is rather little other information about population
levels of lipids, adiposity and metabolic syndrome in rural
India. Only six prior studies provide data about lipids from
representative samples of a rural population and all are from
the North [23-28]. Just two of these studies, one from Punjab
[23] and the other from Uttar Pradesh [25] included a large
sample size although the validity and practicality of com-
parisons between those data and ours is somewhat limited
by differences in the methodologies used and the summary
measures reported. In rural Punjab the proportion of adults
aged 30 years and over with abnormal total cholesterol lev-
els was similar to that observed here although the proportion
reported overweight was somewhat lower. In Uttar Pradesh
mean total and LDL-cholesterol levels were lower, mean
HDL cholesterol levels were higher and triglyceride lev-
els were comparable to those observed in Andhra Pradesh
although mean BMI was again somewhat lower.
Compounding the paucity of cross-sectional data describ-
ing levels of lipids, adiposity and metabolic syndrome in
rural India is an almost complete absence of data about the
temporal changes that are occurring in cardiovascular risk
factors in these regions. Some data suggest that hyperten-
sion and diabetes may be increasing in prevalence [29,30]
but information about other risk factors is unavailable. Even
the direction of trends in the prevalence of cardiovascular
disease remains somewhat uncertain. While epidemiologi-
cal models project large increases in cardiovascular disease
in rural areas, a recent review of the literature identified no
upward trend in the prevalence of coronary heart disease,
although the project was significantly limited by the small
quantity and limited comparability of the data available [31].
Information about cardiovascular disease in urban cen-
tres in India is more comprehensive and recent reports show
generally worse levels of lipids, adiposity, and metabolic syn-
drome than in rural regions. For example, in the Jaipur Heart
Watch 3 survey, adults 20 years and over selected from the
Punjabi Bhatia community had a raised total cholesterol in
about one third, overweight in almost two thirds and NCEP-
ATP III defined metabolic syndrome in more than 40% [32].
In the preceding Jaipur Heart Watch 2 survey done some 2
years earlier the corresponding levels of those metabolic risk

factors recorded were also higher than those reported by the
few studies from rural areas but not as elevated as the levels
seen in the most recent survey [5]. Very high levels of total
cholesterol have also been reported from an urban population
in Thiruvananthapuram in the South [33] although choles-
terol levels in the Chennai Urban Population Study were not
different from those observed in this study of rural Andhra
Pradesh [34].

The prevalence of metabolic syndrome observed in rural
Andhra Pradesh was high and above that recently reported by
studies of representative samples of the Hong Kong and Tai-
wanese populations and only slightly less than that reported
for urban and rural Thailand combined [35]. The proportion
of those with the metabolic syndrome with abnormal fasting
glucose levels was particularly high in rural Andhra Pradesh,
a finding that is consistent with observations of dispropor-
tionately high rates of glucose intolerance and diabetes in a
number of South Indian populations [4,36-38]. The rates of
metabolic syndrome observed here are, however, low in com-
parison to the very high prevalence reported for some urban
parts of India. In urban Chennai, for example more than 40%
of adults aged 20-75 years met the criteria for metabolic syn-
drome [3], a prevalence beyond that reported for the United
States [35,39] and comparable to the very high rates observed
amongst Aboriginal communities in Canada [40].

Substantial variation in what constitutes the metabolic
syndrome in different populations has been noted previ-
ously [35], raising uncertainty about the validity of current
definitions of adiposity and metabolic syndrome for Asian
populations [41]. Proposed new cut points for abnormality
of BMI [16] and waist [17] have been suggested for Asian
populations and their application significantly increases the
prevalence of measures of adiposity if applied to this popu-
lation from rural Andhra Pradesh. Incorporating the ‘Asian’
waist cut off into the definition of metabolic syndrome both
increases the prevalence by about one-third and shifts the
pattern of abnormalities somewhat towards that of other
countries [35]—the proportion with an abnormal waist mea-
surement increases and the proportions with each of the other
abnormalities all slightly decrease.

The large sample size of this study ensured that the overall
estimates of risk factor levels were fairly precise. Likewise
the careful sampling procedure, good response rates, largely
complete data and sophisticated statistical weighting process
should have minimized systematic errors. While even the low
rates of non-participation observed here may have introduced
biases, it is unlikely that any bias would be so large in magni-
tude as to alter the main conclusions of this survey. Some
reassurance about the reliability of the project findings is
also provided by their broad comparability to other studies
done in urban and rural India [23,25] and the known effects
of rapid socioeconomic development on risk factor levels in
other communities [42].

In conclusion, two main points arise form these data. First,
dyslipidaemia, adiposity and metabolic syndrome are com-
mon in this rural Indian population and are more common
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if proposed lower Asian cut offs are used. The levels of risk
factors observed here suggest that rural areas of India will
follow the trends seen in urban India and the West, with very
significant implications for rural health. The second main
point is that the pattern of abnormalities observed amongst
those meeting criteria for the metabolic syndrome was once
again different to that reported in other populations [35]. The
heterogeneity of metabolic abnormalities observed between
populations with metabolic syndrome in different countries
provides further support for the argument that metabolic syn-
drome is a definitional clustering of risk factors rather than
a specific disease entity. For most countries, but particularly
developing countries with limited health care resources, it
is not clear that routine assessment of metabolic syndrome
will add much to other absolute risk-based approaches to the
treatment and prevention of cardiovascular disease.
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