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bstract

ackground and objective: Both migrant and local urban populations of Asian Indians have high rates of cardiovascular disease. Metabolic
isk factors appear key to this phenomenon but data from rural India are few. We sought to determine the prevalence and distribution of lipids,
besity and metabolic syndrome in a rural region of Andhra Pradesh.
ethods: Sampling was done in 20 villages representative of the project area with an age- and sex-stratified group of 4535 adults ≥30 years

elected 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%.
ll participants had interviewer administered questionnaire, physical examination and fasting finger-prick glucose. Every fourth individual
ad venous blood testing for lipid profile (n = 1085). Analysis was done using weighting to obtain estimates of risk factor levels for the adult
opulation in the 20 villages. In addition to standard WHO and 2005 NCEP-ATPIII classifications, exploratory ‘Asian’ definitions were used
or overweight and abdominal obesity.
esults: 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)
mol/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
ere 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%,

espectively, if ‘Asian’ waist cut-offs were substituted.

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

2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Markedly abnormal levels of cardiovascular risk factors
nd high rates of cardiovascular disease have been observed

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027
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n both local and migrant populations of South Asians [1–5].
ipids, obesity and metabolic factors appear to have been key
eterminants of the burden of cardiovascular disease amongst
he mainly urban populations studied to date [6–8]. Infor-
ation about levels of cardiovascular risk factors in rural

opulations of South Asia is much more sparse but is of
reat importance. Large proportions of the populations of
eveloping countries in the Asian subcontinent live in rural
egions, many of which are now making the rapid social and
conomic transition already seen in urban areas [9,10]. Fur-
hermore, the few data available suggest that the pattern of

etabolic risk factors in rural regions of developing countries
s not always predictable. In China, for example, the preva-
ence of metabolic syndrome in rural males is only about
ne half that observed in men from urban areas while rates
n rural women are almost those of their urban counterparts
11]. And in Latin America there is evidence from rural com-
unities showing young adults to have a higher prevalence

f metabolic syndrome than the corresponding age group in
he cities [12].

Deteriorating levels of cardiovascular risk factors in large
ural populations can have profound effects on the urban-rural
istribution of people at high risk of cardiovascular disease
n a nation. In Thailand, for example, while levels of most
isk factors were lower in rural regions, the very large pro-
ortion of the population living in the countryside means that
he absolute number of people at high cardiovascular risk in
ural areas likely now equals or exceeds that of the cities [13].

similar transition may occur in India, a country in which
ome 70% of the population resides in rural areas. Recent
ata suggest that developing rural parts of the country are
ollowing the transition of urban India with high rates of dia-
etes and a large proportion of mortality now attributable to
schaemic heart disease and stroke [14,15]. There are, how-
ver, few data about the levels of lipids, obesity and metabolic
yndrome in rural India and the likely current and future role
f these risk factors on cardiovascular disease in rural areas
s uncertain. We conducted a high-quality survey to deter-

ine the prevalence and distribution of lipids, obesity and
etabolic syndrome in a developing rural region of India to

esolve some of this uncertainty. We also sought to quantify
he impact that proposed ‘Asian’ definitions for some risk fac-
ors [16,17] might have on the proportions of the population
efined as abnormal.

. Methods

The study was conducted as part of the Andhra Pradesh
ural Health Initiative (APRHI) whose members and details
re listed in acknowledgements. The study was approved
y the Ethics Committees of the CARE Hospital, Hyder-
Please cite this article in press as: Chow CK, et al., Significant lipid, adi
developing region of rural Andhra Pradesh, Atherosclerosis (2007), doi:

bad in India, and the University of Sydney in Australia. All
articipants provided informed consent and the study was
one in line with the Declaration of Helsinki and subsequent
mendments.
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.1. Survey design and sampling method

Twenty villages participating in a broad-based rural devel-
pment initiative run by the Byrraju Foundation, a local
on-governmental organisation and collaborator in APRHI,
ere selected from the East and West Godavari regions of
ndhra Pradesh. Villages were chosen to be broadly repre-

entative of these two districts on the basis of their population
ize and distance from the nearest large town. The most
ecently collated population lists for these 20 villages were
ompiled by the Byrraju Foundation in 2002. These lists
ncluded age, sex and contact details of all individuals living
n the 20 villages and thus enabled selection of a stratified
andom sample of individuals over the age of 30 years from
groups defined by age (30–39, 40–49, 50–59, 60+) and sex.
sing this method of sampling and data analysis techniques
ased on weighting enabled estimation of risk factor levels
verall and for each age and sex group for the population liv-
ng in the 20 villages. This sampling and analysis strategy was
sed to simultaneously ensure maximally precise estimates
or each age and sex group while providing for calculation of
n overall population estimate using sample weights. While
imple random sampling would have provided precise esti-
ates overall and for younger age groups, estimates for older

ndividuals (amongst whom most vascular disease occurs)
ould have been imprecise because the adult population is
ominated by individuals of young and middle age.

.2. Data collection and measurements

Survey work was conducted in 2005. For each individual
hat consented to participate, trained study staff administered

structured questionnaire [18], performed a brief physical
xamination and performed a fasting finger-prick glucose
sing B-Braun USV meters (Melsungen, Germany). Every
ourth individual had a fasting venous blood sample drawn.
he examination included two sitting measurements of blood
ressure using an Omron M2 manual inflation monitor and
easurements of body weight, height, waist and hip with par-

icipants wearing light clothing without shoes. Participants
ere asked to fast overnight and if their reported fasting time
as less than 8-h on the day of testing, they were asked to

eturn fasting the next day.
Venous blood samples collected in the villages were

mmediately refrigerated in a generator-powered portable
efrigerator and then transferred over ice to the field labo-
atory within 4 h of collection for separation of serum and
lasma by centrifugation. Plasma glucose was measured by a
OD-POD method using Merck Pte Ltd, Singapore reagents
n a ALFA Biotech PLD-951 semiautomated analyzer and
he remainder of the sample was then frozen at −20 ◦C.
rozen samples were shipped to a central internationally
posity and metabolic abnormalities amongst 4535 Indians from a
10.1016/j.atherosclerosis.2007.02.027

ccredited laboratory in the CARE hospital, Hyderabad, India
here at completion of the survey all samples were tested

or creatinine, total cholesterol and cholesterol sub-fractions.
otal cholesterol and triglycerides were determined using

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027
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HOD-PAP and GPO-POD methods, respectively (Beckman
ynchron Cx System reagents, Fullerton, U.S.). HDL choles-

erol was quantified by the Catalase CHOD-PAP procedure,
irect assay (Randox reagents, Antrim, UK). LDL cholesterol
as measured by Detergent Technology CHOD-PAD direct

ssay (Daichi, Tokyo, Japan). Creatinine was measured using
he Kinetic Jaffee method. All biochemistry was measured
sing a Beckman Coulter Synchron Cx9 Clinical system
LX. In addition to this laboratory’s own quality control
rocesses an external quality assurance program was insti-
uted using quality control materials provided by the Royal
ollege of Pathologists Australia.

.3. Definitions

Abnormalities of total cholesterol, high-density lipopro-
ein cholesterol, low-density lipoprotein (LDL) cholesterol
nd triglycerides were defined according to National Choles-
erol Education Program Expert Panel Adult Treatment Panel
NCEP-ATP III) guidelines [19]. Overweight and obesity
ere defined according to conventional World Health Organ-

sation (WHO) cut points of body mass index (BMI) of
25 kg/m2 and ≥30 kg/m2 respectively as well as by cut

oints recommended by the WHO for Asian populations
≥23 kg/m2 and ≥27.5 kg/m2) [20]. Likewise, abnormali-
ies of waist were categorised both according to NCEP-ATP
II guidelines and suggested lower cut points for Asians
men > 90 cm, women > 80 cm) [21]. The metabolic syn-
rome was defined according to the 2005 updated NCEP-ATP
II guidelines on the basis of the presence of three or more
f abdominal obesity, elevated triglycerides (≥150 mg/dL),
ow HDL cholesterol (men < 40 mg/dL, women < 50 mg/dL),
igh blood pressure (≥130/≥85 mmHg) or raised fasting
lucose (≥100 mg/dL) with drug treatment for abnormali-
ies of cholesterol, cholesterol sub-fractions, blood pressure
r glucose considered to indicate an abnormality [21]. A
econd ‘Asian’ definition of the metabolic syndrome was
lso used, with abdominal obesity defined by the lower cut
oints (men > 90 cm, women > 80 cm) as recommended by
he updated NCEP-ATP III guidelines and the International
iabetes Federation (IDF) guidelines [21,22].

.4. Statistical analysis

Statistical analyses were carried out using STATA 8.0. All
esults reported are weighted estimates for the total adult
opulation 30 years and above resident in the 20 study vil-
ages in the Godavari region. Overall and stratum-specific
stimates of risk factor levels are reported. Weights used in
nalyses were the population to sample size ratios for each
ombination of age, sex and village. These weights adjust
esults for the unequal probabilities of selection consequent
Please cite this article in press as: Chow CK, et al., Significant lipid, adi
developing region of rural Andhra Pradesh, Atherosclerosis (2007), doi:

pon the stratified sampling technique and took into account
on-response. Separate weights were used for the 4535 indi-
iduals interviewed and the 1085 individuals with venous
lood samples. At the time of analysis, collection of another
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ound of household data commencing in 2004 was finished
y the Byrraju Foundation. This more recent data on popula-
ion age and sex structure was used for weighting to ensure
stimates of population risk factor levels were as up-to-date
s possible. The age and sex distribution of the population
ad not changed greatly compared with the 2002 popula-
ion, with the average ratio of population weights calculated
o be 0.98 and ranging from 0.89 to 1.07 across the eight
ge and sex strata. Means and proportions are presented with
tandard errors (S.E.) or with 95% confidence intervals. Risk
actor levels were compared between groups using indepen-
ent t-tests for continuous variables and chi-square tests for
roportions. Associations with age were tested using linear
egression and logistic regression models. All tests accounted
or the sampling method and weighting and 2p < 0.05 was
onsidered to indicate a result unlikely to have arisen by
hance.

. Results

Of the 6985 selected for inclusion in the study on the
asis of the 2002 local Byrraju census, 5627 individuals were
till living in the villages in 2005 and were invited to par-
icipate in the study. 4535 agreed and provided informed
onsent. The response rate of residents was 81%, ranging
rom 71% to 89% across the 20 villages and between 77%
nd 86% across the eight age and sex groups. Amongst
espondents, data from the questionnaire and physical exam-
nation were more than 99% complete but 3% were excluded
rom the analyses on the basis of there being no fast-
ng blood sample available. The population was rural with
4% of the population working as unskilled manual labour-
rs (mainly in agriculture and aquaculture) and only 47%
eing literate. The mean monthly income per household
as US$51 (Inter-quartile range $23–55). The prevalence of

ardiovascular disease (previous medical diagnosis of heart
ttack, 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-
ence of hypertension (SBP ≥ 140 or DBP ≥ 90 or medical
iagnosis/treatment of hypertension) was 27.0% (25.7–28.4)
verall, 26.6% (24.6–28.6) for men and 27.5% (25.6–29.4)
n 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.

.1. Lipid levels

Mean levels of total cholesterol, LDL-cholesterol, HDL-
holesterol and triglycerides were 4.6, 2.9, 1.1 and
.4 mmol/L, respectively (Table 1). Total cholesterol, LDL
holesterol and HDL cholesterol levels were higher in women
posity and metabolic abnormalities amongst 4535 Indians from a
10.1016/j.atherosclerosis.2007.02.027

all p < 0.001) but triglycerides levels were higher in men
p = 0.02). Total cholesterol, LDL cholesterol and triglyc-
rides increased with age (all p ≤ 0.005) but no association
f age with HDL cholesterol levels was detected (p = 0.3).

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027


ARTICLE IN PRESSATH-9879; No. of Pages 10

4 C.K. Chow et al. / Atherosclerosis xxx (2007) xxx–xxx

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
(mmol/L)

LDL-cholesterol
(mmol/L)

HDL-cholesterol
(mmol/L)

Triglycerides
(mmol/L)

Weight (kg) Waist (cm) BMI (kg/m2) WHR

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 4.6 0.04 2.9 0.03 1.1 0.01 1.4 0.04 54.4 0.20 78.1 0.19 21.9 0.07 0.87 0.001
30–39 4.3 0.08 2.7 0.06 1.1 0.02 1.2 0.06 54.3 0.36 75.5 0.33 21.6 0.13 0.86 0.002
40–49 4.8 0.09 3.0 0.07 1.2 0.02 1.4 0.06 56.4 0.41 80.1 0.39 22.6 0.14 0.88 0.002
50–59 5.0 0.07 3.2 0.06 1.2 0.02 1.5 0.09 55.3 0.45 80.2 0.40 22.5 0.16 0.88 0.002
60+ 4.7 0.08 2.9 0.06 1.2 0.02 1.5 0.08 51.5 0.37 78.3 0.36 21.4 0.14 0.88 0.002

Men
Men, all 4.5 0.06 2.8 0.05 1.1 0.02 1.5 0.06 57.9 0.29 80.6 0.27 21.6 0.09 0.91 0.002
30–39 4.3 0.12 2.7 0.10 1.1 0.03 1.4 0.12 57.7 0.54 78.0 0.50 21.1 0.18 0.89 0.003
40–49 4.6 0.15 2.9 0.10 1.1 0.04 1.5 0.11 59.5 0.59 82.4 0.56 22.2 0.19 0.92 0.003
50–59 4.8 0.11 3.1 0.09 1.1 0.03 1.4 0.06 59.1 0.62 82.9 0.58 22.1 0.20 0.92 0.003
60+ 4.4 0.10 2.7 0.08 1.1 0.03 1.5 0.10 55.5 0.50 80.6 0.49 21.0 0.16 0.92 0.003

Women
Women, all 4.8 0.06 3.0 0.04 1.2 0.02 1.3 0.05 50.7 0.27 75.5 0.25 22.3 0.11 0.83 0.001
30–39 4.4 0.11 2.8 0.08 1.2 0.03 1.0 0.05 51.0 0.48 72.9 0.44 22.0 0.20 0.82 0.003
40–49 5.0 0.10 3.2 0.09 1.2 0.03 1.3 0.06 52.8 0.55 77.6 0.52 23.1 0.21 0.84 0.003

1.7
1.5

c
i
e
T
3
w
(
a
l

3

w
(
W
g

T
P

M

W

P

50–59 5.2 0.09 3.3 0.07 1.2 0.02
60+ 5.0 0.12 3.1 0.08 1.2 0.03

High total cholesterol was recorded in 7.2% and high LDL
holesterol in 7.3%, with high total cholesterol more common
n women than men (P = 0.03) but no significant differ-
nce between sexes detected for LDL cholesterol (p = 0.08),
ables 2 and 3. The prevalence of low HDL cholesterol was
0.5% and the prevalence of high triglycerides was 11.0%,
ith both abnormalities more common in men than women
Please cite this article in press as: Chow CK, et al., Significant lipid, adi
developing region of rural Andhra Pradesh, Atherosclerosis (2007), doi:

both p ≤ 0.002), Tables 4 and 5. The prevalence of lipid
bnormalities by age mirrored the patterns seen for mean
ipid levels.

w
(
n

able 2
revalence of desirable, borderline high and high total-cholesterol according to AT

TC < 200 mg/dL TC 20

% S.E. (%) %

Overall 69.8 1.6 23.0
30–39 79.3 2.9 17.5
40–49 66.4 3.4 24.6
50–59 62.2 3.8 27.3
60+ 64.8 3.0 26.4

en
Men, total 73.5 2.3 21.1
30–39 79.6 4.3 16.2
40–49 68.8 4.8 24.7
50–59 62.1 5.5 30.2
60+ 78.3 3.5 17.5

omen
Women, total 66.1 2.3 24.9
30–39 79.0 3.7 18.7
40–49 63.6 4.8 24.5
50–59 62.3 5.3 24.3
60+ 52.2 4.6 34.8

ercentage and standard errors.
0.17 51.4 0.61 77.4 0.53 22.8 0.25 0.84 0.003
0.12 47.8 0.54 76.2 0.52 21.8 0.22 0.84 0.003

.2. Adiposity

The mean weight of the population was 54.4 kg, the mean
aist circumference was 78.1 cm, the mean waist:hip ratio

WHR) was 0.87 and the mean BMI was 21.9 kg/m2 (Table 1).
eight, waist circumference and waist:hip ratio were all

reater in men (all p < 0.001) but mean BMI was greater in
posity and metabolic abnormalities amongst 4535 Indians from a
10.1016/j.atherosclerosis.2007.02.027

omen (p < 0.001). Waist and WHR both increased with age
both p ≤ 0.001), weight decreased with age (p < 0.001) and
o association was found between age and BMI (p = 0.6).

PIII guidelines by age and sex in rural Andhra Pradesh, 2005

0–239 mg/dL TC ≥ 240 mg/dL

S.E. (%) % S.E. (%)

1.5 7.2 0.9
2.7 3.2 1.2
3.1 9.0 2.0
3.6 10.5 2.1
2.8 8.8 1.8

2.2 5.4 1.1
4.1 4.2 1.9
4.5 6.5 2.3
5.3 7.7 2.7
3.3 4.2 1.7

2.1 9.0 1.3
3.6 2.3 1.3
4.2 11.8 3.3
4.7 13.5 3.4
4.4 13.1 3.1

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027


ARTICLE IN PRESSATH-9879; No. of Pages 10

C.K. Chow et al. / Atherosclerosis xxx (2007) xxx–xxx 5

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 1.5 0.5
30–39 78.2 2.9 16.8 2.5 4.1 1.5 0.9 0.7
40–49 65.5 3.5 27.1 3.3 5.5 1.4 1.9 1.2
50–59 61.9 3.8 26.3 3.5 9.3 2.2 2.4 0.9
60+ 67.2 3.0 25.2 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 4.3 14.8 3.4 5.1 2.7 1.6 1.3
40–49 68.5 5.0 27.4 4.9 3.8 1.8 0.2 0.2
50–59 61.4 5.5 27.7 5.3 9.6 3.3 1.3 0.9
60+ 75.7 3.8 22.3 3.7 1.5 0.8 0.6 0.6

Women
Women, total 67.1 2.3 23.9 2.1 6.8 1.1 2.2 0.8
30–39 77.9 3.9 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 5.3 24.9 4.6 9.0 2.9 3.7 1.6

P

T
A
a
B

3

d
p

a
A
i
m
c
A

T
P

M

W

P

60+ 59.3 4.5 27.9 4.1

ercentage and standard errors.

he proportion with a waist measurement above NCEP
TPIII recommended levels was 7.6%, the proportion with
BMI ≥ 25 kg/m2 was 22.3%and the proportion with a

MI ≥ 30 kg/m2 was 4.2%, Table 6.

.3. Metabolic syndrome
Please cite this article in press as: Chow CK, et al., Significant lipid, adi
developing region of rural Andhra Pradesh, Atherosclerosis (2007), doi:

The prevalence of NCEP-ATPIII defined metabolic syn-
rome in adults 30 years and over was 24.6% with a greater
revalence in men, 28.6% than women 20.4% (p = 0.03)

t
a
t
o

able 4
revalence of low, normal and high HDL-cholesterol according to ATPIII guideline

HDL < 40 mg/dL HDL 40–5

% S.E. (%) %

Overall 30.5 1.7 61.8
30–39 34.3 3.3 57.6
40–49 27.1 3.2 65.6
50–59 29.1 3.4 66.7
60+ 29.3 2.9 60.2

en
Men, total 38.9 2.6 54.1
30–39 43.5 5.1 48.2
40–49 34.1 4.9 58.4
50–59 40.8 5.5 54.4
60+ 36.2 4.2 57.9

omen
Women, total 21.8 2.0 69.6
30–39 25.2 4.1 67.0
40–49 19.3 3.9 73.7
50–59 17.0 3.5 79.5
60+ 22.9 3.9 62.3

ercentage and standard errors.
10.3 2.8 2.5 1.3

nd an increasing prevalence with age (p < 0.001) (Table 6).
mongst men with metabolic syndrome, defining risk factors

n order of most common to least common were an abnor-
al fasting glucose, an elevated blood pressure, a low HDL

holesterol level, high triglycerides, and abdominal obesity.
mongst women with metabolic syndrome, defining risk fac-
posity and metabolic abnormalities amongst 4535 Indians from a
10.1016/j.atherosclerosis.2007.02.027

ors in order of most common to least common were an
bnormal fasting glucose, an elevated blood pressure, high
riglycerides, a low HDL cholesterol level, and abdominal
besity (Fig. 2).

s by age and sex in rural Andhra Pradesh, India 2005

9 mg/dL HDL ≥ 60 mg/dL

S.E. (%) % S.E. (%)

1.8 7.8 1.0
3.5 8.1 2.1
3.4 7.3 1.8
3.5 4.2 1.2
3.1 10.5 1.9

2.6 7.0 1.5
5.2 8.3 3.3
5.1 7.6 2.7
5.6 4.8 1.9
4.3 5.9 2.1

2.3 8.6 1.3
4.4 7.9 2.5
4.3 7.0 2.2
3.8 3.5 1.5
4.5 14.8 3.2

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027
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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 72.4 3.3 16.0 2.9 10.2 2.1 1.1 0.7
50–59 71.3 3.5 18.6 3.0 8.8 1.9 1.2 1.2
60+ 71.6 2.9 13.3 2.1 12.7 2.1 2.3 0.9

Men
Men, total 71.4 2.4 14.2 1.8 12.6 1.7 1.5 0.6
30–39 74.0 4.4 10.6 3.0 14.4 3.5 1.1 1.1
40–49 64.1 5.1 19.8 4.5 13.3 3.5 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 2.2 15.0 3.3 2.9 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 3.9 11.6 3.6 6.7 2.1 0.0 0.0
50–59 67.6 5.3 17.1 4.2 12.8 3.4 2.5 2.5
60+ 69.7 4.2 18.0 3.5 10.6 2.8 1.8 1.3

Percentage and standard errors.
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Andhra Pradesh has dyslipidaemia, abnormal levels of adi-
ig. 1. Prevalence of metabolic syndrome, obesity, overweight and abnormal
aist amongst men and women in rural Andhra Pradesh according to usual
CEP-ATPIII and ‘Asian’ definitions.

.4. Impact of usual versus ‘Asian’ cut offs

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

ncreased the proportion obese to 10.3% with prevalence of

p
c
t

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

.0% for men and 13.6% for women Fig. 1 (Table 6). If the
uggested lower cut offs for waist circumference abnormal-
ty were used in an Asian definition for metabolic syndrome,
he overall proportion with the syndrome increased to 30.2%
ith prevalence of 33.6% for men and 26.6% for women. In

ddition, the proportion with an abnormal waist circumfer-
nce rose markedly and the proportion with each of the other
bnormalities fell (Fig. 2).

. Discussion

This survey shows that a substantial proportion of the
ural population of the East and West Godavari regions of
posity and metabolic abnormalities amongst 4535 Indians from a
10.1016/j.atherosclerosis.2007.02.027

osity and the metabolic syndrome. If suggested lower Asian
ut points for metabolic and weight abnormalities are used,
he 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
waist = 102/88 cm

Asian definition
waist = 90/80 cm

Usual definition
BMI ≥ 25 kg/m2

Asian definition
BMI ≥ 23 kg/m2

Usual definition
BMI ≥ 30 kg/m2

Asian definition
BMI ≥ 27.5 kg/m2

Usual definition
waist 102/88 cm

Asian definition
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 26.0 0.7 22.3 0.7 36.8 0.8 4.2 0.3 10.3 0.5 24.6 1.5 30.2 1.6
30–39 3.6 0.6 17.5 1.2 18.6 1.3 33.2 1.6 2.8 0.5 7.1 0.8 9.3 2.0 12.1 2.2
40–49 10.1 1.0 31.6 1.6 26.9 1.5 42.7 1.7 5.6 0.8 12.9 1.2 28.1 3.3 38.0 3.6
50–59 8.7 0.9 33.5 1.7 26.8 1.6 42.0 1.8 4.7 0.7 12.8 1.2 32.0 3.7 36.5 3.8
60+ 10.1 1.0 27.5 1.4 19.6 1.2 32.2 1.5 4.6 0.7 10.3 1.0 38.7 3.1 44.5 3.2

Men
Men, all 3.0 0.4 19.7 1.0 18.4 1.0 32.4 1.2 2.5 0.4 7.0 0.6 28.6 2.2 33.6 2.3
30–39 1.1 0.6 11.0 1.6 14.3 1.8 28.4 2.3 1.9 0.7 3.7 1.0 12.0 3.2 14.8 3.4
40–49 4.8 1.1 24.7 2.2 22.2 2.1 37.6 2.4 3.7 1.0 10.8 1.6 35.5 5.1 43.3 5.2
50–59 3.3 0.8 29.5 2.4 24.8 2.3 38.7 2.6 2.1 0.7 10.1 1.6 31.7 5.1 36.3 5.3
60+ 3.7 0.7 20.0 1.7 15.6 1.5 27.4 1.9 2.4 0.6 5.3 0.9 44.1 4.4 49.6 4.4

Women
Women, all 12.2 0.8 32.4 1.1 26.3 1.0 41.4 1.2 6.0 0.5 13.6 0.8 20.4 1.9 26.6 2.1
30–39 6.1 1.1 23.9 1.9 22.8 1.9 37.9 2.1 3.6 0.7 10.5 1.4 6.5 2.4 9.4 2.8
40–49 16.2 1.8 39.4 2.3 32.4 2.2 48.5 2.4 7.7 1.3 15.4 1.7 19.6 4.0 32.0 4.9
50–59 14.2 1.7 37.7 2.5 28.8 2.3 45.5 2.6 7.4 1.3 15.5 1.8 32.3 5.3 36.8 5.4
60+ 16.0 1.7 34.6 2.2 23.4 1.9 36.7 2.2 6.7 1.2 15.0 1.7 33.8 4.3 39.8 4.5

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).

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027
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ested by the usual definitions. In conjunction with the effects
f a previously reported high prevalence of diabetes [15],
hese abnormalities are likely to be an important driver of the
igh rates of cardiovascular mortality previously reported for
his population [14]. While the findings for this region may
ot necessarily be indicative of the situation for rural India
s a whole, they do provide an important early warning of
he direction that metabolic risk factors and cardiovascular
isease are likely to take as rural regions of India develop.
ver the coming decades economic and social transforma-

ion in India will continue apace and many rural areas are
ikely to develop comparable levels of risk factors to those
bserved here. Corresponding substantial increases in cardio-
ascular diseases will likely ensue, with major implications
or population health and rural health service provision.

There is rather little other information about population
evels of lipids, adiposity and metabolic syndrome in rural
ndia. Only six prior studies provide data about lipids from
epresentative samples of a rural population and all are from
he North [23–28]. Just two of these studies, one from Punjab
23] and the other from Uttar Pradesh [25] included a large
ample size although the validity and practicality of com-
arisons between those data and ours is somewhat limited
y differences in the methodologies used and the summary
easures reported. In rural Punjab the proportion of adults

ged 30 years and over with abnormal total cholesterol lev-
ls was similar to that observed here although the proportion
eported overweight was somewhat lower. In Uttar Pradesh
ean total and LDL-cholesterol levels were lower, mean
DL cholesterol levels were higher and triglyceride lev-

ls were comparable to those observed in Andhra Pradesh
lthough mean BMI was again somewhat lower.

Compounding the paucity of cross-sectional data describ-
ng levels of lipids, adiposity and metabolic syndrome in
ural India is an almost complete absence of data about the
emporal changes that are occurring in cardiovascular risk
actors in these regions. Some data suggest that hyperten-
ion and diabetes may be increasing in prevalence [29,30]
ut information about other risk factors is unavailable. Even
he direction of trends in the prevalence of cardiovascular
isease remains somewhat uncertain. While epidemiologi-
al models project large increases in cardiovascular disease
n rural areas, a recent review of the literature identified no
pward trend in the prevalence of coronary heart disease,
lthough the project was significantly limited by the small
uantity and limited comparability of the data available [31].

Information about cardiovascular disease in urban cen-
res in India is more comprehensive and recent reports show
enerally worse levels of lipids, adiposity, and metabolic syn-
rome than in rural regions. For example, in the Jaipur Heart
atch 3 survey, adults 20 years and over selected from the

unjabi Bhatia community had a raised total cholesterol in
Please cite this article in press as: Chow CK, et al., Significant lipid, adi
developing region of rural Andhra Pradesh, Atherosclerosis (2007), doi:

bout one third, overweight in almost two thirds and NCEP-
TP III defined metabolic syndrome in more than 40% [32].

n the preceding Jaipur Heart Watch 2 survey done some 2
ears earlier the corresponding levels of those metabolic risk

o

d
m

 PRESS
sis xxx (2007) xxx–xxx

actors recorded were also higher than those reported by the
ew studies from rural areas but not as elevated as the levels
een in the most recent survey [5]. Very high levels of total
holesterol have also been reported from an urban population
n Thiruvananthapuram in the South [33] although choles-
erol levels in the Chennai Urban Population Study were not
ifferent from those observed in this study of rural Andhra
radesh [34].

The prevalence of metabolic syndrome observed in rural
ndhra Pradesh was high and above that recently reported by

tudies of representative samples of the Hong Kong and Tai-
anese populations and only slightly less than that reported

or urban and rural Thailand combined [35]. The proportion
f those with the metabolic syndrome with abnormal fasting
lucose levels was particularly high in rural Andhra Pradesh,
finding that is consistent with observations of dispropor-

ionately high rates of glucose intolerance and diabetes in a
umber of South Indian populations [4,36–38]. The rates of
etabolic syndrome observed here are, however, low in com-

arison to the very high prevalence reported for some urban
arts of India. In urban Chennai, for example more than 40%
f adults aged 20–75 years met the criteria for metabolic syn-
rome [3], a prevalence beyond that reported for the United
tates [35,39] and comparable to the very high rates observed
mongst Aboriginal communities in Canada [40].

Substantial variation in what constitutes the metabolic
yndrome in different populations has been noted previ-
usly [35], raising uncertainty about the validity of current
efinitions of adiposity and metabolic syndrome for Asian
opulations [41]. Proposed new cut points for abnormality
f BMI [16] and waist [17] have been suggested for Asian
opulations and their application significantly increases the
revalence of measures of adiposity if applied to this popu-
ation from rural Andhra Pradesh. Incorporating the ‘Asian’
aist cut off into the definition of metabolic syndrome both

ncreases the prevalence by about one-third and shifts the
attern of abnormalities somewhat towards that of other
ountries [35]—the proportion with an abnormal waist mea-
urement increases and the proportions with each of the other
bnormalities all slightly decrease.

The large sample size of this study ensured that the overall
stimates of risk factor levels were fairly precise. Likewise
he careful sampling procedure, good response rates, largely
omplete data and sophisticated statistical weighting process
hould have minimized systematic errors. While even the low
ates of non-participation observed here may have introduced
iases, it is unlikely that any bias would be so large in magni-
ude as to alter the main conclusions of this survey. Some
eassurance about the reliability of the project findings is
lso provided by their broad comparability to other studies
one in urban and rural India [23,25] and the known effects
f rapid socioeconomic development on risk factor levels in
posity and metabolic abnormalities amongst 4535 Indians from a
10.1016/j.atherosclerosis.2007.02.027

ther communities [42].
In conclusion, two main points arise form these data. First,

yslipidaemia, adiposity and metabolic syndrome are com-
on in this rural Indian population and are more common

dx.doi.org/10.1016/j.atherosclerosis.2007.02.027
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f proposed lower Asian cut offs are used. The levels of risk
actors observed here suggest that rural areas of India will
ollow the trends seen in urban India and the West, with very
ignificant implications for rural health. The second main
oint is that the pattern of abnormalities observed amongst
hose meeting criteria for the metabolic syndrome was once
gain different to that reported in other populations [35]. The
eterogeneity of metabolic abnormalities observed between
opulations with metabolic syndrome in different countries
rovides further support for the argument that metabolic syn-
rome is a definitional clustering of risk factors rather than
specific disease entity. For most countries, but particularly
eveloping countries with limited health care resources, it
s not clear that routine assessment of metabolic syndrome
ill add much to other absolute risk-based approaches to the

reatment and prevention of cardiovascular disease.
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