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IntroductIon

The prevalence of metabolic syndrome (MetS) in Asian Indians 
varies according to the region, the extent of urbanization, 
lifestyle patterns, and socioeconomic/cultural factors.[1‑3] Recent 
data also show that about one‑third of the urban population 
in large cities in India have MetS.[4,5] Central obesity remains 
one of the major constituents of such definition of MetS. 
Although International Diabetes Federation (IDF) guideline[6] 
has regarded it as the defining criteria, subsequent consensus by 
IDF along with American Heart Association and National Heart 
Lung and Blood Institute (AHA and NHLBI) has recommended 
to include central obesity as just one of the criteria and 
also recommended to incorporate ethnicity‑specific waist 
circumference (separately for males and females). As such, 
the waist circumference cutoff for Asian‑Indian population 
is ≥90 cm for males and ≥80 cm for females.[7,8] Thus, any 
three of the following lead to a diagnosis of MetS:[9] (i) elevated 

waist circumference (population‑ and country‑specific 
definitions), (ii) triglycerides ≥150 mg/dL, (iii) high‑density 
lipoprotein (HDL) cholesterol <40 mg/dL in men and <50 mg/dL 
in women, (iv) BP ≥130/85 mmHg or greater and (v) fasting 
blood glucose ≥100 mg/dL.

Obesity is now considered as a major risk factors for many 
of the metabolic disorders. Increased prevalence of obesity 
is mostly seen in urbanized area throughout the globe and is 
primarily related to the combined effect of affluence‑related 
increased intake of high‑calorie foods, lack of exercise, 
increased intake of alcohol, psychological stress including 
depression and so on. Furthermore, this is the most important 
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constituent of MetS; it is primarily related to environmental 
factors rather than to genetic factors. Again, the population in 
the underprivileged area is also not commonly obese because 
of poor socioeconomic status. They also do significant exercise 
through their daily activities. In this study, we wanted to 
examine the prevalence of MetS in rural West Bengal and 
whether it is different between tribal population and nontribal 
population? The primary objective of this study was also to 
examine that if the major environmental factor is excluded and 
the same definition of MetS applied (three out of four criteria) 
what will be the prevalence of MetS and will it be lower in the 
nontribal population?

MaterIals and Methods

A population‑based observational study was undertaken to 
compare the metabolic health (anthropologic and biochemical) 
between scheduled tribe (ST) population (Article 366 (25) and 
Article 342 of Constitution of India) and non‑ST population in 
underdeveloped rural areas in the District of Birbhum, West 
Bengal, India. The results presented herein are part of the data 
collected in the aforementioned study.

Clearance from the Institutional Ethics Committee of Institute 
of Post Graduate Medical Education and Research, Kolkata 20, 
was obtained. The study was sponsored by the Department of 
Science and Technology of Government of West Bengal, India, 
after stringent scrutiny of the proposal by a panel of scientists 
adopted by the department.

We selected areas with high concentration of ST population 
around Santiniketan and Sriniketan areas affiliated to 
Rural Extension Centre, PSV Visva‑Bharati, and continued 
consecutive sampling till 205 samples were collected from ST 
population although about 200 samples were targeted initially.

A sample of 200 consecutive population from the same or 
neighborhood areas not belonging to ST population was also 
selected. Thus, 405 individuals including all ethnicity/caste 
were included in the study to make an appropriate representation 
of rural West Bengal. The sample size was chosen on the basis 
of available resources.

Awareness among the selected area was done by doing 
sensitization camp at every 2–3 months. This was done with 
the help of Rural Extension Centre, Viswa‑Bharati. Several 
camps were held in early morning within 2 weeks of each 
sensitization camp. The persons were explained about the 
study. Individuals were included in the study only if they 
agreed to give informed written consent and did not have 
any definite documented chronic infective or inflammatory 
illness.

Anthropometric data including height, weight, waist 
circumference, and hip circumference were measured 
by trained personnel obeying the standard procedure of 
measurement as described below. Blood pressure was 
measured using standard methods in “right arm sitting posture” 
by an aneroid manometer, and body mass index (BMI) was 

calculated. History of addiction, including tobacco and alcohol, 
was documented.

Height (to ± 0.1 cm) was measured in all included patients at 
baseline using a wall‑mounted stadiometer. The participant 
stands straight, with feet placed together and flat on the ground, 
heels, buttocks, and scapulae against the vertical backboard, 
and arms loose and relaxed with the palms facing medially. His 
head would be carefully positioned in the Frankfurt plane, with 
the lower margins of the orbit in the same horizontal plane as 
the upper margin of the external auditory meatus.

Body weight (to ± 0.1 kg) was measured using an electronic 
calibrated scale (BMI was calculated as weight in kilograms 
divided by the square of height in meters (kg/m2). Waist 
circumference and hip circumference were measured in all 
patients and waist–hip ratio (WHR) calculated as a measure 
of truncal obesity. Waist circumference was measured at the 
end of a gentle expiration midway between the lower rib 
margin and iliac crest, with the patient standing with feet 
23–30 cm apart. Hip circumference was measured at the level 
of maximum extension of the buttocks, at the same level all 
around the body with feet together.

Blood samples were collected for biochemical tests in 
fasting state in camps to which individuals came in the early 
morning hours. Samples drawn were allowed to clot and 
serum was separated by centrifuging on site and samples 
were immediately sent for biochemical examination at a 
NABL accredited laboratory of West Bengal (appropriately 
transported on dry ice). About 10 ml of blood was collected for 
obtaining serum levels of fasting blood sugar (FBS), glycated 
hemoglobin (HbA1c), fasting serum insulin, creatinine, lipid 
profile, uric acid, alanine transaminase (ALT), aspartate 
transaminase (AST), and alkaline phosphatase. The samples 
were analyzed using standard laboratory procedure. Capillary 
blood sugar was also checked by a standard glucometer.

Diabetes was defined as per the standard diagnostic criteria 
satisfying either FBS or HbA1c. The presence of MetS was 
ascertained using the consensus criteria by IDF criteria along 
with AHA and NHLBI.

All analyses were conducted using SAS 9.4 (SAS Institute). 
Continuous data are presented as the mean ± standard 
deviation (SD) (if normally distributed) or median (interquartile 
range) (if skewed), and categorical variables are presented as 
proportions.

results

Four hundred and five individuals were included in the study, 
of whom 205 persons (50.62%) were from ST population in 
extremely rural areas and 200 persons (49.38%) were from 
the nontribal population from rural/semiurban areas. Of 
those 405 persons, 232 were females (57.28%) and 173 were 
males (42.72%) (range was 18–68 years). The mean (±SD) 
age was 38.53 years ± 11.74 years.
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Table 1 shows the comparison of different anthropological 
and biochemical parameters which were distributed normally. 
Of note, BMI, waist circumference, and WHR were found to 
be significantly lower in the ST population. Both the systolic 
and diastolic blood pressures were significantly lower in the 
ST population [Table 1]. Glycemic parameters such as fasting 
venous plasma glucose, capillary blood glucose, and HbA1c 
were also significantly lower in STs. LDL and triglyceride 
levels were significantly lower in STs, but HDL was not 
significantly different between the groups.

Table 2 shows the comparison of different biochemical 
parameters which were not distributed normally. Liver 
enzymes (ALT and AST) levels were significantly higher in 
the tribal population. However, serum insulin, triglyceride, and 
ALP levels were significantly lower in the tribal population.

Overall, the prevalence of MetS as per IDF criterion was 
21.48%. However, 35% of the nontribes qualified for MetS 
as per IDF criterion as compared to only 8.3% of the tribal 
cohort, P < 0.0001 [Table 3]. Going by NCEP ATP III, the 
overall prevalence of MetS was 31.1%, with 44.5% of the 
nontribes qualifying for MetS compared to only 18.1% of 
the tribal cohort, P < 0.0001 [Table 4]. The prevalence of 
normal waist/lean MetS in general was 12.8% and it was 
14.6% of the nontribes compared to only 11.6% of the tribal 
cohort (p = NS) [Table 5]. This was analyzed after excluding 
those with a waist circumference more than or equal to 
90 cm in males and more than or equal to 80 cm for females. 
After subgroup analysis of both the genders, there was no 
statistical difference in lean MetS between nontribal and tribal 
cohort (16.4% in nontribal males vs. 6.9% in tribal males, 
P = 0.08; 12.9% of the nontribal females vs. 14.9% of the 
tribal females, P = 0.729, NS).

dIscussIon

Although MetS is defined in many different ways by 
different international bodies, the component criteria are 
similar. The primary objective for bringing these abnormal 
anthropologic and biochemical parameters under the umbrella 
of a single syndrome is primarily two‑fold. First, people with 
this syndrome are strongly predisposed to type 2 diabetes 
(if they have not yet developed diabetes) and coronary artery 
disease (CAD), and second, they all are believed to stem 
from a same or similar genetic aberration related to insulin 
resistance.

IDF makes central obesity as increased waist circumference 
mandatory for such definition with recommendation for 
region‑specific waist circumference cutoff, which is more than 
or equal to 90 cm for Asian males and more than or equal to 
80 cm for Asian females. However, NCEP ATP III guidelines 
recommend defining the syndrome in a simpler way, with any 
three or more from the criteria mentioned above. Although 
IDF recommendation should be more applicable in countries 
such as India (NCEP ATP III guidelines appear to be more 
applicable for US population), there are several caveats for 

such assumption. In India, significant proportions of persons 
with diabetes are lean. At the same time, lean nonalcoholic 
fatty liver[10] (NAFL) is now a recognized entity, especially in 
rural areas and NAFL is a known risk factor for diabetes and its 

Table 1: Baseline data (normally distributed)

Variables Mean±SD P

Nontribes 
(n=205)

Tribes 
(n=200)

Age (years) 44.37±10.82 38.55±11.94 <0.0001
FBS (mg/dL) 103.99±37.57 84.62±21.23 <0.0001
Systolic BP (mmHg) 127.25±14.49 122.79±12.44 0.0011
Diastolic BP (mmHg) 81.32±6.69 78.97±7.19 0.0008
Height (cm) 156.58±9.74 153.83±7.72 0.23
Weight (kg) 58.35±12.47 49.49±9.40 <0.0001
Waist (cm) 81.51±12.63 71.61±10.12 <0.0001
Hip (cm) 89.60±8.90 84.21±7.21 <0.0001
BMI (kg/m2) 23.79±5.01 20.87±3.46 <0.0001
WHR 0.91±0.12 0.85±0.07 <0.0001
FPG (mg/dL) 119.38±44.76 101.62±23.84 <0.0001
HbA1c (%) 5.96±1.43 5.46±0.72 <0.0001
Cholesterol (mg/dL) 186.15±40.39 160.78±36.40 <0.0001
HDL (mg/dL) 46.01±10.92 47.41±15.04 0.28
LDL (mg/dL) 114.92±32.04 93.01±28.66 <0.0001
Creatinine (mg/dL) 0.89±0.19 1.14±3.54 0.31
Uric acid (mg/dL) 4.47±1.39 4.06±1.29 0.002
P<0.05 considered as statistically significant. FBS: Fasting blood 
sugar, BP: Blood pressure, BMI: Body mass index, WHR: Waist–hip 
ratio, FPG: Fasting plasma glucose, HbA1c: Glycated hemoglobin, 
HDL: High‑density lipoprotein, LDL: Low‑density lipoprotein, 
SD: Standard deviation

Table 2: Baseline data (not normally distributed)

Variables Nontribes (n=205) Tribes (n=200) P

Median IQR Median IQR
ALT 44 34‑57 39 31‑51 0.009
AST 27 22‑34 32 26‑41.5 <0.0001
TG 123 96‑166 90 70.5‑124.5 <0.0001
ALP 105 87‑124 95 82‑118 0.009
Serum 
insulin

10.9 6.83‑14.73 5.3 3.62‑9.14 <0.0001

P<0.05 considered as statistically significant, P computed by Wilcoxon–
Mann–Whitney test. ALT: Alanine aminotransferase, AST: Aspartate 
aminotransferase, ALP: Alkaline phosphatase, TG: Triglyceride, IQR: 
Interquartile range

Table 3: Prevalence of metabolic syndrome (as per 
International Diabetic Federation criterion)

Caste MetS (%) Total P

No Yes
Nontribes 130 (65) 70 (35) 200 <0.0001
Tribe 188 (91.7) 17 (8.3) 205
Total 318 87 (21.48) 405
P<0.05 considered as statistically significant, P computed by Chi‑square 
test. MetS: Metabolic syndrome
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complication.[11,12] Thus, if a lean person with the presence of 
all criteria for MetS will be having a high risk for developing 
diabetes or CAD, yet will not be categorized as MetS by IDF 
criteria, thereby demeaning the importance of MetS as a risk 
factor. This problem is overcome by NCEP ATP III criteria. 
However individually, all criteria have been proved to be an 
independent risk factor for diabetes or CAD.

In the present study, the overall waist circumference was 
76.53 ± 12.45 cm. There was a significant difference between 
nontribal population (81.51 ± 12.63 cm) and in tribal 
population (71.61 ± 10.12 cm) (P < 0.0001). Sex‑specific 
waist circumference for the nontribal population was 
86.38 ± 11.13 cm for males and 77.52 ± 11.60 cm for females. 
The same for the tribal population was 74.51 ± 12.11 cm for 
males and 69.71 ± 9.98 cm for females.

The overall WHR was 0.87 ± 0.10. There was significant 
difference between nontribal population (0.91 ± 0.12) and tribal 
population (0.85 ± 0.07) (P < 0.0001). Sex‑specific WHR for 
nontribal population was 0.93 ± 0.16 for males and 0.88 ± 0.13 
for females. The same for tribal population was 0.86 ± 0.09 cm 
for males and 0.83 ± 0.08 cm for females.

The overall weight was 53.79 ± 11.81 kg. Statistically 
significant difference was found between nontribal 
population (58.35 ± 12.47 kg) and tribal population 
(49.49 ± 9.40 kg) (P < 0.0001). Overall, BMI in the population 
was 22.32 ± 4.53 kg/m2. Here also, significant difference was 
found between nontribal population (23.79 ± 5.01 kg/m2) and 
tribal population (20.87 ± 3.46 kg/m2) (P < 0.0001).

Very little data on the prevalence of MetS in India are available. 
A recent survey in Central India observed an overall MetS 
prevalence as per ATP III criteria to be 5.0% in the adult rural 
population.[13] The prevalence of MetS in the semiurban area was 

found to be at an intermediate level between the rural and the 
urban prevalence levels. A recent population survey conducted 
in a semiurban area in South India showed that the prevalence 
of MetS is 29.7% (26.5% in men and 31.2% in women).[14] A 
recent community‑based study from eastern India has measured 
a prevalence of MetS of 31.4%, with females having a much 
higher prevalence (48.2%) than males (16.3%).[15]

In this study, applying IDF criteria, we found MetS in the rural 
area to 21.48%. However, applying NCEP ATP III criteria, the 
prevalence is found to be higher, amounting to 31.1%. This 
is quite significant in view of preventing noncommunicable 
diseases such as diabetes and CAD.

Although it was reported earlier that Asian Indians have an 
excess cardiovascular risk at BMI and waist values considered 
“normal,”[16] there is no data to suggest lean MetS from any 
parts in India. Hence, we calculated the prevalence of lean 
MetS from this population after excluding those exceeding the 
sex‑specific cutoff for waist circumference and then applying 
NCEP ATP III criteria. The prevalence of normal waist/lean 
MetS was 12.8%, and there was no significant difference 
between nontribal versus tribal cohort (14.6% of the nontribes 
vs. 11.6% of the tribal cohort, P = 0.436 [Table 5]). Thus, 
though the lean MetS appears to have relatively low prevalence 
compared to the standard definition, a significant proportion 
of lean MetS exists in rural India. This also stresses the fact 
that NCEP ATP III definition should be more appropriate for 
our country. Furthermore, the recognition of the presence of 
a large number of patients with lean MetS may have a huge 
impact in the society, suggesting factors other than nutritional 
affluence may also have an impact in the etiology of MetS.
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