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IntroductIon

The metabolic syndrome (MetS) is a global health issue, 
characterized by clustering of various interlinked risk factors 
such as abdominal obesity, hypertension, hyperglycemia, 
dyslipidemia, pro‑inflammatory state, and a prothrombotic 
state.[1] Degree and prevalence of MetS vary with ethnicity, 
genetic susceptibility, and geographic location.[2] Data on MetS 
in Indian population also show multiplicity may be either due 
to difference in the defining criteria of MetS or the ethnic 
and cultural complexity of different regions.[3] Marked shift 
in lifestyle, affluence in urbanization, and oil‑ and sugar‑rich 
dietary habits have pushed ethnic Gujarati people to the 
forefront as contributors to cardiovascular disease (CVD) 
risk factors.[4] There are no published reports available about 
prevalence of MetS in population of Saurashtra region, Gujarat. 
Hence, the study was planned to evaluate the prevalence of 
MetS and its components in adult population of Saurashtra 
and to find its association with various anthropometric and 
biochemical indicators.

methods

Study design
A cross‑sectional observational study was conducted in the field 
practice area of a Medical College of Surendranagar district 
of Saurashtra, Gujarat, after approval from the Institutional 
Ethics Committee on Human Research. A total 534 participants 
were screened through the free health checkup camps arranged 
at four different places of field practice area. All individuals 
ranging in age from 20 to 80 years were included in the study. 
Participants with self-reported pregnancy state, individuals 
using steroids, antibiotics, or needing hospitalization and 
those who refused to give written consent were excluded from 
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the study. The details of demographics, personal, and family 
history of diseases, personal habit/s, and medication use were 
collected from each individual. Four hundred and seventy-three 
participants were included in the study after obtaining signed 
informed consent.

Measurements
The body mass index (BMI), hip circumference (HC), waist 
circumference (WC), and blood pressure were measured using 
standard methods.[5-7]

Fasting venous blood samples were collected for the 
estimation of various biochemical parameters, namely, 
fasting blood glucose, total cholesterol, triglyceride, 
low-density lipoprotein-cholesterol, and high-density 
lipoprotein-cholesterol (HDL-C) using approved standard 
laboratory methods.

Definition of metabolic syndrome
MetS was defined as the presence of ≥3 of the following five 
risk factors:[8]

1. Abdominal obesity: WC ≥90 cm in men and ≥80 cm in 
women

2. Hypertriglyceridemia: Triglycerides ≥150 mg/dL or on 
treatment (Rx) to lower triglycerides

3. Low HDL-C: <40 mg/dL in men and <50 mg/dL in women 
or on Rx to increase HDL-C

4. High blood pressure: Systolic blood pressure (SBP) ≥130 
mmHg and/or diastolic blood pressure (DBP) ≥85 mmHg 
or on antihypertensives

5. High fasting blood sugar (FBS): ≥100 mg/dL or on Rx 
for hyperglycemia.

Data analysis
All statistical analysis was performed with Sigma plot 12.0 
for Windows (Systat Software, Inc., SigmaPlot). The unpaired 
t-test and analysis of variance with post hoc Tukey test were 
used for comparisons of means of normally distributed 
variables whereas nonparametric variables were analyzed using 
Mann–Whitney and Kruskal–Wallis with post hoc Dunn’s test. 
Pearson’s Chi-square test was used to compare proportions. 
The odds ratios (ORs) and their 95% confidence intervals were 
done using 2 × 2 contingency tables. The significance level 
5% was adopted for all hypothesis tests.

results

A total of 473 participants were studied. Almost 93% of the 
participants had at least one abnormal parameter, as per the 
MetS criteria used.

Out of total participants, 26.9% were <40 years of age, 
44.6% aged between 40 and 59 years of age, and 28.5% 
were >60 years of age. Among the total participants as per BMI, 
World Health Organization classification,[9] 56% females and 
45% males were found ≥25 kg/m2. Prevalence of ≥25 kg/m2 
was found high in 40–59-year age group. Almost 40% of the 
participants declared about their habit of smoking, alcohol 

consumption, and chewing tobacco. Habit of smoking and 
chewing tobacco was found more prevalent in the age group 
of 40 years and above, whereas alcohol consumption was more 
prevalent in <40 years of age. Increasing incidence of taking 
antihypertensive and hypoglycemic drugs was observed in 
both sexes with advancing age. Gender‑specific comparison 
of anthropometric and biochemical parameters showed higher 
values of FBS, WC, and waist-to-hip ratio in males and higher 
values of BMI, HC, and HDL-C in females [Table 1].

The overall prevalence of MetS was 41.01% with 44.21% 
in females and 37.91% in males. The prevalence of MetS 
was more in females, but the observed difference was not 
significant between genders. Abdominal obesity (66.38%), 
low HDL-C (64.69%), and high blood pressure (40.59%) were 
the most prevalent components, and the constellation of these 
variables has been found in almost 53% of the participants 
identified with MetS. Overall prevalence of MetS and 
components such as high blood pressure and high FBS showed 
a significant positive relation with advancing age [Figure 1].

In groups based on the number of positive MetS components, 
analysis of comparing variance among the groups showed 

Table 1: Gender specific comparison of anthropometric 
and biochemical variable

Parameter (unit) Mean±SD P

Male Female
Age (years) 50.22±14.27 48.09±14.37 0.106
BMI (kg/m2) 24.50±4.21 26.18±5.82 0.002
SBP (mmHg) 127.96±10.75 128.43±13.25 0.837
DBP (mmHg) 82.61±5.81 82.02±6.65 0.309
LDL-C (mg/dL) 117.82±32.75 118.49±33.28 0.824
HDL-C (mg/dL) 40.86±8.34 43.05±7.51 0.004
Cholesterol (mg/dL) 185±37.56 186.57±36.23 0.916
TG (mg/dL) 141.16±61.36 131.72±52.48 0.125
FBS (mg/dL) 107.42±35.97 98.94±42.88 <0.001
SD: Standard deviation, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure, LDL-C: Low-density lipoprotein-cholesterol, 
HDL-C: High-density lipoprotein-cholesterol, TG: Triglycerides, 
FBS: Fasting blood sugar, BMI: Body mass index

Figure 1: Age-specific prevalence of metabolic syndrome components. 
High FBS: High fasting blood sugar
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a progressive variation in the values of anthropometric and 
biochemical variables with increasing number of the MetS 
components. Participants presenting with two or more 
components showed higher values of age and waist-to-hip 
ratio compared to those who presented one or no component. 
Participants with MetS showed a higher level of cholesterol 
compared to participants with no MetS [Table 2].

In this study population, individuals aged 40 years or more 
were 3.26 times more likely to have MetS as compared to 
individuals with lesser age. Individuals with ≥25 kg/m2 of 
BMI and ≥200 mg/dl of cholesterol had 4.6 and 1.68 times 
more risk to have MetS than the individuals with lesser BMI 
and cholesterol, respectively. The risk of MetS was increased 
by 1.67 times in individuals having habit of chewing tobacco. 
Individuals on oral hypoglycemic and/or insulin had 5.32 times 
and individuals on antihypertensive drugs had 2.46 times more 
risk to have MetS [Table 3].

dIscussIon

South Asia is home to one of the largest population of people 
with MetS. The prevalence of MetS in South Asians varies 
according to region, extent of urbanization, lifestyle patterns, 
and cultural/socioeconomic factors.[10] This study showed an 
overall MetS prevalence of 41.01% with abdominal obesity, 
low HDL-C, and high blood pressure as the most prevalent 
components. MetS was found higher in females and showed 
significant rise with age. Similar MetS prevalence (41.1%) 
findings were reported by the study conducted in urban Asian 
Indian adults in 2003.[11] Little higher prevalence of MetS was 
reported by the studies conducted in population of Eastern 
India (43.2%)[12] and in a higher socioeconomic population 
of Ahmedabad, Gujarat (42.6%).[13] On the contrary, lower 
prevalence of MetS was observed by the studies conducted 
in Chennai, India (25.8%),[14] Sri Lanka (27.1%),[15] and 
Nepal (22.5%).[16] Such variation in MetS prevalence might 
be either due to difference in nutritional habits or regional 

cultural/socioeconomic difference in studied population. 
However, all these studies have identified the incidence of 
female preponderance and increased prevalence of MetS with 
advancing age. These studies also identified dyslipidemia, 
abdominal obesity, and high blood pressure, as most prevalent 
MetS components. The common observations of these 
Asian studies including current study are in agreement with 
Asians predisposition for MetS and subsequent risk for the 
development of CVD and type 2 diabetic mellitus (T2DM). 
This might be due to fact that among Asian Indians, the 
promoter polymorphisms − 482T and 455C of APOC3 gene 
are shown to be associated with the MetS.[17] However, further 
explanations are needed to develop cause-effect relationship 
through cohort and genetic studies.

In the present study, values of BMI, SBP, DBP, WC, HC, 
triglycerides, and FBS were increased, and HDL-C value 
was decreased with increased number of MetS components. 
Simultaneous rise in the value of variables with increasing 
number of MetS components present might be due to these 
variables influencing each other. Participants presented with 
two or more components showed higher values of age and 
waist-to-hip ratio compared to those who have one or no 
component. These observations might be an indication of 
the unsatisfactory health profile even in those who were not 
identified as MetS [Table 2]. Apart from that, the presence of 
two MetS components could be an evidence of impending 
elevated values of anthropometric indicators of obesity and 
atherogenic dyslipidemia leading to full‑fledged MetS with 
advancing age. Hence, appropriate preventive measures 
should be taken to restrict further progression of syndrome 
and T2DM/CVD risk with advancing age.

For each component of the MetS and associated factors, there 
is a complex interaction between aging and obesity.[18] The 
risk of metabolic and CVDs increases with age. This study 
confirms the advancement of age and BMI as strong risk factors 
associated with MetS; with an OR of 3.26 and 4.6 for age and 

Table 2: Comparison of variables as per number of positive components leading to metabolic syndrome

Variables (unit) Mean±SD/median (interquartile range) P

0-1 components 2 components ≥3 components
Age (years) 41 (31-55)a 49.5 (37.25-60)b 52.5 (44-60)b <0.001
BMI (kg/m2) 21.16 (18.83-24.52)a 25.08 (21.48-27.89)b 27.26 (24.73-30.33)c <0.001
SBP (mmHg)‡ 119.32±8.27a 127.24±10.97b 134.59±11.07c <0.001
DBP (mmHg) 78 (76-82)a 82 (78-84)b 84 (80-90)c <0.001
Waist (cm) 83 (72-98.50)a 92 (83-99)b 98 (93-105)c <0.001
Hip (cm) 92 (85-98)a 100 (94-105.75)b 104 (99-113)c <0.001
Waist/hip ratio 0.887 (0.820-0.936)a 0.916 (0.851-0.972)b 0.932 (0.878-0.980)b <0.001
LDL (mg/dL)‡ 113.79±30.60a 118.23±30.76a 120.85±35.90a 0.178
HDL (mg/dL) 44.8 (39.50-50.00)a 41.85 (38.02-48.75)b 38.4 (35.07-42.65)c <0.001
Cholesterol (mg/dL) 184 (157-201)a 181 (162.25-203)a,b 190 (167-212.25)b 0.019
TG (mg/dL) 107 (87-122)a 113.5 (92.25-145)b 161.5 (117.75-198.25)c <0.001
FBS (mg/dL) 89 (79-94)a 92 (82.25-99)b 106 (92-124.50)c <0.001
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, TG: Triglyceride, FBS: Fasting blood sugar, LDL: Low-density lipoprotein, HDL: High-density 
lipoprotein, SD: Standard deviation, BMI: Body mass index, ‡: Parametric variables, Comparison between columns, alphabets (a, b, c) indicate statistical 
difference between the values presented
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BMI, respectively. This association goes hand in hand with 
increasing prevalence of CVD and T2DM among the older 
population, which is evident through the increasing prevalence 
of potent risk factors such as hypertension, hyperglycemia, 
and hypertriglyceridemia with age [Figure 1]. In addition 
to these variables, the MetS is also found to be associated 
with hypercholesterolemia and history of hypertension and 
hyperglycemia, in the current study. These observations 
might be an expression of the emergent pathophysiology of 
MetS. Diabetes and hypertension share common pathways 
to interact and influence each other and may aggravate the 
process of development of MetS and subsequent morbidity.[2] 
A study reported by E S Ford in 2005 showed 12%–17% and 
30%–52% relative risk of CVD and diabetes among the MetS 
patients, respectively.[19] This and our findings reiterate the 
importance and relevance of early identification of the MetS 
in impaired fasting glucose and hypertensive patients which 
could assist the physicians to assess the risk of development 
of CVD and diabetes.

Tobacco chewers had a significantly greater prevalence of 
resting tachycardia, hypertension, dyslipidemia, and diabetes 
compared to nontobacco users. Smokeless tobacco use is 
associated with increased cardiovascular risk factors such 
as MetS and diabetes.[20] the current study had shown the 
significant higher prevalence of MetS among the tobacco 
chewers compared to nontobacco chewers. Hence, tobacco 
chewing comes out as a significant risk factor in the 
development of MetS which is in agreement with published 
work of others.[21] In some studies, cigarette smoking was 
found to be associated with risk of MetS in heavy smokers 
and showed a positive dose-dependent association between 
smoking and high triglyceride levels.[22] Mild-to-moderate 
alcohol consumption has a favorable influence on serum lipids, 
WC, and fasting serum insulin.[23] While our findings about 
smoking and alcohol were not found significant in association 
with MetS, these results corroborated with the study conducted 
in Sri Lankan adults.[15]

conclusIon

This was the first study conducted in one of the underdeveloped 
regions of Gujarat, which is passing through vigorous 

industrialization and urbanization phase. Change in lifestyle 
and food habits due to this analogous to the increased 
worsening of the glucose and lipid metabolism associated 
with age. Hence, individuals identified with MetS at earlier 
of age would benefit most from lifestyle adjustment. The high 
prevalence of MetS and increasing trend of CVD risk factors 
such as BMI, blood pressure, lipid profile, and FBS values 
shows that the population of Saurashtra is at increased risk 
for CVD and diabetes. This highlights the need for extensive 
diabetes and CVD prevention and control program in the 
region.

Limitations
The main limitation of the present study is the innate 
characteristics of a cross‑sectional study; specifically, as the 
associations between MetS and variables cannot be interpreted 
as causal associations. The adopted sampling technique may 
have influenced the prevalence of MetS. Hence, the prevalence 
obtained cannot be extrapolated to the general population. Data 
procured on personal habits of smoking, chewing tobacco, and 
alcohol consumption are self-reported and maybe encounter 
a subjective bias.
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