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Asians have an unusual high tendency to develop metabolic syndrome (MS) and CHD because of number of factors like 
fat cell size, body composition, genetics And many more. The present study was done to assess the association of physical 
activity and metabolic syndrome in an Indian urban middle aged population. A hospital based study was conducted with 
1500 subjects. Anthropometrics and lipid profile were assessed. Physical activity level (PAL) was estimated by a standardized 
Physical Activity Questionnaire. By NCEP (ATP III) criteria, 750 subjects (44.9% of males and 55.1% of females) were 
categorised as having MS and 750 were non-metabolic syndrome (NMS) subjects. Almost all MS females (89.3%) and males 
(85.7%) had low HDL levels; abdominal obesity was the major characteristic in a large majority of MS females (82.5%). 
Majority of MS males (65.57%) and females (70.92%) had low PAL values indicative of a sedentary lifestyle. Odds ratio 
indicated that lack of physical activity increases the risk of metabolic syndrome by 3.34 times. The study showed that 
reduced HDL, high BP and elevated waist circumference were the major cause of MS. Physical inactivity was associated with 
the occurrence of metabolic syndrome. 

KEYWORDS Metabolic syndrome, physical activity, phenotypic markers, HDL.  

INTRODUCTION 
The prevalence of the metabolic syndrome has dramatically in-
creased over the last few decades and has become a major 
health challenge worldwide, increasing the risk of cardiovas-
cular disease (CVD), Type 2 diabetes (T2D), nonalcoholic liver 
disease, renal disease, and some forms of cancer in adults 
(Steele RM etal, 2008). The coexistence of obesity, glucose 
intolerance, dyslipidemia& hypertension is termed as insulin 
resistance syndrome (IRS) or Metabolic syndrome. The clinical 
picture of IRS, however, may be dominated by one of its com-
ponents.  Further, metabolic abnormalities may occur at any 
given time in an individual (Mishra etal, 2004). It was initially 
proposed that resistance to insulin mediated glucose disposal 
is a pathophysiological interface for several metabolic altera-
tions and disease.  Interestingly, 13 years after its initial de-
scription, its scope and dimensions continue to evolve.

Asians have an unusual high tendency to develop type 2 dia-
betes mellitus and coronary heart disease. These diseases are 
escalating due to marked shift in life style in Asian countries 
caused by economic growth, affluence, urbanization and di-
etary westernization (Mishra et al, 2004; Mishra et al, 2007). 
ATP III considered the “obesity epidemic” as mainly responsi-
ble for the rising prevalence of metabolic syndrome. Obesity 
contributes to hypertension, high serum cholesterol, low HDL 
cholesterol, and hyperglycemia, and it otherwise associates 
with higher CVD risk.  Regular physical activity reduces the risk 
of obesity, blood lipid abnormalities, hypertension and non 
insulin dependent diabetes mellitus and has been shown to 
reduce substantially the risk of coronary heart disease (Doro 
et al, 2006; Frank et al, 2004). Conversely, a measure of sed-
entary lifestyle or physical inactivity has been associated with a 
1.5 – 2.5 fold elevation in cardiovascular disease risk. 

As a result of economic changes and increase mechanization, 
the prevalence of physical inactivity is increasing in India, par-
ticularly in urban areas, to levels compared with west (Ranjith 
et al, 2008; Rastogi et al, 2004).  There are some data that 
suggest that Indians have genetically determined increased 
risk of coronary artery disease (Murray et al, 1997). Physical 
inactivity would tend to enhance that risk. In order to under-

stand the epidemiology of these chronic diseases, and plan ef-
fective interventions, it is necessary to assess physical activity 
pattern effectively. The present study was, therefore, planned 
to determine the association between physical activity and 
metabolic syndrome as research to this effect is not vast in the 
Indian context.   

MATERIAL AND METHODS 
A hospital based study was conducted with 1500 subjects. 
The subjects comprised of middle aged men and women vis-
iting the OPDs of 7Delhi hospitals for medical problems relat-
ed to the components of metabolic syndrome and/or for pre-
ventive health checkups. According to third report of National 
Cholesterol Education Program (NCEP (ATPIII) 2005), metabolic 
syndrome is defined as having three or more of the follow-
ing abnormalities: Elevated waist circumference >40 inches for 
men, >35 inches for women; Elevated triglycerides >150mg/
dl; Reduced HDL Cholesterol <40 mg/dl in men, <50mg/dl in 
women; Elevated fasting glucose >100 mg/dl; Elevated blood 
pressure >130/85 mmHg. NCEP (ATP III) criteria was used to 
select freshly diagnosed cases of metabolic syndrome. Anthro-
pometric measurements were taken using standardized tech-
niques and the subjects were examined for blood pressure. 
Data regarding biochemical parameters viz blood glucose and 
lipid profile was obtained from the hospital authorities. A sta-
tistical calculation of probabilistic sample size of individuals 
with MS, aged 35 to 55 years (n = 750) at the 95% confi-
dence interval with a 5% margin of error was done. An equal 
number of non metabolic syndrome (NMS) subjects matched 
for age and gender were selected.  Quantitative as well as 
qualitative data related to diet and lifestyle was collected from 
the subjects. Physical activity assessment was done by a suita-
ble structured questionnaire developed by Bharathi, Sandhya 
and Vas (2000)1 for the assessment of physical activity pat-
tern in urban middle aged Indians. The dietary assessment 
was done by using 24 hour recall method and food frequency 
questionnaire. The data was statistically analyzed. The project 
was approved by the ethics committee of Delhi University, In-
dia and all participants signed an informed consent form. 

RESULTS
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By NCEP (ATPIII) criteria, 750 subjects (44.9% males and 
55.1% females) were identified with metabolic syndrome 
(MS). An equal number of age and gender matched Non Met-
abolic Syndrome (NMS) subjects were taken.  

DISTRIBUTION OF SUBJECTS FOR PREVALENCE OF MS 
CHARACTERISICS
Figure 1 gives the percentage prevalence of metabolic syn-
drome characteristics in MS subjects. Although all the charac-
teristics were seen in a fairly large number of MS subjects, the 
highest prevalence was that of low HDL levels (89.3% females 
and 85.7% males). Abdominal obesity as reflected by a large 
waist circumference was another major characteristic, espe-
cially in MS females (82.5%). The subjects taken as controls 
(NMS), (figure 2) were those who had less than three com-
ponents of MS as per NCEP (ATPIII) criteria. Even among the 
NMS subjects, a large number of both males and females had 
low HDL levels (53.41% and 64.64% respectively). Abdomi-
nal obesity was another component seen in a large number of 
NMS subjects, especially females (31.1%).

DISTRIBUTION OF SUBJECTS BY MEAN VALUES OF THE 
COMPONENTS OF METABOLIC SYNDROME  
Table 1 gives the mean values for the various components of 
metabolic syndrome for MS and NMS subjects. The results 
showed that there was a highly significant difference (p<0.00) 
between the MS and NMS subjects regarding all the charac-
teristics of metabolic syndrome viz blood glucose, triglycerides, 
BP, HDL and waist circumference.   

DISTRIBUTION OF SUBJECTS BY PHYENOTYPIC MARKERS 
OF MS
Simple yet reliable phenotypic markers like buffalo hump, 
double chin, skin tag and xanthalsma are needed for early de-
tection of MS (Misra et al, 2008).  Assessment of phenotypic 
markers showed that more than 50% of MS subjects had buf-
falo hump and double chin (Figure 3). 

DISTRIBUTION OF SUBJECTS AS PER GLOBAL GUIDELINES 
FOR PHYSICAL ACTIVITY
The Global Recommendations on Physical Activity for Health 
aim to provide guidance on the dose-response relationship be-
tween physical activity and health benefits (i.e. the frequency, 
duration, intensity, type and total amount of physical activity 
needed for health enhancement and prevention of NCDs.

In accordance with the guidelines, in figure 4, the physical ac-
tivity of the subjects was calculated (as a combination of mod-
erate and vigorous intensity activities) based on type of phys-
ical activity, duration and pace of physical activity reported by 
them. The subjects were hence categorized as having 

•	   Performing less than 150 minutes/week of moderate in-
tensity activity or 75 minutes/week of vigorous intensity 
activity

•	  Performing more than 150 minutes/week of moderate 
intensity or 75 minutes/week of vigorous intensity phys-
ical activity.  

 
The findings revealed that a fairly large number of MS sub-
jects (20.8% males and 30.1% females) were doing less than 
150 minutes moderate/75 minutes vigorous intensity physical 
activity per week. The relative number of NMS subjects in this 
category was lesser. On the other hand, more of NMS subjects 
(both males 84.7% and females 82.1%) were doing physical 
activity more than 150 minutes of moderate/75 minutes vig-
orous intensity activity per week.  The differences were statisti-
cally significant as per chi-square. 

DISTRIBUTION OF SUBJECTS BY PHYSICAL ACTIVITY LEVEL 
Physical Activity Level (PAL) of the subjects was determined 
on the basis of Basal Metabolic rate and 24 hour energy ex-
penditure, calculated as 24 hour energy expenditure divided 
by basal metabolic rate. The subjects were accordingly classi-
fied as sedentary, moderate and heavy by WHO classification 
for PAL (WHO, 2004).  Distribution of subjects by PAL values 

(Figure 5) shows that a relatively much higher number of MS 
subjects (65.57% males, 70.92% females) were sedentary as 
compared to NMS (32.35% males, 45.27% females). The dif-
ferences were statistically significant (p<0.01). The results thus 
reflect that physical activity may provide protection against 
MS.  Odds ratio indicated that lack of physical activity increas-
es the risk of metabolic syndrome by 3.35 times.  

DISTRIBUTION OF SUBJECTS BY MET/wk
US department of health and human services introduced the 
physical activity guidelines for Americans (2008) derived from 
an evidence based report on the health benefits of physical 
activity. A key finding of the Advisory Committee Report is 
that the health benefits of physical activity are assessed on the 
basis of weekly energy expenditure (MET/wk) due to aerobic 
physical activity.  Table 2 depicts the physical activity level of 
the subjects as determined by MET/wk for those who reported 
doing any kind of aerobic activity.  A higher percentage of MS 
subjects, both males and females, were found to be   ‘insuf-
ficiently active’ (<600MET/wk) as compared to NMS subjects, 
more of whom were ‘very active’ (>1500 MET/wk). The differ-
ences were statistically significant (p<0.01). 

PHYSICAL ACTIVITY OVER THE YEARS
Besides present physical activity pattern, data was also col-
lected for physical activity performed over the past previous 
years (table 3). More NMS subjects both males and females 
(47.5% and 60.3% respectively) reported that they have been 
physically active from more than past 3 years as compared to 
MS subjects (44.4% and 50.8% respectively). The difference 
was statistically significant in both males (p<0.01) and females 
(p<0.01).

While a fairly large number of the MS subjects both males and 
females (50.9% and 55.7% respectively) reported decrease in 
physical activity levels over the previous years as compared to 
NMS subjects (25.2% and 35.5% respectively). Rest of them 
reported no change in physical activity. This difference was 
statistically significant in both males (p<0.01) and females 
(P<0.05), with the help of chi-square.

DISCUSSION
The findings of the study indicate an inverse association be-
tween physical activity and metabolic syndrome and are simi-
lar to those of other studies. A research, using NHANES data, 
examined the relationship between objectively measured sed-
entary time and metabolic syndrome in a representative sam-
ple of older adults living in the U.S. 

Compared with people without metabolic syndrome, peo-
ple with metabolic syndrome spent more hours and a great-
er percentage of their wear time as sedentary (Bankoski et al, 
2011). The present study also revealed that more of MS sub-
jects were sedentary as compared to non MS subjects.  Phys-
ical activity has a protective effect on metabolic syndrome 
through improvement in plasma lipid concentration, particu-
larly through increase in HDL and decrease in triglyceride con-
centrations (Byberg et al, 2001; Leon et al, 2001; Wilmore et 
al, 2001). Some studies state that physical activity results in 
low blood pressure and improves glucose intolerance (Delavar 
et al, 2008). The findings of our study showed a high preva-
lence of low HDL, elevated triglyceride levels, high blood pres-
sure and high blood glucose levels in MS subjects. This may 
be attributed to lack of adequate physical activity as reflect-
ed by PAL values.  A study on Balinese subjects showed that 
abdominal obesity and hypertriglyceridaemia appear to be the 
key determinants of metabolic syndrome in both urban and 
rural Balinese (Safarina et al, 2011). Our findings also reflect 
elevated waist circumference as one of the contributory fac-
tors for metabolic syndrome. Buffalo hump and double chin 
as novel phenotypic markers for detection of MS were report-
ed for the first time by a cross sectional study done on both 
MS and non MS subjects (Misra et al, 2008). Our study also 
reflects similar results as buffalo hump and double chin being 
present in a large number of MS subjects. The strength of our 
study was a standardized and validated questionnaire; freshly 
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diagnosed cases of MS; a fairly large sample size and assess-
ment of physical phenotypic markers. Current findings suggest 
creating awareness among people to include at least 30 min-
utes of physical activity everyday as recommended by WHO. 
These minimal changes may result in increases in daily energy 
expenditure or could provide direct effects on metabolic regu-
lation (Hamilton et al, 2007; Levine, 2004).  

CONCLUSION 
Low HDL levels and high blood pressure are the main compo-
nents of metabolic syndrome in most people. Abdominal obe-
sity is another major component, especially making females 
prone to metabolic syndrome. Physical inactivity as indicated 
by a sedentary lifestyle is associated with the occurrence of 
metabolic syndrome.  Physical activity performed over the year 
can decrease the prevalence of metabolic syndrome.
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Figure 1: Distribution of subjects for prevalence of MS 
characteristics

 
Figure2: Percentage prevalence of metabolic syndrome 
characteristics in NMS subjects

Table 1: Mean values of the components of metabolic syn-
drome in MS and NMS subjects

Figure 3: Phenotypic markers and metabolic syndrome 
  

Figure 4 Distribution of subjects as per global guidelines 
for physical activity

Figure 5: Distribution of subjects by PAL
   

Table 2: Physical activity level by MET/wk

PHYSICAL 
ACTIVITY 
LEVEL 
(MET/wk)

MALES FEMALES

METABOLIC 
SYNDROME

NON 
METABOLIC 
SYNDROME

METABOLIC 
SYNDROME

NON MET-
ABOLIC 
SYN-
DROME

 n = 337 n = 337 N = 413 n = 413

Inactive 234(69.4) 187 (55.4) 320 (77.5) 268 (64.7)

Low active 
(<500) 23 (6.8)  24 (7.3) 27 (6.5) 29 (7.2) 

Sufficiently 
active (500 
-1000)

39 (11.5) 32 (9.5) 21 (5.1) 43 (10.4) 

Highly 
active 
(>1000)

41 (12.3) 94 (27.8) 45 (10.9) 73 (17.7)
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