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ABSTRACT

Background: Physical activity (PA) is associated with the metabolic 
syndrome (MetS) and its components. This study aimed to examine 
the association between PA and MetS and its components among 
normal weight and overweight/obese adolescent in Tehran Lipid 
and Glucose Study (TLGS). 
Methods: This cross‑sectional study includes 777 adolescents, 
aged 12‑18 years, who were selected by multi‑stage random cluster 
sampling from among TLGS participants. Subjects were classified 
as normal weight and overweight/obese based on the age‑ and 
sex‑specific standardized percentile curves of  BMI for Iranian 
population. Levels of  PA were assessed using a standardized and 
modifiable activity questionnaire (MAQ), and categorized into 
tertiles. MetS was defined according to the Cook’s criteria. 
Results: Prevalence of  the MetS was higher in overweight/obese 
than normal group (35% vs. 3%; P: 0.02). Normal groups were 
more physically active (50% vs. 44%); however, difference was not 
significant. There was a significant association between the light 
PA and risk of  lower level of  HDL‑C before and after adjustment, 
in normal weight group (OR: 1.61, CI 95%: 1.11, 2.35; OR: 1.65, 
CI 95%: 1.12, 2.44, respectively). The overweight/obese group 
with light and moderate PA had a higher risk of  having abdominal 
obesity than those with vigorous PA, only after adjustment for 
determined covariates (OR: 1.11, CI 95%: 1.07, 1.21; OR: 1.06, 
CI 95%: 1.01, 1.08, respectively); the association between MetS 
and PA was not significant.
Conclusions: The results of  this study confirm the association 
between PA and some individual components of  MetS such as 
waist and HDL‑C.
Keywords: Adolescent, metabolic syndrome, obesity, physical 
activity, TLGS

INTRODUCTION
Metabolic syndrome (MetS) is recognized as the clustering 

risk factors of  obesity, insulin resistance, dyslipidemia and 
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hypertension associated with the subsequent 
development of  cardiovascular disease and type 2 
diabetes.[1] In addition to adults, the number of  
children and adolescents affected by MetS is 
increasing.[2‑4] The prevalence of  MetS in children 
and adolescents is relatively low (4.2%) when 
compared with adults (34%),[5,6] but the overall 
prevalence of  MetS in moderate and severe obese 
subjects were 38.7% and 49.7%, respectively.[5] The 
prevalence of  MetS in Tehranian adolescents varied 
from 0.7% to 15.1% by different definitions,[7] 
and on a larger scale, this prevalence was 14.1% 
for Iranian adolescents defined based on criteria 
analogous to those of  the Adult Treatment 
Panel III (ATPIII).[8] Some studies reveal that there 
is an independent and inverse association between 
PA and metabolic risk factors.[9,10] But because of  
different definitions and prevalence of  MetS and 
the various methods used to determine levels of  
physical activity (PA), it is difficult to compare the 
results of  them. MetS is increasing worldwide,[11] 
and it has been shown that the prevalence of  MetS 
in overweight/obese children and adolescents 
is higher than in normal weight individuals; 
therefore, obesity is strongly associated with the 
MetS,[12,13] and the beneficial effects of  PA on 
MetS could be a result of  its influence on body 
mass index (BMI) and waist circumference (WC). 
Tehran Lipid and Glucose Study (TLGS) is a 
population‑based study, which was conducted to 
determine the prevalence of  non‑communicable 
diseases among Tehran’s urban population and to 
develop population‑ based measures to decrease the 
prevalence or prevent the rising trend of  diabetes 
mellitus and dyslipidemia. Our study aimed to 
examine the association between PA and MetS 
in addition to its individual components among 
normal weight and overweight/obese adolescents 
who participated in the TLGS.

METHODS
This cross‑sectional study conducted within the 

framework of  the TLGS, which occurs in the urban 
population of  Tehran. For TLGS, a multistage 
stratified cluster random sampling technique was 
used to select 15,005 people aged 3 years and over 
from district 13 of  Tehran (latitude 35°4’), the 
capital of  Iran. The district is located in the center of  
Tehran, and the age distribution of  its population is 

representative of  the overall population of  Tehran. 
The crude response rate was approximately 55.6%, 
and there was no significant difference between 
respondents and non‑respondents in terms of  age 
and gender distribution.[14] For the current study, 
1230 adolescents, aged 12‑18 years, were selected by 
a multistage cluster random sampling from among 
this population, but after the exclusion of  individuals 
who had thyroid diseases and diabetic mellitus or 
used drug for these diseases, 777 participants with 
complete relevant data/values for investigation 
remained. Written informed consent was obtained 
from participants and approval for the study was 
granted by the ethics committee of  the Research 
Institute for Endocrine Sciences, affiliated to the 
Shahid Beheshti University of  Medical Sciences.

TLGS subjects were interviewed privately. 
Information on age, physical activity status, 
education levels and medication usage for treatment 
diabetes, hypertension and lipid disorders was 
collected. Weight was measured without shoes and 
heavy clothes, using digital scales was recorded to 
the nearest 100 g. Standing height was measured 
without shoes, using a tape to the nearest 0.1 cm, 
while the shoulders were in a normal position. 
BMI was calculated as weight in kilograms 
divided by the square of  height in meters (kg/m2). 
WC was measured at the umbilical site using an 
outstretched tape meter and without pressure to 
body surfaces and was recorded to the nearest 
0.1 cm. Systolic and diastolic blood pressures (BP) 
were measured with a qualified physician after 
15 minutes of  rest, while the subject was in a 
seated and relaxed position, two recordings were 
made at a 10‑minute interval, measurements were 
taken in millimeters of  mercury (mm Hg) and the 
mean value of  the 2 recordings (not varying by 
more than 5 mm Hg) was calculated. Fasting blood 
samples of  5 ml were taken by a trained laboratory 
technician. The day before the test, individuals were 
instructed to fast for 12 hours and their adherence 
to this protocol was confirmed on the morning of  
the examination before drawing blood. Fasting 
blood glucose (FBG) was measured on the day 
of  blood collection by the enzymatic colorimetric 
method using glucose oxides. Triglyceride (TG) 
and total cholesterol (chol) concentrations were 
measured by commercially available enzymatic 
reagents (Pars Azmoon, Tehran, Iran). High‑density 
lipoprotein cholesterol (HDL‑C) was measured after 
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precipitation of  the apoB containing lipoprotein 
with phosphotungstic acid. The adolescents’ 
physical activity pattern was assessed by modifiable 
activity questionnaire (MAQ).[15] Individuals were 
asked to report the physical activities in which 
they had participated during the past 12 months, 
in addition specifying the frequency and duration 
for each activity identified. Each activity was 
weighted by its relative intensity, referred to 
as metabolic equivalent of  task (MET). One 
MET represents the energy expenditure for an 
individual at rest (1 MET = 3.5 mL.kg−1.min−1 of  
O

2
 consumption). For all activity levels, obtained 

MET was multiplied by the time spent at each 
level. MET‑time from each level was added to total 
24 hour MET‑ time, representing the average daily 
level of  PA. In this study we categorized the PA 
levels	as	light	(MET	<	3),	moderate	(3	≤	MET	<	6)	
and	vigorous	(MET	≥	6)	intensity.[16]

Definition of terms
For this study, subjects were classified as having 

MetS according to the Cook’s guidelines.[17] This 
definition is based on criteria analogous to that of  
the National Cholesterol Education program Expert 
Panel on Detection, Evaluation and Treatment of  High 
Blood Cholesterol in Adults Treatment Panel III;[18] 
it defines MetS as having three or more of  the 
following:	Fasting	TG	≥	110	mg/dl	(1.24	mmol/L);	
HDL‑C	 ≤	 40	 mg/dl	 (1.04	 mmol/L);	 WC	 ≥	 90th 
percentile for age and sex, according to the national 
reference curve;[19]	SBP	and/or	DBP	≥	95th percentile 
for sex, age and height from the fourth report on 
the diagnosis, Evaluation and Treatment of  High 
Blood Pressure in Children and Adolescents;[20] 
FBG	 ≥100	 mg/dl	 (5.55	 mmol/L).	 Obesity	 was	
defined based on the standardized percentile 
curves of  BMI suggested for Iranian children and 
adolescents.	Obese	individuals	were	defined	as	≥95th 
percentile of  BMI for age and sex. Overweight was 
defined	 as	 ≥85th percentile to <95th percentile for 
age and sex, while normal weight was determined 
as <85th percentile of  BMI for age and sex.[21] 
Education levels for participants’ mothers were 
categorized as: Elementary high school, diploma, 
and bachelor degree or higher.

Statistical analysis
The Kolmogorov‑Smirnov goodness‑of‑fit 

test was used to assess the normal distribution of  

continuous data. Normally distributed continuous 
variables are reported as the mean ± standard 
deviation (SD) whereas categorical variables 
were summarized as frequencies and percentage. 
Logarithmic transformation was performed to 
normalize the distribution of  FBG and TG. To 
compare the levels of  MetS components among 
normal weight and overweight/obese individuals, 
independent sample t test for variables with 
normal distribution and Mann‑Whitney U test 
for variables that was not normally distributed, 
were used. Multiple logistic regression was used to 
assess the association between PA as well as other 
covariates such as sex, age and maternal education 
with MetS. All data were analyzed using SPSS for 
windows (version 16.00). Significance was set at 
P < 0.05.

RESULTS
Participants comprised 457 boys and 320 girls 

with a mean age of  15.2 ± 1.9 years. In this 
study, 257 adolescents were overweight/obese 
(BMI	≥85th percentile) while 520 of  them had normal 
weight (BMI <85th percentile). The overweight/
obese group had significantly higher means for 
weight, WC, BMI, TG and DBP than normal 
weight group. The prevalence of  MetS was higher 
in overweight/obese groups (35%) compared with 
normal weight ones (3%). Individuals with normal 
weight were more physically active than overweight/
obese ones (50.4% vs. 44%), as shown in Table 1. 
The mean ± SD daily time spent performing vigorous 
physical	 activities	 (PA	≥	6MET	of 	 intensity)	was	
0.7 ± 0.3 h/day in the overall population; this time 
was 0.8 ± 0.4 and 0.6 ± 0.2 h/day in the normal 
weight and overweight/obese group, respectively. 
Figure 1 illustrates the components of  MetS based 
on the PA tertiles in BMI groups. In the normal 
weight group, DBP was significantly different 
between the PA tertiles (P: 0.02). Comparing the 
components of  MetS among normal weight and 
overweight/obese groups in each tertiles of  PA 
showed that the means ± SD of  these variables 
were significantly higher in the overweight/obese 
group except for HDL‑C and FBG. Table 2 displays 
the odds ratio (95% confidence interval) of  the 
association between the MetS and PA among the 
normal weight and overweight/obese group, for 
two models of  logistic regression. In normal weight 
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individuals, there was a significant association 
between the light PA and the risk of  lower levels of  
HDL‑C (OR = 1.61; CI 95% 1.11, 2.35; P: 0.01), an 
association which remained significant even after 
adjustment for age, sex and maternal education 
covariates (OR = 1.65; CI 95% 1.12, 2.44; P: 0.01). 
The overweight/obese subjects with light and 
moderate PA levels (1st and 2nd tertiles) had a 
higher level of  WC than those who participated in 
vigorous PA only after adjustment for determined 
confounders (OR = 1.11; CI 95% 1.07, 1.21; 
P: 0.01) (OR = 1.06; CI 95% 1.01, 1.08; 0.02, 
respectively). The results of  the logistic regression 
analysis revealed no association between the higher 
risk of  MetS and PA.

DISCUSSION
The result of  the current study shows that in the 

normal weight group, before and after adjustment 
for potential confounders, the risk of  having 
lower levels of  HDL‑C was approximately 65% 
higher in adolescents with a sedentary lifestyle, 

compared to individuals who had vigorous PA 
level. Furthermore, in the group of  adolescents 
with overweight and obesity, those with light and 
moderate PA, had 11% and 6% more probability of  
having abdominal obesity; however, there was no 
association between PA and other components of  
MetS and its clustering.

Although there are several studies in various 
populations that have assessed the association 
between PA and MetS, these studies differ from 
each other in terms of  MetS definition used, the 
questionnaire for PA, adjustment for confounders 
and continuum of  age and sex, and in subjects 
studied, leading to some difficulties in their 
comparison.

For instance, the results of  conducted study 
on 4811 Iranian individuals, aged 6‑18 years 
using the ATPIII criteria for MetS definition 
and IPQA questionnaire for PA, showed that 
PA has an inverse association with MetS;[22] the 
difference between results of  this study and ours 
could be related to the different MetS definitions 
and PA questionnaire used. In addition, this 

Table 1: Demographic and biochemical characteristics of TLGS adolescents in BMI groups

Variables Total 
(n=777)

BMI <85th percentile 
(n=520)

BMI ≥85th percentile 
(n=257)

Age (years) 15±2 15±2 15±2
Boys (%) 457 (58.5) 303 (58.3) 154 (59.9)
Height (cm) 162±11 162±11 163±11
Weight (kg) 58.9±16.1 51.9±10.3 73.1±16.2*
WC (cm) 75.6±12.3 69.8±7.1 87.5±11.9*
BMI (kg/m2) 22.1±4.7 19.5±2.3 27.3±4.1*
FBG (mg/dl) 87.3±7.1 86.7±7.1 88.7±6.9
TG (mg/dl) 102.8±59.1 90.1±42.4 128.6±77.1*
HDL-C (mg/dl) 43.1±9.9 44.2±9.9 40.8±9.6
SBP (mm Hg) 101.8±12.4 99.4±11.9 106.6±12.1
DBP (mm Hg) 65.5±10.1 64.4±10.2 67.8±9.3*
MetS (%) 107 (13.8) 16 (3.1) 91 (35.4)
Physical activity levels (%)

Sedentary (3>MET) 64 (8.2) 41 (7.9) 23 (8.9)
Moderate (3≤MET<6) 338 (43.5) 217 (41.7) 121 (47.1)
Vigorous (MET≥6) 375 (48.3) 262 (50.4) 113 (44)

Mothers’ education levels (%)
Elementary high school 287 (39.6) 187 (38.2) 100 (37.2)
Diploma 380 (52.5) 240 (49) 140 (52)
Bachelor degree and higher 56 (7.7) 38 (7.8) 18 (6.7)

*P<0.05, WC=Waist circumference, BMI=Body mass index, FBG=Fasting blood glucose, TG=Triglyceride, HDL-C=High 
Density lipoprotein cholesterol, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, MetS=Metabolic syndrome, 
MET=Metabolic equivalent of task
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study was performed on children and adolescents, 
whereas our study was related to adolescents aged 
12‑18 years. Another study from Vietnam, which 
was done on 693 high school students, revealed 
that lifestyle with moderate or vigorous PA is 
associated with lower risk of  MetS; the authors 
of  this study believed that socio‑economic status 
has an important effect on this association.[23] 
It is important to note that, in our study, we did 
not take into account the role of  socio‑economic 
status. Contrary to the above‑mentioned studies, 
Nyberg et al., who assessed the effect of  overweight 
on the metabolic risk factors and the role of  PA 
in 68 pre‑pubertal children, showed that metabolic 
risk factors elevated independently of  lower PA 
levels, among overweight children;[24] the lack of  
association could be explained by the inadequate 
number of  subjects. In agreement with our results, 
there are studies showing the association between 
PA and each individual component of  MetS.[25,26] 
The results of  a study that assessed the association 
of  Leisure‑time physical activity (LTPA) with Mets 

and its components using self‑reported LTPA on 
542 adolescents, who were 13‑years‑old, showed 
that LTPA was associated with BMI, HDL‑C and 
SBP as the MetS components.[27] Similar to the 
above‑mentioned study, in this study, we found that 
PA has significantly affected some components of  
MetS such as HDL‑C and WC.

The limitations of  the current study merit 
consideration: First, In addition to PA, diet and 
socio‑economic status would be related to MetS, 
therefore assessing the effect of  these confounders 
on the association between PA and MetS is useful, 
but we had no data on the diet and socio‑economic 
status for the selected individuals. Second, it 
was impossible for us to confirm individual’s 
PA reports with other techniques such as an 
accelerometer, which is used for recording activity 
count. Third, we did not have data regarding puberty 
status, which would help us to assess the effects 
of  puberty on MetS. Despite these limitations, we 
recruited our samples from among the participants 
of  a large ongoing study in Tehran, named TLGS; 

Figure 1: Means of MetS components by physical activity levels among normal weight and overweight/obese adolescents
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hence the results of  the present study could be 
representative for Tehranian adolescents.

CONCLUSIONS
The results of  this study confirm the association 

between PA and individual components of  MetS 
as WC and HDL‑C.
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