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Abstract

Metabolic syndrome (MetS) is a common health problem in developing countries. We aimed to assess the association between different
aspects of physical activity and MetS in our country. A standardized international questionnaire (Global Physical Activity Questionnaire)
recommended by the World Health Organization was used in the third national survey of risk factors of noncommunicable diseases
(SuRFNCD-2007) to collect physical activity data from a nationally representative sample of Iranian adults. Physical activity was evaluated
in 3 domains: work, commuting, and recreational activities. Both duration and intensity of activity were considered. Biochemical
measurements were carried out, and MetS was defined by the International Diabetes Federation and the Adult Treatment Panel III criteria.
The data collected from a total of 3296 individuals were analyzed. The national prevalence of MetS was estimated to be between 24% and
30%, depending on sex and the criteria used. The prevalence of MetS among individuals with high-, moderate-, and low-category activity
was 18.7% + 1.5%, 25.8% + 2.0%, and 27.9% + 2.0%, respectively (P <.001). These rates were 12.6% + 1.6%, 26.0% =+ 1.5%, and 34.1% +
3.2% among individuals with vigorous activity, with nonvigorous activity, and without activity, respectively (P <.001). We demonstrated a
significant linear association between the number of metabolic abnormalities and lower levels of various aspects of physical activity (total
physical activity, duration of domain-specific activity, and duration of intensity-specific activity; P <.001 for all). Notably, the risk for MetS
increased 1.28-fold with every 30-min/d reduction in vigorous-intensity activity (95% confidence interval = 1.15-1.42, P <.001). The results
of the present study should be considered for future public health programs in Iran.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Metabolic syndrome (MetS) is a cluster of cardiometa-
bolic risk factors including dysglycemia, dyslipidemia,
hypertension, and insulin resistance [1]. Besides the well-
known growth of obesity, the prevalence of MetS has nearly
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doubled among normal-weight American adults in a period
of only 10 years according to the National Health and
Nutrition Examination Surveys in 1988-1994 [2] and 1999-
2004 [3]. This health challenge is also becoming a critical
problem in developing countries that are heavily influenced
by the consequences of modernization and urbanization
[4,5]. Recent lifestyle changes in Iran include reductions in
the physical activity and replacement of traditional diets by
calorie-dense high-fat foods [6]. Metabolic syndrome is
therefore an increasingly common condition encountered by
our physicians. We recently estimated that 1 of every 4
Tehranian adults has MetS [7]. Genetic factors, diet, physical
activity, age, and sex are factors with significant impacts on
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predisposition to MetS [8]. Obviously, potentially modifi-
able risk factors such as physical inactivity are suitable
targets for intervention [9,10].

Although many studies have assessed the association
between physical activity and MetS [10-18], the association
between MetS and different features of physical activity,
defined by a standardized international questionnaire, has
not been investigated in large population-based studies. In
the present study, we assessed for the first time in Iran the
association between different aspects of physical activity and
the MetS in a nationally representative sample of Iranian
adults. Our results, demonstrating significant and novel
associations, are important for health policymakers.

2. Materials and methods
2.1. The study population

SuRFNCD-2007 is the third Iranian national survey of
risk factors of noncommunicable diseases, which was carried
out in 2007. Details of the survey can be found elsewhere
[19]. We used the data collected in the survey in the present
study. The survey included a cluster sampling scheme by
which 4233 Iranian adults aged 25 to 64 years were selected
using postal codes across the country. Two men and 2
women were sampled from each age category (15-24, 25-34,
35-44, 45-54, and 55-64 years). Each provincial sample was
proportional in size to the total population of that province,
for example, 51 (1020 participants) clusters from Tehran (the
largest province) and 2 (40 participants) clusters from Ilam
(the smallest province). The survey was carried out in
collaboration with all 40 universities of medical sciences
across the country. The interviewers were trained nurses
introduced by medical universities to the managerial team in
the national Center for Disease Control. They were trained
about the details of performing the interviews (eg, using the
Persian translation) in a 1-day workshop in Tehran. Physical
examinations were performed by the same nurses. Two of the
authors independently checked the quality of data recorded
in standardized questionnaires. Blood samples were taken
shortly after the interview. Informed consent was obtained
from all participants before inclusion in the study. The
protocol for both SURFNCD-2007 and the present study was
approved by the Center for Disease Control.

We had 113 individuals with missing data in ques-
tionnaires and 28 pregnant women. A total of 796
individuals refused to give blood samples. The data collected
from the remaining 3296 individuals were analyzed.

2.2. Physical activity data

The Global Physical Activity Questionnaire (GPAQ) is a
standardized questionnaire developed by the World Health
Organization to facilitate interpopulation comparisons in
epidemiologic studies. We used GPAQ version 2 [20] in our
survey. It includes 16 questions about various aspects of

physical activity in a typical week. Specifically, physical
activity is evaluated in 3 domains: work, travel to and from
places, and recreational activities. The evaluation of physical
activity in 3 domains is one of the factors that make GPAQ
distinct from the less sophisticated, short version of the
International Physical Activity Questionnaire [21]. The
intensity (ie, vigorous or moderate) of activity in each
domain and the time spent on sedentary behaviors (eg,
watching TV) are also determined. The questionnaires were
administered by interviewers (trained nurses) and in Persian.

Metabolic equivalents (METs), the ratio of a person’s
working metabolic rate relative to the resting metabolic rate,
were used to measure energy expenditure [20]. One MET is
the energy cost of sitting quietly and is equivalent to a caloric
consumption of 1 kcal/(kg h). Caloric consumption is 4 times
as high when being moderately active and 8 times as high
when being vigorously active. For the analysis of the GPAQ
data, 4 METs are assigned to the time spent in moderate
activities and 8 METs to the time spent in vigorous activities
to determine overall energy expenditure. Total physical
activity (TPA) was calculated by adding all MET x minutes
for moderate- or vigorous-intensity physical activity per-
formed at work, commuting, and recreation.

Physical activity was classified as 1 of the 3 categories
based on the GPAQ analysis framework:

1. High: a person reaching any of the following criteria is
classified in this category:
® Vigorous-intensity activity on at least 3 days a week
achieving a minimum of at least 1500 MET-minutes
per week or

® Seven or more days of any combination of walking
and moderate- or vigorous-intensity activities
achieving a minimum of at least 3000 MET-minutes
per week.
2. Moderate: a person not meeting the criteria for the
“high” category but meeting any of the following
criteria is classified in this category:
® Three or more days of vigorous-intensity activity of
at least 20 minutes per day or

® Five or more days of moderate-intensity activity or
walking of at least 30 minutes per day or

® Five or more days of any combination of walking
and moderate- or vigorous-intensity activities
achieving a minimum of at least 600 MET-minutes
per week.

3. Low: a person not meeting any of the above-mentioned
criteria falls in this category.

2.3. Physical examination and anthropometric measurements

Weight and height of participants were determined in light
clothing and without shoes. Portable calibrated electronic
weighing scale and portable measuring inflexible bars were
used. Waist circumference (WC) was measured using
constant tension tape at the end of a normal expiration,
with arms relaxed at the sides, at the midpoint between the
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lower part of the lowest rib and the highest point of the hip on
the midaxillary line. The body mass index (BMI; in
kilograms per square meter) was calculated according to
the Quetelet formula. Blood pressure (BP) was measured
with a calibrated Omron (Kyoto, Japan) M7 sphygmoman-
ometer (HEM-780-E). The average of 3 measurements,
made at intervals of 5 minutes, was used for analysis.

2.4. Biochemical measurements

The participants who consented to laboratory measure-
ments were instructed to go on an overnight fasting for 10 to
12 hours before blood sampling. Blood samples were taken
at sitting position according to the standard protocol,
immediately centrifuged, and transferred under cold chain
condition to the central reference laboratory of the Ministry
of Health of Iran (Tehran, Iran). Fasting plasma glucose
(FPG), triglycerides (TG), and high-density lipoprotein
cholesterol (HDL-C) levels were determined. Fasting plasma
glucose was measured by the enzymatic colorimetric method
using glucose oxidize test. Serum TG and HDL-C were
determined by enzymatic methods (Parsazmun, Karaj, Iran).

Within-assay and between-assay coefficients of variation
were, respectively, 1.82% and 1.60% for TG and 1.74% and
1.19% for FPG.

2.5. Definitions

We used the following definitions. Metabolic syndrome
was defined according to the International Diabetes Federa-
tion (IDF; including our recently established cutoff for the
Iranian population [7]) and the Adult Treatment Panel III
(ATP III) [22] criteria. For establishing a diagnosis of MetS
based on the IDF criteria (for use in Iran), one needs to
demonstrate the presence of abdominal obesity (WC
>91.5 cm in men and WC >85.5 ¢cm in women) plus at
least 2 of the following: raised TG (=150 mg/dL), low levels
of HDL (<40 mg/dL in men and <50 mg/dL in women),
raised BP (systolic BP >130 mm Hg, diastolic BP >85 mm
Hg, or treatment of previously diagnosed hypertension), and
raised FPG (=100 mg/dL) or previously diagnosed type 2
diabetes mellitus. Based on the ATP III criteria, 3 or more of
the following are required to be present for the diagnosis of
MetS: abdominal obesity (WC >102 cm in men and WC

Table 1
Characteristics of participants in low—, moderate—, and high—physical activity categories
Low category Moderate category High category P
n (%) 1317 (40.0) 813 (24.7) 1166 (35.4)
Burden® 12.5 7.7 11.1
Age (y) 44.48 +0.33 4429 +0.42 43.37 +0.34 .054
Male (%) 523 (39.7) 391 (48.1) 753 (64.6) <.001
Area of residence <.001
Urban (%) 887 (67.4) 556 (68.4) 680 (58.3)
Rural (%) 430 (32.6) 257 (31.6) 486 (41.7)
BMI (kg/m?) 27.18 +0.22 26.58 +0.23 25.86 +0.20 <.001
WC (cm) 90.33 £ 0.36 89.05 + 0.41 87.39 £ 0.37 <.001
Smoking status <.001
Never smoker (% + SEM) 838+ 1.7 833+1.7 762+ 1.7
Ex-smoker (% + SEM) 39+0.5 4.6+0.7 62+0.8
Current smoker (% + SEM) 123+ 1.5 121+ 1.4 17.6 £ 1.5
Occupation (% + SEM) <.001
Government employee 9.1+ 1.1 152+19 123+ 1.7
Nongovernment employee 43+13 47+1.0 75+1.3
Self-employed 20.7 £ 2.1 21.0+23 399+24
Others” 65.9 2.6 59.1+2.8 403 £2.7
Systolic BP (mm Hg) 124.53 £ 0.72 122.87 £ 0.82 120.77 £ 0.62 <.01
Diastolic BP (mm Hg) 81.01 £ 0.47 80.29 +0.53 79.89 +0.45 116
TG (mg/dL) 155.41 + 3.04 149.41 + 3.04 140.67 +2.27 <.01
HDL-C (mg/dL) 34.81 +0.46 36.50 £ 0.40 38.29 +0.50 <.001
FPG (mg/dL) 96.49 + 1.43 92.08 +1.17 89.55 +0.85 <.001
No Met (ATP III) 1.76 + 0.06 1.65 +0.06 1.44 +0.05 <.001
No Met (IDF)° 2.08 + 0.06 1.91 + 0.06 1.70 + 0.06 <.001
ATP III MetS (% + SEM) 27.9+2.0 258 +2.0 187+ 1.5 <.001
Burden® 3.5 2.0 2.0
IDF MetS (% + SEM)” 332+ 1.9 29.9+2.1 240+19 <.001
Burden® 4.1 23 2.7

No Met (ATP III): number of metabolic abnormalities according to the ATP III criteria. No Met (IDF): number of metabolic abnormalities according to the IDF
criteria. Variables are mean + standard error or frequency (percentage). Variables are weighted for age, sex, and residential area of the population of Iran in 2006.
 Total national estimate using the data of the 2006 national census within complex survey analysis (numbers are rounded to the nearest million).

® Homemaker, nonpaid work, retired, student, soldier, or unemployed.

¢ Using waist cutoffs for Iran (WC >91.5 cm in men and WC >85.5 ¢cm in women [5]).
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Table 2

Crude associations between features of physical activity and ATP III-defined MetS and its components

MetS

High WC High FPG High BP High TG Low HDL-C

Obesity

Male

1.30%%% (1.15-1.46)
1.39%%% (1.17-1.65)

1.33%%* (1.20-1.46)
1.43%%* (1.23-1.66)

1.10%* (1.02-1.18)

1.15%% (1.05-1.27)

1.07%* (1.02-1.12)
L11%* (1.03-1.20)

1.46%%% (1.25-1.70)
1.63%%% (1,34-1.98)

1.46%%* (1.32-1.62)

1.57%%% (1.35-1.83)

1.34%%% (1.20-1.51)
141%%* (1.19-1.69)

TPA (—240 MET-min/d change)
Vigorous-intensity activity

(=30 min/d change)
Moderate-intensity activity

1.05% (1.01-1.10)  1.21%%% (1.08-1.36)  1.22%%* (1.09-1.37)

1.38%%* (1.15-1.66)  1.30%** (1.11-1.53) 1.04 (0.94-1.15)

1.28%%% (1.13-1.44)

(—60 min/d change)
Sedentary behaviors (=2 h/d change)

Female
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0.73** (0.58-0.92)

0.69%* (0.56-0.86)  0.55%* (0.38-0.78)  0.61*** (0.49-0.76) 0.97 (0.75-1.25) 0.90 (0.70-1.16)

0.68%* (0.53-0.87)

1.22%%% (1.10-1.36)
1.31%%* (1.12-1.54)

140%*%* (128-1.54)  1.32%% (1.10-1.58)  1.06** (1.01-1.10)  1.O7%* (1.02-1.13)  1.23%** (1.12-1.35)
1.54%%% (1 28-1.85) 1.28%%% (1.13-1.46)

1.52%%% (1.31-1.76)

1.26%** (1.13-1.40)
1.33%%* (1.16-1.52)

TPA (240 MET-min/d change)
Vigorous-intensity activity

1.13%* (1.04-1.23)

1.09%* (1.03-1.14)

(—30 min/d change)
Moderate-intensity activity

1.02 (0.89-1.17) 1.03 (0.96-1.11) L16** (1.05-1.29)  1.17%* (1.05-1.30)

1.25%* (1.09-1.44)

1.33%%* (1.12-1.58)

1.19%%* (1.07-1.31)

(=60 min/d change)
Sedentary behaviors (=2 h/d change)

0.70%* (0.58-0.86)  0.46*** (0.34-0.63)  0.72** (0.58-0.89)  0.78* (0.62-0.99) 1.04 (0.82-1.31)  0.76** (0.62-0.93)

0.70** (0.56-0.87)

Obesity is defined as BMI of at least 30 kg/m>. Data are presented as odds ratios (95% Cls) after being weighted for age, sex, and residential area of the population of Iran in 2006.

* P less than .05.
** P less than .01.

***% P less than .001.

>88 cm in women), raised TG (=150 mg/dL), low HDL-C
levels (<40 mg/dL in men and <50 mg/dL in women), raised
BP (systolic BP >130 mm Hg, diastolic BP >85 mm Hg),
and raised FPG (=110 mg/dL).

2.6. Statistical analysis

Statistical analysis was performed in SPSS 16 for
Windows (Chicago, IL). We carried out a complex sample
survey analysis and, for extrapolation of the results to the
Iranian adult population, weighted the data for sex, age
(10-year strata), and residential area (urban/rural) according
to the results of the national census of Iran in 2006 (n =
31 409 737, age, 25-64 years [23]). To compare the groups
with different categories/intensities of physical activity for
continuous variables, we used the method of general linear
modeling in complex sample analysis mode using the F
statistic. Adjustment for multiple comparisons was done
using the least significant difference method. Comparisons
for categorical variables were made by design-based x*
analysis. Multivariate logistic regression analysis was used
to evaluate the independent association between features of
physical activity and MetS (or the number of metabolic
abnormalities) after adjustment for potential confounders.
Continuous variables are expressed as mean + standard error
of the mean (SEM). P less than .05 was considered
statistically significant.

3. Results

There were no significant differences between the
excluded participants and the remaining subjects in age
(38.7 £ 0.66 vs 39.4 + 0.58 years, respectively; P = .136),
sex (male/female: 454/483 vs 1667/1629, respectively; P =
.267), and area of residence (urban/rural: 581/356 vs 2123/
1173, respectively; P = .189). Table 1 shows the results of
univariate analysis. Women and residents of urban areas
tended to belong to lower categories of physical activity (P <
.001). Smokers, nongovernment employees, and self-
employed individuals tended to belong to higher categories
of activity (P <.001). The BMI (P <.001), WC (P <.001),
systolic BP (P <.01), TG (P <.01), FPG (P <.001), number
of metabolic abnormalities (P <.001), and the prevalence of
both IDF- and ATP IlI-defined MetS (P <.001) significantly
decreased across categories with increasing physical activity.
High-density lipoprotein cholesterol had the opposite trend
(P < .001). Using our data, we estimated the national
prevalence of MetS to be 29.1% (95% confidence interval
[CI] =26.5%-31.9%) with the IDF criteria (24.7% [95% CI =
21.3%-28.4%] in men and 33.7% [95% CI = 29.9%-37.7%]
in women) and 24.2% (95% CI = 21.8%-26.8%) with the
ATP III criteria (16.4% [95% CI = 13.8%-19.4%] in men and
32.2% [95% CI = 28.5%-36.1%] in women), corresponding
to 9.1 and 7.6 million Iranian adults, respectively.

Tables 2 and 3 show detailed analysis of the association
between various features of physical activity, MetS, and its
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Table 3
Association of features of physical activity with ATP III-defined MetS and its components

High WC High FPG High BP High TG Low HDL-C MetS

TPA® (=240 MET-min/d change)
Adjustment Model A 1.36%** (1.27-1.46) 1.37**%* (1.21-1.54)  1.06** (1.01-1.11) 1.08** (1.02-1.14)  1.24*** (1.17-1.32) 1.23*** (1.14-1.32)
Model B 1.26%** (1.15-1.37) 1.35%** (1.20-1.53) 1.03 (0.98-1.09) 1.05(0.99-1.12)  1.21%** (1.14-1.29) 1.14*** (1.06-1.23)
Model C  1.26*%** (1.16-1.38) 1.30%** (1.15-1.47) 1.02 (0.96-1.08) 1.04 (0.98-1.11)  1.21%** (1.14-1.29) 1.14*** (1.05-1.23)
Vigorous-intensity activity (—30 min/d change)
Adjustment Model A 1.47*%*%* (1.32-1.63) 1.58%** (1.27-1.97)  1.09%* (1.02-1.17) 1.13¥* (1.05-1.22)  1.33%** (1.22-1.45) 1.31%** (1.18-1.45)
Model B 1.27%%% (1.13-1.43) 1.55%** (1.24-1.93) 1.06 (0.98-1.14)  1.08* (1.00-1.17)  1.28*** (1.17-1.40) 1.30%*** (1.17-1.44)
Model D 1.25%#% (1.11-1.41) 1.48*** (1.19-1. 83) 1.04 (0.97-1.12) 1.07 (0.99-1.16)  1.27*%** (1.16-1.39) 1.28%** (1.15-1.42)
Moderate-intensity activity (—60 min/d change)
Adjustment Model A 1.30%** (1.17-1.44)  1.25%* (1.06-1.48) 1.01 (0.93-1.11) 1.01 (0.92-1.11)  1.16%* (1.06-1.28)  1.16** (1.05-1.30)
Model B 1.28%%* (1.12-1.45)  1.26** (1.07-1.47) 1.00 (0.91-1.10)  1.01 (0.92-1.11)  1.15** (1.04-1.26)  1.15* (1.03-1.28)
Model E  1.28%%%* (1.12-1.46) 1.20* (1.02-1.41) 0.98 (0.89-1.08) 1.00 (0. 91-1.10)  1.14** (1.04-1.26) 1.12%* (1.01-1.25)
Sedentary behaviors (—2 h/d change)

Adjustment Model A 0.83* (0.71-0.98) 0.53*** (0.43-0.65) 0.66™** (0.56-0.77)  0.88 (0.75-1.04) 1.01 (0.86-1.18)  0.84* (0.70-0.99)
Model B 0.96 (0.78-1.18) 0.55%** (0.44-0.68) 0.68*** (0.58-0.80)  0.93 (0.79-1.10) 1.06 (0.90-1.25)  0.93 (0.77-1.12)
Model F 1.01 (0.82-1.25) 0.57*** (0.47-0.73)  0.68*** (0.58-0.80)  0.94 (0.79-1.10) 113 (0.96-1.13)  0.94 (0.78-1.15)

Model A: adjustment for age, sex, and area of residence. Model B: adjustment for age, sex, area of residence, BMI, and smoking. Model C: adjustment for B and
duration of sedentary behaviors. Model D: adjustment for B, duration of moderate-intensity activity, and sedentary behaviors. Model E: adjustment for B,
duration of vigorous-intensity activity, and sedentary behaviors. Model F: adjustment for B and TPA. Multiple logistic regression analysis was used for
adjustments in each model. The dependent variable (coded 0 or 1) was high WC, high FPG, high BP, high TG, low HDL-C, or MetS. The independent variables
were age group, sex, area of residence, BMI, smoking, duration of sedentary behaviors, duration of moderate-intensity activity, duration of vigorous-intensity
activity, and TPA, depending on the model. Data are presented as odds ratios (95% Cls).

? 240 MET-min/d TPA is equivalent to 30 min/d vigorous activity or 60 min/d moderate activity.

* P less than .05.

** P less than .01.

**% P less than .001.

components. Reduced TPA and vigorous-intensity activity sedentary behaviors was significantly associated with MetS
were significantly associated with MetS and all of its and its components (except low HDL-C in both sexes and
components in both sexes (P < .01). The duration of high TG in men) (P < .05). Among MetS components,

1000
TPA 380 —8— Sedentary behaviour xEX
‘::Vurk —0— Moderate intensity
—¥— Commuting . . .
p— S —¥— Vigorous intensity
3004
=y 250+
2 600 -
I 14}
= 2 2001
o
£ o
- =
— 400 - £ 1501
'-él =
1001
200 - o
50
*kk
0 - 01
T T T T T T 1 T T T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5
A Number of metabolic abnormalities B Number of metabolic abnormalities

Fig. 1. After adjustment for age, sex, and residential area, there was a significant (P <.001) correlation between the number of metabolic abnormalities (ATP III
defined) and the following variables: TPA, activity at work, activity at commuting, and activity at recreation (A). There was a significant association (P <.001)
between the number of metabolic abnormalities and the following variables: duration of sedentary behaviors, moderate-intensity activity, and vigorous-intensity
activity after adjustment for age, sex, and residential area (B). Data are expressed as mean (SEM). ***P less than .001.



1352 A. Esteghamati et al. / Metabolism Clinical and Experimental 58 (2009) 1347—1355

central obesity and dysglycemia had the strongest associa-
tion with low physical activity, whereas the weakest
associations were for high BP and high TG. Reduced
vigorous-intensity activity was the strongest predictor of
MetS. Independent of other variables, the risk for MetS
increased 1.28-fold with every 30-min/d reduction in
vigorous-intensity activity (95% CI = 1.15-1.42, P <.001).
The figure was 1.14-fold (95% CI = 1.05-1.23, P <.001) for
every 240-MET-min/d decrease in TPA and 1.12-fold (95%
CI = 1.01-1.25, P < .05) for every 60-min/d decrease in
moderate-intensity activity. The same patterns as with the
ATP III criteria were observed when using the modified
cutoffs for Iran within the IDF criteria. Independent of age,
sex, and residential area, the risk for IDF-defined MetS
increased 1.20-fold (95% CI = 1.11-1.30, P <.001), 1.29-
fold (95% CI = 1.17-1.42, P <.001), and 1.13-fold (95%
CI = 1.04-1.22, P <.01) with every 240-MET-min/d, 30-
min/d, and 60-min/d reduction in TPA, vigorous-intensity
activity, and moderate-intensity activity, respectively.

Total physical activity and MET-minutes of activity at
work, commuting, and recreation significantly decreased
with increasing numbers of metabolic abnormalities (P <
.001). The same trend was seen for the duration of vigorous-
or moderate-intensity physical activity (P <.001), whereas
the duration of sedentary behaviors significantly (P < .01)
increased with increasing numbers of metabolic abnormal-
ities (Fig. 1). Fig. 2 depicts the prevalence of ATP III-
defined MetS and its components in physical activity
categories. Age-, sex-, and residential area—weighted pre-
valence of ATP Ill-defined MetS and all its components
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significantly increased with decreasing categories/intensities
of physical activity (P <.01).

4. Discussion

In this study, the duration and intensity (vigorous vs
moderate) of physical activity in the 3 domains of work,
commuting, and recreation were assessed using the GPAQ
questionnaire. To estimate physical activity energy expendi-
ture, MET-minutes of activities in different domains were
calculated and summed up to yield TPA. Female sex was
associated with lower categories of physical activity. This
observation can be explained by sociocultural factors that
cause Iranian females to be less actively involved in outdoor
works. Urbanization was another correlate of lower-activity
categories. Expectedly, nongovernment employees and self-
employed individuals tended to be in higher-activity
categories. After adjustments for age, sex, residential area,
smoking, and BMI, we demonstrated a significant associa-
tion between TPA and MetS. Furthermore, both moderate-
and vigorous-intensity activities were independently corre-
lated with lower prevalence of MetS. The duration of
sedentary behaviors was independently associated with
MetS. We demonstrated, after adjustment for age, sex, and
residential area, a significant association between the number
of metabolic abnormalities and lower levels of various
aspects of physical activity.

We estimated the prevalence of MetS to be 29.1% among
Iranian adults. This estimate is in agreement with the results
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Fig. 2. Prevalence of ATP IlI-defined MetS and its components significantly increased from high to moderate to low categories of physical activity (A). Less
active participants had significantly higher percentage of MetS and its components (B). Data are expressed as mean (SEM) after being weighted for age, sex, and
residential area according to the population of Iran in 2006. **P less than .01, ***P less than .001.
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of our recent study in Tehran, in which an estimate of
approximately 27% was made for MetS prevalence [7].
Progressive urbanization is an important factor underlying
the high prevalence of MetS and its correlates in Iran. In a
large study (age, 15-64 years) in the northeast of Iran,
urbanization was significantly correlated to the increasing
prevalence of type 2 diabetes mellitus [24]. Similarly, the
prevalence of diabetes was linked to urbanization in a recent
study (age >19 years) in central Iran [25]. Nutritionally
related health patterns have changed dramatically in the
Middle East during recent years, partly because of social
development in the absence of steady economic growth.
Changes in dietary and physical activity patterns as well as
inequality in health care are other important factors [26].

Despite differences in study design, sampling protocol,
questionnaires, MetS definition, method of analysis, and
age of participants, our results are conceptually in line with
studies that documented the association between MetS and
exercise [9,27,28], total activity (using METs) [29],
duration of vigorous- or moderate-intensity activity
[29,30], physical activity categories (using study-specific
definitions) [2,12,30-36], leisure time activity [11,36-40],
and watching TV as a representative of sedentary behaviors
[11,30,35,40-42]. The present study is distinct from many
others in that (1) our sample represents Iran’s population,
(2) all domains of physical activity (work, commuting, and
recreation) and the time spent in each of them were
evaluated, and (3) associations were adjusted for potential
confounders. To have a more accurate estimate of total
activity, work-time activity was taken into account. In
addition, we considered all features of sedentary behaviors
such as sitting at a desk, traveling on bus or train, reading,
watching television, or working with computer.

Using an international questionnaire, which would
facilitate comparison of our results with future studies, we
showed that by each 240—MET-minute increase in daily
TPA, MetS prevalence is reduced approximately 20%. These
results are of extreme importance for a developing country
like Iran whose population is experiencing an increasingly
sedentary life and is thus exposed to higher risks of MetS.
Interestingly, the duration of vigorous activity had a
somewhat more prominent effect than the duration of
moderate activity on MetS prevalence. Although the
contribution of a 60-min/d increase in moderate activity to
TPA is equal to that of a 30-min/d increase in vigorous
activity, they were associated with different rates of
reduction in MetS prevalence (16% and 31%, respectively),
highlighting the importance of vigorous-intensity activity.

We explored the association between physical activity
and individual components of MetS separately. Higher levels
of TPA were associated with a significant decrease in the
prevalence of central obesity, dyslipidemia, dysglycemia,
and high BP. However, BMI significantly confounded the
association of TPA with high BP and hypertriglyceridemia.
Previous reports have led to inconsistent findings about the
association between physical activity and some MetS

components. Some studies have demonstrated a significant
association for BP [30,31,43-45], whereas others have failed
to do so [11,29,34,35]. The situation is the same for
dyslipidemia and dysglycemia [11,30,31,34,35,43-45].
However, all of these studies reported associations between
physical activity and more than 1 MetS component. This
suggests that the beneficial effects of physical activity may
be exerted either simultaneously on several risk factors or on
their common underlying mechanism (eg, insulin resis-
tance). Various aspects of physical activity declined
significantly with increasing numbers of metabolic abnorm-
alities in our series.

There are a few studies carried out in the Middle East that
examined the relationship between physical activity and
MetS. A recent study in Turkey showed that ATP III—defined
MetS was negatively associated with levels of physical
activity [46]. Similarly, the prevalence of ATP IlI-defined
MetS in subjects with a sedentary lifestyle was significantly
higher than that in active subjects of both sexes in a study in
3 central cities of Iran [47]. The present study is a nationally
representative report from Iran elucidating the association of
physical activity and MetS and is one of the largest studies
on the subject. The questionnaire (approved by the World
Health Organization) we used can serve as a standard
questionnaire to make community-level physical activity
assessments more feasible. It should be pointed out,
however, that certain factors such as recall bias might have
negatively influenced the accuracy of physical activity data
collected by questionnaires. Furthermore, as our study was
cross-sectional, it cannot prove potential causal relation-
ships. Longitudinal data are required to assess whether low
levels of moderate and vigorous activity do increase the risk
of MetS.

In conclusion, our study indicated a significant relation-
ship between MetS and various aspects of physical activity.
Longer durations of moderate- and vigorous-intensity
activity were associated with reduced odds of MetS.
Clustering of MetS components was seen in persons with
higher levels of sedentary behaviors. The MetS components
are risk factors for cardiovascular diseases as well.
Therefore, any strategy that reduces the prevalence of
MetS may lead to a reduction in the prevalence of
cardiovascular diseases. In Iran, like other countries,
MetS has an independent association with ischemic heart
disease [48]. Our findings suggest that, to reduce the
prevalence of the MetS and its consequences, increased
participation in physical activity should be encouraged.
Women and urban residents need to be the focus of more
intensive attention. In the absence of contraindications,
more vigorous-intensity activity should also be considered
to obtain additional health benefits.
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