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Abstract
Introduction: There is limited evidence about the association between smoking and metabolic
syndrome (MS). The aim of this study was to assess the association of smoking with MS
components. Materials and Methods: As part of the baseline survey of a community-based study,
we studied 5573 non-diabetic men. All participants were interviewed and underwent physical
examinations and blood collection. Results: The study participants comprised 1625 smokers and
3948 non-smokers, with a mean age of 38.07 ± 14.85 years. Serum low-density lipoproteincholesterol (LDL-C) and triglycerides (TG) were higher in smokers than in non-smokers (LDLC: 115.34 ± 39.03 vs 112.65 ± 40.94 mg/dL, respectively, P = 0.015 and TG: 175.13 ± 102.05 vs
172.32 ± 116.83 mg/dL, respectively, P = 0.005). Body mass index, waist circumference and waisthip ratio were lower in smokers than in non-smokers. Mean systolic and diastolic blood pressures
were significantly lower in smokers than in non-smokers (systolic: 112.06 ± 15.888 vs 117.25 ±
17.745 mmHg, respectively, P = 0.000; diastolic: 73.66 ± 10.084 vs 76.23 ± 10.458 mmHg,
respectively, P = 0.000). The percentage of individuals with 2 MS components was higher in
smokers than in non-smokers (39.64% vs 33.00%, respectively, P = 0.000). However, the
percentage of non-smokers with 3 MS components was higher than in smokers (49.62 % vs
43.82%, respectively, P = 0.000). Conclusions: Our findings support the hypothesis that lifestyle
factors such as smoking can adversely affect MS components. However, we should acknowledge
that these differences may have resulted from the large sample sizes studied and may not be
clinically significant. The lower prevalence of some MS components in smokers than in nonsmokers might be because of their lower anthropometric measures.
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Introduction
Metabolic syndrome (MS) is conceptualised as a
constellation of physiologic or anthropometric
abnormalities.1 Typically, it includes excess weight,
hyperglycaemia, elevated blood pressure, low concentration
of high-density lipoprotein cholesterol (HDL-C), and
hypertriglyceridaemia.2 It is estimated that at least 47
million Americans, or about 1 in 5 people, have this
condition.3 The prevalence of MS is high not only in
Western communities, but also in Asian populations.4 Each
abnormality promotes atherosclerosis independently, but
when they accumulate, the metabolic disorders become

1

increasingly atherogenic and increase the risk of
cardiovascular morbidity and mortality.1 MS is an important
risk factor for subsequent development of type II diabetes
and cardiovascular diseases (CVDs).4
Unhealthy lifestyle habits might increase the risk of
CVDs.5-7 These habits include physical inactivity, caloriedense diets, habitual alcohol drinking, smoking and
psychosocial stress.8 Previous studies have demonstrated
the adverse effect of smoking on CVDs, e.g. tobacco use
increases triglycerides (TG) and decreases HDL-C levels.
It has also been shown that total cholesterol (TC), lowdensity lipoprotein cholesterol (LDL-C), and TC/HDL-C
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ratio are strongly related to smoking.9 Another study
revealed significant improvements in LDL-C, HDL-C and
the HDL-C-to-LDL-C ratio 8 weeks after cutting down on
smoking.10
An increasing body of evidence suggests that oxidative
stress is involved in the pathogenesis of CVD.11 Cigarette
smoke contains large amounts of free radicals. In addition,
smokers have lower antioxidant vitamins intake and/or
higher antioxidant turnover rates. These conditions increase
oxidative stress in smokers compared to non-smokers.10-13
Previous studies have demonstrated the adverse effect of
smoking on serum lipid profile; however, there is limited
evidence on the association of smoking and MS components
such as lipid profile and obesity. Dysglycaemia is an
important component of MS; it leads to endothelial
dysfunction, and could be a confounder of the effect of
smoking on MS components. Hence, we set out to examine
lifestyle factors such as smoking, which could adversely
affect MS components, as defined by the Adult Treatment
Panel III (ATP III) guideline.2
Materials and Methods
Study Population
This cross-sectional study was performed as part of the
baseline survey of a community-based interventional
programme entitled the Isfahan Healthy Heart Programme
(IHHP) in 3 cities in Iran (Isfahan, Najafabad, Arak); the
IHHP methodology has been previously described in
detail;14 we report it in brief here. The participants were
selected from among 12,318 people comprising 6300 men
and 6300 women registered in the IHHP between 2000 and
2001. The selected subjects were 5573 non-diabetic men
with a mean age of 38.07 ± 14.85 years. As the contribution
of several metabolic disorders to MS is different in men and
women, we selected only non-diabetic men. To compare
the effect of smoking on MS components and lipid profile,
we assigned the subjects to 2 groups which included 1625
smokers (29.2%) and 3948 non-smokers (70.8%). The MS
components according to the ATP III criteria guideline,2
and anthropometric and laboratory findings were compared
between the 2 groups. In smokers, it seems reasonable to
presume that an increased production of free radicals
aggravates the complications of MS. Also, as 4 of the 5
components of MS (i.e. obesity, hyperglycaemia,
hypertension and hypertriglyceridaemia) are characterised
by high oxidative stress and all of the subjects in this study
were non-diabetic, only those components were evaluated
in the present study. To exclude diabetic patients, in
addition to known cases of diabetes, those individuals with
fasting blood glucose (FBG) of more than 110 mg/dL and
2-hour post-load plasma glucose of more than 200 mg/dL
were excluded from the analysis.

Anthropometric Measurement
Anthropometric measurements were performed by a
well-trained team using a portable stationmaster. Height
(Ht) was measured with participants standing without
shoes to the nearest 0.5 cm using a secured metal ruler,
while weight (Wt) was measured to the nearest 0.1 kg in
light clothing using calibrated balance beam scales. Body
mass index (BMI) was calculated by dividing Wt (kg) by Ht
squared (m2). Waist circumference (WC) measurements
were conducted at the end of normal expiration to the
nearest 0.1 cm, measuring from the narrowest point between
the lower borers of the rib cage and the iliac crest and the
hip at the level of the trochanter. The waist-to-hip ratio
(WHR) was calculated by dividing WC by hip
circumference.14
Measurement of Clinical and Laboratory Findings
Laboratory tests were performed in routine clinical
visits. Blood pressure (BP) was measured twice by a nurse
or technician using a standard mercury sphygmomanometer
after 5 to 10 minutes of rest in the supine position. The
average of the 2 measurements was recorded. Laboratory
tests were performed in the morning after at least 8 hours
of overnight fasting. All blood samples were collected
from respective centres in the 3 cities of Najafabad, Arak
and Isfahan. They were immediately frozen at -20°C until
assayed within 72 hours at the central laboratory of Isfahan
Cardiovascular Research centre (a WHO Collaborating
centre), which meets the criteria of the national reference
laboratories (a WHO Collaborating Centre in Tehran, Iran)
and which is under the quality control of the University of
Leuven, Belgium. Reference samples were obtained at the
beginning of the study and included in daily laboratory
analyses. Measurements of FBG and 2-hour post-load
plasma glucose and plasma lipid profile was performed
with standard procedures. FBG and the 2-hour post-load
plasma glucose test were performed on fresh blood samples.
After obtaining the initial venous blood sample, the
participants drank 389 mL of Lucozade (equivalent to 75 g
anhydrous glucose) over 5 minutes. A second blood sample
was taken 2 hours later and analysed using the
electrochemical glucose oxidase method. HDL-C, LDL-C,
TC and TG were measured in fasting blood samples. TG
was measured by enzymatic colorimetric methods and
HDL-C was determined after dextran sulphate-magnesium
chloride precipitation of non-HDL-C; LDL-C level was
derived using the Friedewald equation in individuals with
TG <400 mg/dL.14
Statistical Analysis
Data obtained from non-diabetic men were included in
the analysis. The results are provided as means ± standard
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deviation (SD). Comparisons between the groups were
conducted by the Mann-Whitney U-test. Chi-square test
was used to compare categorical variables and the
prevalence of MS in smokers and non-smokers. P values of
less than 0.05 were considered as statistically significant.
Results
TG and LDL-C were significantly higher in smokers
(triglyceride: 172.3 ± 116.8 vs 175.1 ± 102.05 mg/dL,
respectively, P = 0.005; LDL-C: 115.3 ± 39 vs 112.6 ± 40.9
mg/dL, respectively, P = 0.015 ). HDL-C was significantly
lower in smokers than in non-smokers (44 ± 10.3 vs 45.8
± 12.2 mg/dL, respectively, P = 0.000). Although TG was
higher in smokers than in non-smokers, the difference was
not significant. Other parameters such as BMI, WC, WHR,
and mean systolic and diastolic BP were significantly
lower in smokers than in non-smokers (BMI: 23.9 ± 4.4 kg/
m2 vs 24.5 ± 4.6 kg/m2, respectively, P = 0.029; WC: 86.83
± 11.61 vs 88.38 ± 11.89 cm, respectively, P = 0.000;
WHR: 0.89 ± 0.008 vs 0.9 ± 0.088, respectively, P = 0.029;
systolic BP: 112.06 ± 15.89 vs 117.25 ± 17.75 mmHg,
respectively, P = 0.000; diastolic: 73.66 ± 10.08 vs 76.23
± 10.46 mm/Hg, respectively, P = 0.000) (Table 1).
To evaluate the association of smoking with the number
of MS components, we compared these components
between 2 groups. Furthermore, the participants were
divided into 4 categories based on the number of MS
components and the results are displayed as the percentage
of subjects in each category. Since all subjects were nondiabetic, the dysglycaemia component was not included in

the analysis. The percentage of smokers with 2 MS
components was greater than that of non-smokers,
nonetheless, the percentage of non-smokers with 3 MS
components was higher (Table 2).
To determine the most prevalent MS components in
smokers, we compared these components between the 2
groups. The percentage of individuals with 2 MS
components (TG ≥150 mg/dL and HDL-C <40 mg/dL)
was higher in smokers than in non-smokers. The frequency
of individuals with other MS components such as increased
WC (>102 cm) and high BP (≥130/85 mmHg) was higher
in non-smokers (WC: 67.97% in smokers vs 56.12% in
non-smokers, respectively, P <0.0001; high blood pressure:
12.91% in smokers vs 8.51% in non-smokers, respectively,
P <0.0001). Hypertriglyceridaemia was the most
prevalent MS component in both smokers and non-smokers
(Table 3).
Discussion
Our findings support the hypothesis that lifestyle factors
such as smoking adversely affect MS components. Our
results showed an association between smoking and elevated
serum LDL-C and TG, as well as low HDL-C. However,
we should acknowledge that these significant differences
may have resulted from the large sample size and are
probably not clinically significant. A similar study
demonstrated that smoking was not related to diabetes
mellitus, TC and/or LDL-C.3 Although some studies
revealed that smoking habits could change endothelial
function.15-17 In contrast, another study revealed that

Table 1. Laboratory and Anthropometric Indices in Smokers and Non-smokers: Isfahan Healthy Heart Programme (IHHP)
Laboratory parameters

Non-smokers

Smokers

P

LDL cholesterol (mg/dL)

112.65 ± 40.94

115.34 ± 39.03

0.015

HDL cholesterol (mg/dL)

45.88 ± 12.28

44.01 ± 10.35

0.000

Total cholesterol (mg/dL)

192.75 ± 61.69

193.48 ± 46.51

0.079

Triglyceride (mg/dL)

172.32 ± 116.83

175.13 ± 102.05

0.005

FBS (mg/dL)

78.65 ± 10.04

77.89 ± 9.97

0.005

2-hour post-load plasma glucose

89.86 ± 21.65

87.21 ± 19.29

0.000

24.59 ± 4.69

24.42 ± 4.63

0.029

88.38 ± 11.89

86.83 ± 11.61

0.000

0.9 ± 0.088

0.89 ± 0.008

0.029

Systolic blood pressure (mmHg )

117.25 ± 17.75

112.06 ± 15.89

0.000

Diastolic blood pressure ( mmHg)

76.23 ± 10.46

73.66 ± 10.08

0.000

Anthropometric parameters
BMI (kg/m2)
Waist circumference (cm)
Waist-to-hip ratio
Clinical parameters

BMI: body mass index; FBS: fasting blood glucose; HDL: high-density lipoprotein; LDL: low-density lipoprotein
*Values are expressed as means ± standard deviation (SD)
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Table 2. Number of Metabolic Syndrome Components in Smokers and
Non-smokers: IHHP

Table 3. Frequency of Individuals with Metabolic Syndrome Components
in Smokers and Non-smokers: IHHP

Number of metabolic
syndrome component

Non-smokers
(%)

Smokers
(%)

P

Metabolic syndrome components Non-smokers

Smokers

P

Waist circumference >02 cm

67.97%

56.12%

0.000

At least one component

8.63

7.82

0.000

87.59%

0.000

33.00

39.64

0.000

Triglycerides ≥150 mg/dL
(1.695 mmol/L)

83.05%

Two components
Three components

49.62

43.82

0.000

18%

21%

0.000

12.91%

8.51%

0.000

HDL cholesterol <40 mg/dL
(1.036 mmol/L)
Blood pressure ≥130/85 mmHg

smoking had a dyslipidaemic effect and can increase TC,
LDL-C and TG; furthermore, it can decrease serum HDLC level.4,18 In our study, mean systolic and diastolic BP in
smokers were lower in smokers than in non-smokers.4
Previous studies have reported such a negative relationship
between cigarette smoking and diastolic/systolic BP.4 The
cumulative incidence of hypertension in smokers is shown
to be lower than in non- and ex-smokers.19 The adjusted
mean change in BP of smokers is reported to be significantly
lower than in non- and ex-smokers.20 Contrary to our
results, some studies have shown that cigarette smoking
may also induce an increase in abdominal obesity.21 In our
study, BMI, WHR and WC in smokers were significantly
lower than in non-smokers. Some other studies have
demonstrated lower BMI in current and smoking status.22
Some studies have shown that tobacco cessation leads to
considerable weight gain.23 The association between smoking
and relative weight is modified by social factors such as
age, education, marital status, hypertension and glucose
intolerance.22
Unlike our findings, some studies have reported a higher
percentage of symptoms of MS in young male smokers
compared to non-smokers. 24 Given the cumulative effect of
CVD risk factors, the Kuopio study clearly demonstrated
that the highest CVD risk is found in obese smokers,
especially those with abdominal fat accumulation.25 Current
smoking was also found to be a significant independent
risk factor for MS in both men and women, which is
consistent with previous cross-sectional studies.25-27
In the current study, the percentage of individuals with
2 MS components was greater in smokers and the frequency
of those with 3 components was unexpectedly higher in
non-smokers. This may be accounted for by the diminution
of anthropometric measures and BP in smokers. The 2 most
common components of MS in smokers were hypertriglyceridaemia and low HDL-C.
Study Limitations
This cross-sectional study could not establish causal
relations, but could generate a hypothesis that can be
evaluated by future prospective studies. Therefore, the
results are merely reflective of associations observed
between smoking and clinical/biochemical parameters.

The possible interference with smoking of other variables,
such as dietary habits should not be overlooked. Moreover,
the quality and quantity of smoking were not evaluated.
Thus, treatment of patients with MS will most likely
require lifestyle and when necessary, pharmacological
interventions that will control the individual components
of MS. Longitudinal studies with long-term follow-up
among smokers, as well as experimental studies of the
levels of oxidative stress in smokers are recommended.
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