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Association between Cigarette Smoking and Metabolic 

Syndrome in Thais 
 

Abstract 
 

Purpose: To investigate the relationship between metabolic 

syndrome as defined by using the modified NCEP/ATP III criteria 

[modified the National Cholesterol Education Program (NCEP)/Adult 

Treatment Panel III (ATP III) criteria] and cigarette smoking in Thai 

subjects.  

Methods: This study was carried out among 254 smokers and 144 

nonsmokers from suburban and urban residential areas in Bangkok, 

Thailand. All anthropometric variables, blood pressures, resting heart 

rate and biochemical parameters in each subject were measured.  

Results: The anthropometric variables, biochemical parameters, 

blood pressures and resting heart rate were not significantly different 

between smokers and nonsmokers, except for white blood cell count 

(WBC). Cigarette smoking was associated with increased risk for 

metabolic syndrome (OR =1.97; 95% CI=1.11-3.42) and the 

percentages of metabolic syndrome in smoker and nonsmoker Thais 

were 22.8% and 13.2%, respectively. Moreover, the number of 

cigarette smoking per day showed significant association with 

metabolic syndrome (p=0.047). Logistic regression analysis revealed 

that cigarette pack-years, resting heart rate, body mass index (BMI) 

and total cholesterol were significantly increased risk factors for 

metabolic syndrome.   

Conclusion: The current findings suggest that cigarette smoking is 

associated with the increased risk of metabolic syndrome by using the 

modified NCEP/ATP III criteria in Thais. 
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Introduction 
 

Nowadays, the prevalence of metabolic syndrome 

is increasing in the world and reports from many 

countries had similar prevalence rates ranging 

between 10-20% [1-3]. The prevalence in 

Nongkhai province, Thailand is about 17% [4]. 
Metabolic syndrome is a cluster of risk factors 

predictive of future cardiovascular diseases and 

type 2 diabetes mellitus [5-6]. Many factors, 
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including physical inactivity, obesity, and an 

unhealthy diet, appeared to promote the 

development of the disease [7], but the 

mechanisms causing the onset are not fully 

understood.  

 

Smoking may be considered as an important 

modifiable risk factor for metabolic syndrome. 

Cigarette smoking is an important health problem 

in Thailand, and the proportion of smokers is 

approximately 21.2 percent [8]. It is considered to 

increase morbidity and the mortality risk of many 

chronic diseases such as atherosclerosis, 

cardiovascular diseases, type 2 diabetes, emphy-

sema, and various types of malignancies [9-10]. 

Chemical components of cigarette smoke, other 

than nicotine, contribute to cardiovascular injury 

by causing production of carboxyhaemoglobin, 

increasing platelet aggregation, adversely 

affecting the lipid profile and producing oxidant 

injury [11,12]. Smokers have abnormalities in 

lipoprotein metabolism and endothelial function 

[13]. Several studies reported that smoking also 

induced insulin resistance and conducted to type 

2 diabetes [6,14]. However, the link between 

smoking and metabolic syndrome has not been 

properly elucidated. Although some earlier 

studies have not found the relationship between 

smoking and metabolic syndrome [15-17], none 

of these studies was done in Thai subjects. Thus, 

the objective of this study was to investigate the 

relationship between metabolic syndrome and 

cigarette smoking in Thai subjects.  

 

Methods 
 
Subjects 

 

Following approval by the Ethics Committee of 

Faculty of Tropical Medicine, Mahidol 

University, Bangkok, a convenient sample size of 

398 Thai volunteers (aged 21 to 62 years) were 

recruited from suburban and urban residential 

areas in Bangkok, Thailand. These excluded 

subjects with a history of diabetes mellitus, liver, 

kidney and cardiovascular diseases as confirmed 

by physical appropriate examinations and 

laboratory tests. Of these subjects, 254 were 

smokers, while the rest (144) were nonsmokers. 

Using an interview format, all the volunteers 

were interviewed to obtain information on their 

lifestyle pattern, and medical history. Smoking 

characteristics such as age at onset of smoking, 

the number of cigarettes smoked and duration of 

smoking (years) were recorded in details. 

Cigarette pack-years were computed as duration 

of smoking (years) multiplied by the number of 

smoked cigarettes and divided by 20.  

 

Overnight fasting venous blood (5 ml) was taken 

from each subject. Serum was used to assay 

biochemical variables e.g. total cholesterol, 

triglycerides, HDL-cholesterol, aspartate 

aminotransferase (AST), alanine aminotrans-

ferase (ALT) and alkaline phosphatase (ALP). 

NaF blood was used to assay glucose and EDTA 

blood was used to assay hematological variables 

e.g. hemoglobin, hematocrit, and white blood cell 

count (WBC).  

 

Anthropometric measurements, comprising 

weight, height, triceps skinfold thickness (TSF), 

waist circumference, and hip circumference for 

each subject were determined. For each subject, 

the waist and hip circumferences were measured 

and the waist and hip circumference ratio 

calculated. Body mass index (BMI) was 

determined and expressed as weight (kg) / height 

(m
2
). Resting heart rate and blood pressure (BP) 

were measured by a nurse after 5 to 10 minutes of 

rest in the sitting position. 

 

Laboratory techniques 

 

For each subject, glucose, total cholesterol, 

triglycerides, HDL-cholesterol, AST, ALT and 

ALP were measured using enzymatic methods by 

DADE Dimension 
®

AR. Hemoglobin as well as 

hematocrit concentrations and WBC count were 

determined by Coulter Counter. 

 

Criteria for metabolic syndrome 

 

The metabolic syndrome was defined by using 

the modified NCEP/ATP III criteria [18]. The 

new cut-off on waist circumference in the Asia 

pacific region was used instead of original cut-off 

for waist circumference in ATP III criteria. The 

modified NCEP/ ATP III definition required at 

least three of the followings: (1) raised waist 

circumference: >90 cm in men and >80 cm in 
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women for Asians, (2) raised triglyceride level 

which is > 150 mg/dL, (3) reduced high-density 

lipoprotein (HDL)-cholesterol which is < 

40mg/dL in men and <50 mg/dL in women, (4) 

raised blood pressure: systolic blood pressure 

>130 mmHg or diastolic blood pressure > 85 

mmHg or current antihypertensive medication, 

and (5) raised fasting plasma glucose which is > 

100 mg/dL. 

 

Statistical analysis 

 

Statistical calculations were performed using 

SPSS for Windows version 17.0 (SPSS, Chicago, 

IL). The median and 95% confidence interval 

(C.I.) were calculated. Difference between two 

groups was determined using the Mann-Whitney 

U-Wilcoxon Rank Sum W test. Relationship 

between metabolic syndrome and cigarette 

smoking was tested using Chi-square test and 

odds ratio (OR) determined as appropriate. To 

assess the association between metabolic 

syndrome as dependent variable and potential 

factors, logistic regression was applied. At 95% 

confidence interval, p values <0.05 were 

considered statistically significant. The goodness 

of fit of the logistic regression models was tested 

with the Hosmer Lemeshow test. 

 

Results 
 

The median and 95% confidence intervals of the 

age, blood pressures, resting heart rate, 

biochemical and hematological measurements as 

well as anthropometric variables in smokers and 

nonsmokers are shown in Table 1. All 

anthropometric variables, biochemical 

parameters, blood pressures and resting heart rate 

among the smokers were not statistically 

significantly different from those of the 

nonsmokers. Significantly higher WBC counts 

were observed among the smokers when 

compared with the nonsmokers.  

 

The percentage of metabolic syndrome in this 

study is presented in Table 2. As defined by the 

modified NCEP / ATP III criteria, 77 (19.3%) of 

 
Table 1: Age, anthropometric variables, biochemical and hematological parameters of volunteers 

 

Smokers (n= 254) Nonsmokers (n=144) Parameters 

Median   95%C.I. Median  95%C.I. 

   p-value 

Age (years) 37 35-40 36 34-39 0.289 

BMI (kg/m2) 23.66 23.00-24.02 23.36 22.84-24.32 0.462 

Waist (cm) 83.00 80.80-85.00 83 80.79-85.00 0.467 

Hip (cm) 96 95-97 96 94-97 0.959 

Waist/Hip ratio 0.86 0.85-0.87 0.87 0.85-0.88 0.227 

TSF (mm) 12.00 10.50-13.00 12.05 10.59-13.40 0.946 

Systolic BP (mmHg) 120 120-122 120 116-123 0.781 

Diastolic BP (mmHg) 80 78-80 78 76-80 0.434 

Resting heart rate 

(beats/minute) 

73 72-75 72 69-73 0.061 

Glucose (mg/dL) 85 83-87 82 79-84 0.093 

Total cholesterol 

(mg/dL) 

204 197-210 203 198-210 0.902 

Triglycerides (mg/dL) 124 114-138 121 112-129 0.122 

HDL-C (mg/dL) 49 48-51 50 48-52 0.925 

AST (U/L) 30 29-33 29 27-32 0.348 

ALT (U/L) 30 28-33 31 28-33 0.397 

ALP (U/L) 74 70-76 69 66-72 0.076 

Hemoglobin (g/dL)  14.8 14.7-15.0 14.6 14.4-15.0 0.371 

Hematocrit % 44.6 44.1-45.1 44.3 44.0-44.9 0.413 

WBC (109/L) 7,100 6,800-7,500 5,900 5,700-6,300 0.000* 

            *p < 0.05  



Suriyaprom et al                            Smoking and Metabolic Syndrome in Thais 

 

Int J Health Res, December 2010; 3(4):   210 

Table 2: Prevalence of metabolic syndrome in smokers 

and nonsmokers (percentages in parentheses) 

 

Prevalence  

 Metabolic 

syndrome  

n=77 

Non metabolic 

syndrome   

n=321 

Smokers 58 (22.8) 196 (77.2) 

Nonsmokers 19 (13.2) 125 (86.8) 

 

the subjects had the metabolic syndrome. 

Smoking was found associated with increased 

risk for metabolic syndrome (OR=1.97; 95% 

C.I.=1.11-3.42, p=0.019) (Table 2). The 

prevalence of metabolic syndrome increased 

proportionally with increase in the number of 

cigarettes smoked per day (Table 3). BMI (OR 

=1.48, p<0.01), resting heart rate (OR =1.07, 

p=0.011), total cholesterol (OR =1.01, p=0.025) 

and cigarette pack-years (OR =1.08, p=0.009) 

had significant impact on the metabolic 

syndrome. 

 
Table 3: Prevalence of metabolic syndrome according 

to the number of cigarette smoking per day. 
 

Cigarettes per day 
Prevalence of  metabolic 

syndrome (n= 58) 

1-5 17.5% (n=7) 

6-10 19.8% (n=20) 

11-20 24.3% (n=18) 

>20 33.3% (n=13) 

*p < 0.05 (Pearson Chi-square) 

 

Discussion 
 

In this study, we found a good relationship 

between cigarette smoking and metabolic 

syndrome in Thai subjects. This finding is 

consistent with results from previous 

epidemiologic studies [19-20]. In Japanese, 

smoking was positively related to metabolic 

syndrome (OR=1.4) and the prevalence of 

metabolic syndrome was 19% in male smokers 

who did not drink [19]. In Korean, the prevalence 

of metabolic syndrome in sustained smokers was 

14% [20]. Studies in Taiwan and in Korea 

showed a higher prevalence of metabolic 

syndrome in smokers than in never smokers and 

current smoking had a significant dose-dependent 

association with metabolic syndrome [21-22]. 

Although many pharmacological actions of 

cigarette smoking and nicotine have been 

demonstrated [23-24], the mechanism of how 

cigarette smoking increases the risk of the 

metabolic syndrome is still not clear. Insulin 

resistance is the key pathophysiology of 

metabolic syndrome [25]; previous study has 

shown that long-term cigarette smokers are 

insulin resistance [26]. A negative effect of 

cigarette smoking on insulin-mediated glucose 

uptake has been documented in studies [26-27]. 

Cigarette smoking elevates the circulating 

concentrations of insulin-antagonistic hormones 

[28] and chemical components of cigarette smoke 

may have direct toxic effects on the pancreas as 

well as on insulin receptor sensitivity [24]. Thus, 

cigarette smoking may contribute to the 

metabolic disturbances and may increase the risk 

of the metabolic syndrome. On the other hand, 

some studies had not found the relationship 

between smoking and the metabolic syndrome 

[29-31]. Gharipour et al reported that the 

percentage of nonsmokers with three components 

of metabolic syndrome was higher than in 

smokers [29] and in Iranian middle aged women, 

the odds ratio showed no significant association 

 
Table 4: Multivariate logistic regression analysis when metabolic syndrome was used as dependent variable and 

BMI, total cholesterol, resting heart rate, WBC as well as cigarette pack-years were taken as independent variables 

 

 

Variables 

 

 

β 

 

Odds ratios Exp (β) 

 

(95% C.I.) 

 

p-value 

BMI 0.39 1.48 1.28-1.70 <0.001* 

Resting heart rate 0.07 1.07 1.01-1.12 0.011* 

Total cholesterol 0.01 1.01 1.00-1.02 0.025* 

WBC 0.00 1.00 1.00-1.00 0.727 

Cigarette pack-years 0.08 1.08 1.02-1.15 0.009* 

            *p<0.05 
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between metabolic syndrome and smoking [28]. 

Moreover, our findings support that cigarette 

smoking has adverse affect on health. 

Multivariate logistic regression in this study 

showed that BMI, resting heart rate, total 

cholesterol and cigarette pack-years had 

significant impact on the metabolic syndrome, 

which is consistent with previous findings [32-

33]. That elevated resting heart rate is associated 

with metabolic syndrome in both men and 

women has been reported by Rogowski et al [32]. 

BMI and total cholesterol were significantly 

higher in present metabolic syndrome group than 

non metabolic syndrome group [34]. Gnacnska et 

al also showed that increased BMI was the 

biggest factors stimulating manifestation of 

metabolic syndrome [33] and BMI was the 

positive associated factor to the diagnosis of 

metabolic syndrome in logistic regression model 

[35].   

 

Conclusion 
 

Our study found that cigarette smoking is 

associated with metabolic syndrome. Smokers 

had higher circulating WBC count than 

nonsmokers and the trend of resting heart rate 

increases in smokers. These observations may 

provide the data to promote antismoking 

campaign. Further investigation should clarify the 

mechanisms between cigarette smoking and the 

metabolic syndrome in large population studies. 
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