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Objective: To determine the association between metabolic syndrome as defined by the modified NCEP/ATP III criteria and
cigarette smoking among Thai smokers aged 50 years or older.

Materials and Methods: Cross-sectional data were collected from 679 smokers and former smokers in a lung cancer screening
program in Thailand between 2015 and 2017. Participants were interviewed and examined for weight, height, blood pressure,
lipid profile, and fasting glucose concentration. Logistic regression models were used to estimate odds ratios [ORs] and 95%
confidence intervals [CI].

Results: Metabolic syndrome was found in 49.0% of participants. Smoking status was statistically significantly related to
metabolic syndrome (p-value = 0.001). Among non-metabolic syndrome participants, 46.5% were former smokers and
53.5% were current smokers, compared with 60.0% former smokers and 40.0% current smokers among participants with
metabolic syndrome. Reduced odds of being current smokers (vs. former smokers) were found for those with metabolic
syndrome, higher BMI, and high blood pressure. Metabolic syndrome and its components were associated with current
smoking levels among active smokers, with statistically significant effects found for high fasting plasma glucose (OR = 1.66;
95% CI: 1.03 to 2.67; p-value = 0.039) and high triglycerides (OR = 1.75; 95% CI: 1.07 to 2.85; p-value = 0.026). After
adjusting for possible confounders, those with high fasting plasma glucose were 1.73 times more likely (95% CI: 1.02 t0 2.93,
p-value = 0.042) and those with high triglycerides were 2.97 times more likely (95% CI: 1.43 to 6.13, p-value = 0.003) to
currently smoke more than 10 cigarettes per day, compared with currently smoking 10 or less cigarettes per day. However,
there was a significant negative relationship between low HDL cholesterol level and smoking more than 10 cigarettes per day
(OR =0.48; 95% CI: 0.24 to 0.97; p-value = 0.041).

Conclusion: Current smokers could be at high risk for developing metabolic syndrome. Those smoking more than 10
cigarettes a day have higher level of fasting plasma glucose and triglyceride . However, low HDL cholesterol levels are more
common among those smoking 10 or less cigarettes per day.
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Metabolic syndrome, a condition charac-
terized by abdominal obesity, dyslipidemia, elevated

Correspondence to:

Luengingkasoot S, Faculty of Medicine and Public Health, HRH
Princess Chulabhorn College of Medical Science, Chulabhorn
Royal Academy, 54 Kamphangphet 6 Road, Laksi, Bangkok
10210, Thailand.

Phone: +66-2-5766351

E-mail: supapun.jay@gmail.com

blood pressure, and hyperglycemia, has become one
of the major public health challenges worldwide®".
This syndrome increases the risk of developing type 2
diabetes and cardiovascular disease and is correlated
with all-cause mortality®>®. Additionally, accumulating
evidence supports the notion that metabolic syndrome
is linked to various types of malignancies™*?. It is
estimated that around 20% to 25% of the world’s
adult population have metabolic syndrome, and these
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individuals are twice as likely to die and three times
more likely to have a heart attack or a stroke, compared
with those without the syndrome®.

The relationship between metabolic syndrome
and smoking has been studied for many years, with
most findings indicating that smoking is an important
cause of morbidity and mortality, worldwide!”. Earlier
studies have suggested that overall tobacco use is
associated with an increased risk of metabolic
syndrome, most likely because of the effect of tobacco
use on waist circumference, lipids, and blood pressure.
Such metabolic abnormalities may also be modulated
by the direct negative effect of smoking on insulin
resistance. Smoking has been reported to lower
high-density lipoprotein cholesterol [HDL-C] and to
increase both low-density lipoprotein cholesterol
[LDL-C] and triglycerides®.

In Korea, the prevalence of metabolic
syndrome in sustained smokers was found to be
14%"9. Studies in Taiwan and in Korea have showed a
higher prevalence of metabolic syndrome in smokers
than in those who have never smoked, and current
smoking had a significant dose-dependent association
with metabolic syndrome'"-'?. A positive relationship
has been observed between cigarette smoking and
metabolic syndrome among Thais (OR = 1.4), and the
prevalence of metabolic syndrome has been reported
as 19% among male smokers who did not drink?. In a
normal population aged 15 years and over, the
prevalence of metabolic syndrome was found to be
20.0%"¥. The present study aimed to determine the
interaction between metabolic syndrome and cigarette
smoking among moderate-to-heavy smokers in
Thailand.

Materials and Methods
Participants

The Lung Cancer Screening Program is a
prospective population-based cohort study conducted
at Chulabhorn Hospital to examine lung cancer
screening and the health effects of heavy smoking in
Thailand. The screening employs a wide range of
procedures to assess lung screening, along with
radiological, biological, sociodemographic, behavioral,
physical, and psychological factors contributing to
health and lung disease among heavy smokers.

This cross-sectional study included 679 Thai
current and former smokers aged 50 years or older who
participated in the third-year follow-up of the Lung
Cancer Screening Program between May 2015 and
February 2017. All participants completed an interview
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and were examined for weight, height, blood pressure,
and biological results of a lipid profile and fasting
glucose concentration.

Smoking habits

Information was collected on participants’
smoking habits. They were considered current smokers
if they reported having smoked at least 100 cigarettes
during their lifetime and were still smoking®.
Information on daily cigarette consumption was used
to define the amount of cigarette smoking per day (1 to
9, 10 to 19, 20 cigarettes or more) among current
smokers. Former smokers were defined as those who
had smoked at least 100 cigarettes during their lifetime
and had stopped smoking. Three types of smokers were
considered, light smokers, who smoked less than 15
packs per year [PY], moderate smokers, who smoked
15 to 29 packs PY, and heavy smokers, who smoked at
least 30 packs PY!?. Packs smoked PY was calculated
as the number of cigarettes smoked per day times years
of smoking divided by 2019

Assessment of metabolic syndrome

For metabolic syndrome, the modified
National Cholesterol Education Program’s Adult
Treatment Panel III (NCEP/ATP III)© requires the
presence of three or more of the following
characteristics, (1) abdominal obesity (waist circum-
ference greater than 90 cm in men or greater than 80 cm
in women, or BMI greater 25 kg/m? in men or greater
than 23 kg/m? in women for Asian populations); (2)
high triglyceride level (150 mg/dl or more); (3) low
HDL-C level (less than 40 mg/dl for men or less than
50 mg/dl for women); (4) high blood pressure (systolic
at 130 mmHg or greater or diastolic at 85 mmHg or
greater); and (5) high fasting plasma glucose
concentration 010 mg/dl or more). Individuals were
considered to have met the criteria for high fasting
plasma glucose concentration and high blood pressure
if they currently took blood pressure medications or
oral hypoglycemic diabetes mellitus control. Individuals
with a previous physician’s diagnosis of hypertension
or diabetes mellitus who did not report medication
use were classified as having metabolic syndrome, and
a similar approach was taken with the dyslipidemia
criteria. The measurements were based on the NCEP/
ATP III criteria using an Asian reference for the
interpretation of BMI.

Statistical analysis
The data are presented as the characteristics

J Med Assoc Thai | Vol.101 | Suppl.6 | 2018



and prevalence of metabolic syndrome among the full
sample. Individuals with and without metabolic
syndrome were compared to determine the associations
among all investigated variables using Fisher’s exact
test. These analyses included the examination of
metabolic syndrome and its components as predictors
of smoking status and level of cigarette consumption
among current smokers using logistic regression. These
models were adjusted for age, education, income,
alcohol consumption, physical activity, packs of
cigarettes smoked per year, BMI, high fasting glucose,
high triglycerides, low HDL-C, and blood pressure. The
level of statistical significance was set at p-value smaller
than 0.05 for all tests. The statistical analyses were
performed using Stata/SE version 12.1 (StataCorp,
College Station, Texas).

The protocol of this research was reviewed
and approved by the Human Research Ethics
Committee, Chulabhorn Research Institute No. 004/2559.

Results

Six hundred seventy-nine participants were
included in the study, with a high prevalence of
metabolic syndrome (49.0%) (Table 1). For the
comparison of age, sex, education, monthly income,
alcohol consumption, physical activity, smoking status,
and packs smoked per year by the criteria values of
metabolic syndrome diagnosis, the sample was divided
into two subsamples, non-metabolic syndrome [NMBS]
and metabolic syndrome [MBS], as shown in Table 2.
Smoking status was significant (p =0.001). Among the
NMBS group, 46.5% were former smokers and 53.5%
were current smokers. This is compared with 60.0%
former smokers and 40.0% current smokers among the
MBS group.

Table 3 displays the odds ratios [ORs] for
metabolic syndrome and its components predicting
smoking status (former smokers vs. current smokers).
There were negatively statistically significant
relationships between current smoking and metabolic

Table 1. Prevalence of metabolic syndrome (n = 679)

syndrome (OR = 0.58; 95% CI: 0.43 to 0.78; p-value
<0.001), BMI(OR=0.61;95% CI: 0.44 t0 0.85; p-value =
0.004), and high blood pressure (OR = 0.57; 95% CI:
0.42 to 0.78; p-value <0.001). After adjusting the
odds ratios for covariates, significant effects were found
for metabolic syndrome (OR = 0.56; 95% CI: 0.41 to
0.77; p-value <0.001), BMI (OR =0.62; 95% CI: 0.43
t0 0.89; p-value = 0.010), and high blood pressure (OR
= 0.64; 95% CI: 0.46 to 0.91; p-value = 0.012). No
significant difference was observed in the occurrence
of metabolic syndrome.

The ORs of metabolic syndrome and its
components predicting the level of cigarette smoking
among current smokers are shown in Table 4.
Statistically significant relationships were found for
high fasting plasma glucose (OR = 1.66; 95% CI: 1.03 to
2.67; p=0.039) and high triglycerides levels (OR =1.75
(95% CI: 1.07 to 2.85; p = 0.026). Analyses were
conducted with adjustments for various possible
confounders. After this adjustment, the odds of
smoking more than 10 cigarettes per day were
significantly greater among those with high
triglycerides (OR=2.97;95% CI: 1.43t0 6.13; p=0.003),
and there was little change in effect for high fasting
plasma glucose (OR =1.73;95% CI: 1.02t02.93; p=
0.042). Moreover, there was a negatively statistically
significant effect for low HDL-C (OR =0.48; 95% CI:
0.24t00.97;,p=0.041).

Discussion

The present study has demonstrated the
prevalence of metabolic syndrome among smokers in
Thailand who participated in the Lung Cancer Screening
Program, a cohort study at Chulabhorn Hospital. The
present findings show a higher prevalence than those
observed in other populations in previous
studies!"'*_ The prevalence was higher because of
age and smoking status. This study also examined the
relationship between metabolic syndrome and smoking
status. Those with metabolic syndrome had higher odds

Characteristic

Total (n = 679)

BMI >25 kg/m?(men) or >23 kg/m? (women)
FBS >100 mg/dl
Triglyceride level >150 mg/dl

HDL cholesterol level <40 mg/dl (men) or <50 mg/dl (women)

Blood pressure: S <130 and/or D <85 mmHg
Metabolic syndrome

224 (33.0%)
317 (46.7%)
397 (58.5%)
328 (48.3%)
380 (56.0%)
333 (49.0%)
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Table 2. Criteria values for metabolic syndrome (MBS) diagnosis, age, sex, education, income/month, alcohol consumption,
physical activity, smoking status, and packs smoked/year in two subsamples (MBS vs. NMBS)

Variable (BMI) Total NMBS MBS p-value
(n=3406) (n=333)

Age (years) 61.9+5.3 61.6+5.3 62.3+5.4 0.115
Men (n) 637 (93.8%) 326 (94.2%) 311 (93.4%) 0.750
Education 0.355

Primary school 138 (20.3%) 67 (19.4%) 71 (21.3%)

High school 140 (20.6%) 80 (23.1%) 60 (18.0%)

Diploma 146 (21.5%) 69 (19.9%) 77 (23.1%)

Bachelor’s degree or above 255 (37.6%) 130 (37.6%) 125 (37.5%)
Income/month 0.282

<15,000 baht 261 (38.4%) 143 (41.3%) 118 (35.4%)

15,000 to 29,999 baht 177 (26.1%) 87 (25.1%) 90 (27.0%)

>29,999 baht 241 (35.5%) 116 (33.5%) 125 (37.5%)
Alcohol consumption 0.202

Nondrinker 205 (30.2%) 114 (32.9%) 91 (27.3%)

Former drinker 151 (22.2%) 78 (22.5%) 73 (21.9%)

Current drinker 323 (47.6%) 154 (44.5%) 169 (50.7%)
Physical activity 0.784

None 382 (56.3%) 191 (55.2%) 191 (57.4%)

<3 times/week 68 (10.0%) 34 (9.8%) 34 (10.2%)

>3 times/week 229 (33.7%) 121 (35.0%) 108 (32.4%)
Smoking status 0.001*

Former smoker 361 (53.2%) 161 (46.5%) 200 (60.0%)

Current smoker 318 (46.8%) 185 (53.5%) 133 (40.0%)

Packs of cigarettes smoked/year 39.9+13.5 39.9+13.1 39.9+13.9 0.998
Data are presented as mean + SD or n (%), * p<0.05
Table 3. Odds ratios [ORs] of metabolic syndrome and its components predicting smoking status
Variable Former Current smoker

smoker
OR (95% CI) p-value Adjusted OR (95% CI)  p-value

Metabolic syndrome 1 0.58 (0.43 to 0.78) <0.001 0.56 (0.41 to 0.77) <0.001
BMI 1 0.61 (0.44 to 0.85) 0.004 0.62 (0.43 to 0.89) 0.010
High fasting glucose 1 0.94 (0.70 to 1.27) 0.704 1.05 (0.75 to 1.47) 0.771
High triglycerides 1 0.79 (0.58 to 1.07) 0.121 0.75 (0.48 to 1.16) 0.195
Low HDL cholesterol 1 0.85 (0.63 to 1.16) 0.309 1.20 (0.78 to 1.85) 0.412
High blood pressure 1 0.57 (0.42 to 0.78) <0.001 0.64 (0.46 to 0.91) 0.012

Adjusted for age, education, income, alcohol consumption, physical activity, packs of cigarettes smoked/year, BMI, high
fasting glucose, high triglycerides, low HDL cholesterol, and blood pressure

of being former smokers than of being current smokers.
The findings were consistent with the general idea that
current smokers have lower anthropometric indexes
than do former smokers"”. Several studies have shown
that individuals who quit smoking tended to increase
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their body weight'®. Additionally, metabolic syndrome
has previously been found to be more prevalent in
former smokers (48.4%), compared with active smokers
(42.7%) and non-smokers (40.0%)®. After smoking
cessation, the OR of metabolic syndrome has been
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Table 4. Odds ratios (ORs) of metabolic syndrome and its components predicting smoking levels among active smokers

Variable <10 >10 cigarettes/day
cigarettes/day
ORs (95% CI) p-value Adjusted ORs (95% CI) p-value

Metabolic syndrome 1 1.17 (0.72 to 1.89) 0.524 1.09 (0.66 to 1.81) 0.723
BMI 1 1.07 (0.63 to 1.82) 0.804 0.89 (0.48 to 91.65) 0.706
High fasting glucose 1 1.66 (1.03 to 2.67) 0.039 1.73 (1.02 to 2.93) 0.042
High triglycerides 1 1.75 (1.07 to 2.85) 0.026 2.97 (14310 6.13) 0.003
Low HDL cholesterol 1 1.01 (0.63 to 1.63) 0.954 0.48 (0.24 to 0.97) 0.041
High blood pressure 1 1.11 (0.69 to 1.78) 0.672 1.11 (0.63 to 1.93) 0.717

Adjusted for age, education, income, alcohol consumption, physical activity, BMI, packs smoked/year, blood pressure, high

fasting glucose, high triglycerides, and low HDL cholesterol

found to increase to 1.36 (95% CI: 1.16 to 1.60); this
was highest in the first five years after smoking
cessation, and subjects who smoked 20 cigarettes
per day or more before cessation had an increased risk
of metabolic syndrome for the next 20 years". Current
smoking has been shown to be mainly associated with
lower levels of HDL-C and higher levels of
triglycerides®”.

In the present study, high fasting plasma
glucose and high triglycerides levels were higher among
those currently smoking more than 10 cigarettes per
day. These findings are consistent with several previous
studies that found a positive association between
smoking and subsequent risk of diabetes®'2¥. We also
found an increased risk of high triglyceride level in
current smokers*?429, Nonetheless, in the covariate-
adjusted analysis, current smokers consuming more
than 10 cigarettes per day were 1.73 and 2.97 times
more likely to have high fasting plasma glucose and
high triglycerides levels, respectively, compared with
current smokers of fewer than 10 cigarettes per day.
Plasma triglyceride concentrations were positively
correlated with cigarette smoking®®, and a lower
level of HDL-C was found among current smokers
consuming more 10 cigarettes per day. These findings
were consistent with previous studies that found a
negative association between smoking and levels of
HDL_C(] 1 ,27,28)'

The present study had some limitations. First,
the selected sample meeting the inclusion criteria were
679 of a total of 787 participants in the Lung Cancer
Screening Program. All participants smoked or had a
history of smoking and were older individuals. Second,
the small number of women who smoke limited
statistical power and the ability to detect sex differences
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the study outcomes. Individual components of
metabolic syndrome were assessed in terms of
treatment history, drugs used, and laboratory tests,
which are strengths of this study. This study has
demonstrated that smoking has substantial negative
health consequences.

Conclusion

Smoking is associated with metabolic
syndrome, especially among heavy smokers who
currently smoke more than 10 cigarettes per day, who
have an increased risk of developing metabolic
syndrome with high fasting plasma glucose and high
triglyceride levels.

What is already known on this topic?

The prevalence of metabolic syndrome and
the relationship of smoking with metabolic syndrome
were already known. The results of this study revealed
the prevalence of metabolic syndrome and the
relationship of smoking to metabolic syndrome among
participants in an integrated lung cancer screening
program.

What this study adds?

The study adds information, raising the
awareness of the dangers of smoking that affect long-
term health and providing data to support the
prevention of chronic disease [NCD], a public health
policy in Thailand.
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