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Abstract

Body mass index (BMI), waist circumference (WC), serum triglyceride (TG) and HDL-cholesterol (HDL-
C) concentrations are evaluated together in calculation of visceral adiposity index (VAIl), is a newer
described index. We aimed to investigate the relationships of smoking and/or alcohol intake and VAl in
healthy adult men in this study. For this purpose 96 healthy adult men were included to the study and
divided into four groups; 52 both non-smokers and non-drinkers (Group NSNA), 21 smokers (Group S),
9 drinkers (Group A) and 14 both smoker and drinker (Group SA). Serum concentrations TG and HDL-
C, body weight and waist circumference were measured, then BMI and VAI were calculated. VAI, TG
and HDL-C were significantly different between the groups (p values were 0.002; 0.008 and 0.044
respectively). VAI, TG and HDL-C were significantly different between Group NSNA and SA (p values
were 0.001; 0.004 and 0.035 respectively). There was no significant correlation between cigarettes
smoked per years and VAl in smokers. The rise of VAl is associated with both alone alcohol intake and
smoking and alcohol intake together. VAl may be lower, in case of absence of both smoking and
drinking, non-elevated VAI may be seen in smokers due to lower TG.
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INTRODUCTION

Several parameters have been used to appraise the
obesity such as body mass index (BMI), body adiposity
index, waist circumference (WC), waist circumference to
hip circumference (WHR), waist circumference to height
ratio (WHtR) and visceral adiposity index (VAI) (Athyros
et al., 2010; Karakas et al.,, 2012; Lee et al., 2008;
Amato et al., 2010). VAI, is a newer described index.
BMI, WC, triglyceride (TG) and HDL-cholesterol (HDL-C)
were evaluated together in calculation of VAI It has
been proposed as a surrogate marker of adipose
tissue dysfunction. It is independently correlated with
cardiometabolic risk and thought to be capable
of indicating both fat distribution and function. VAI is
an indicator of visceral fat dysfunction independently
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associated to coronary heart disease, myocardial
infarction, transient ischemic attack, ischemic stroke and
Diabetes Mellitus (Athyros et al., 2010; Karakas et al.,
2012; Lee et al., 2008; Amato et al., 2010; Du et al.,
2013).

Cigarette smoking is the greatest preventable cause
of health disability and premature mortality around the
world (Doll et al., 2004; Hozawa et al., 2004; Kamsa-Ard
et al., 2013). Alcohal intake is one of the top five risk
factors for global burden of disease, particularly in
developed nations, and poses increased risk for all-
cause mortality (Di Castelnuovo et al., 2006).

The effects of smoking and alcohol intake on some
obesity indices and biochemical parameters have been
demonstrated in previous studies (Hata and Nakajima,
2000; Xu et al., 2007; Brandhagen et al., 2012; Slagter
et al, 2013). The present study was designed to
determine the effects of cigarette smoking and/or alcohol
intake on the VAI in healthy adult men.
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MATERIALS AND METHOD

This study was designed in Departments of Medical
Biochemistry and Endocrinology in Kahramanmaras
Sutcu Imam University Hospital. All subjects gave
informed consent and the study protocol was approved
by the local ethics committee. Patients with acute
infection, neoplasia, previous stroke and Ml history, DM,
hypertension, thyroid disorders, taking drugs such as
vitamins, anti-inflammatory agents or antibiotics were
excluded from the study. All subjects were examined
physically. Age, height, weight, WC, alcohol intake and
smoking status were recorded.

Participants were grouped in three different forms.
Firstly, neither smoker nor drinkers were grouped as
Group NSNA (n=52); only smokers as Group S (n=21);
only drinkers as Group A (n=9) and both smoker and
drinkers as Group SA (n=14). Secondly, they were
grouped as MetS (Metabolic Syndrome) and non-MetS,
with regard to a cut off level of VAI (14). Thirdly, they
were grouped according to BMI as normal’s (BMI <25
kg/m?); overweights (255 BMI>29.99 kg/m?) and obeses
(BMI 230 kg/m?).

Height, body weight (BW) and WC were measured
and BMI and VAI were calculated (Amato et al., 2010)
(VAI was calculated after biochemical analysis).

BMI= BW/height?

VAI=[WC/(39.68+1.88xBMI)]X[TG(mmol/L)/1.03]x[1.
31/HDL-C(mmol/L)] (for males)

Participants were asked to refrain from smoking for
12 h and abstain from alcohol for 3 days prior to the
blood sampling. After an overnight fasting, blood was
drawn from ante-cubital vein. Serum was separated by
centrifugation for 1700 g, 10 min at +4 degrees within 10
min of sampling and the samples were stored at -70
degrees until the analysis. Serum TG and HDL-C
concentrations were determined with commercial kits
and auto-analyzer (Advia 1800 Chemistry System,
Siemens, NY 10591-5097 USA).

Data were analyzed in SPSS program 15.0 (SPSS
Inc, Chicago, IL, USA). For comparison Kruskal-Wallis,
Dunnett tests, Pearson’s and Spearman’s correlation
tests were used as appropriate. Statistical significance
was assumed when the p-value was less than
0.05. Results were expressed as the meanzSD and
percent.

RESULTS

The meantSD age of participants was 23.8+3.0 (ranges
were 18-28). 19 persons (19.85 %) were MetS, 77 (80.2
%) were non-MetS (according to the cut off level of VAI
described by Amato et al. 2011), 67 (69.8 %) were
normal, 24 (25 %) were overweight and 5 (5.2 %) were
obese. All smokers were light smokers (<20 cigarettes
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per day). Biochemical and anthropometric data of groups
according to smoking and alcohol intake were
summarized in table 1.

The rate of MetS was significantly higher in Group A
and Group SA than in other groups. (p<0.05). The rate
of normals was significantly lower and the rate of obeses
was significantly higher in Group SA than in other
groups. In addition the rate of overweights was
significantly lower in Group NSNA (p values were <0.05)
(Table 1).

There were no significantly differnece in BMI and
WC (p >0.05). However, VAI, TG and HDL-C were
significantly different between the groups (p values were
0.002; 0.008 and 0.044 respectively). According to post
hoc test (Dunnett test), VAI, TG and HDL-C were
significantly different between the Group NSNA and SA
(p values 0.001; 0.004 and 0.035 respectively). In
addition, VAl and TG were significantly different between
the Group S and SA (p values 0.004; and 0.005
respectively) (Table 1). There was no significant
correlation between cigarettes smoked per years and
VAl in Group S and SA.

DISCUSSION

According to the cut off level of VAI (Amato et al., 2011),
we found that the rate of MetS was significantly higher in
Group A and Group SA than in other groups. Since VAI
is a newer index, there are no studies in the literature
commenting on direct association of VAI with smoking
and/or alcohol intake. However, relations between
smoking and parameters using in calculation of VAI
investigated in many previous studies and various
results were obtained. In a cohort study Slagter et al.
have reported that smoking is associated with lower
HDL-C, higher TG and WC and an increased prevalence
of MetS, independent of sex and BMI class (Hata and
Nakajima, 2000; Slagter et al., 2013).

On the other hand, some studies have reported
contrary results. It has been reported that smokers had
lower WC, body fat percentage, and BMI compared with
non-smokers (Chatkin and Chatkin, 2007; Clair et al.,
2011; Mieczkowska et al.,, 2012). Xu et al. 2007
established that cigarette smoking was negatively
associated with BW indicated by BMI but not with central
obesity indexed by WC in Chinese men.

In our study, significant differences were found in
VAI and biochemical parameters (TG and HDL-C)
between the groups. However other parameters of VAl
(BMI and WC) were not different between the groups. In
this study, the difference in VAl is due to TG and HDL-C.
Slagter et al. have reported that smoking is associated
with lower HDL-C (Slagter et al., 2013).

TG was lower in Group S, Lower TG may be
caused by increase of basal metabolic rate due to
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Table 1. Demographic and biochemical data of groups according to smoking and alcohol intake

parameters Group NSNA Group S Group A Group SA p values
(n=52) (n=21) (n=9) (n=14)

Age. year 23.9£3.0 23.4+2.9 22.7+3.3 23.8+3.0 0.637

Light smokers. % 0 100 0 100

Heavy smokers. % 0 0 0 0

Smoking. pack-years 0 3561204 0 4391158

MetS. n (%) 7 (13.5) 2 (9.5 2 (22.2) 8 (57.1) 0.008

Normals. n (%) 40 (76.9) 15 (71.4) 6 (66.6) 6 (42.9) 0.235

Overweights. n (%) 10 (19.2) 6 (28.6) 3(33.3) 5 (35.7) 0.034

Obeses. n (%) 2(3.8) 0(0) 0(0) 3(21.4) 0.007

BMI. kg/m? 23.7£3.3 23.3+2.5 24.7+3.1 25.8+3.8 0.105

VAI 1.52+0.87 1.52+0.88 2.40+1.97 2.74+1.30 0.002

WC. cm 87.8+10.9 87.1+9.9 89.1+9.5 94.4+12.4 0.160

Triglyceride. mg/dL 101.1+43.2 95.4+40.1 142.1+85.0 151.0+60.8 0.008

HDL-C. mg/dL 41.3+8.1 39.249.1 38.4+8.8 34.8+9.4 0.044

Abbreviations: BMI. body mass index; HDL-C. high density lipoprotein cholesterol; MetS. metabolic syndrome; VAI. visceral

adiposity index; WC. waist circumference

hypercatecholaminemia and decrease of appetite.
Cigarette smoking is accompanied by
hypercatecholaminemia (Zevin et al., 2001). The

inhalation of nicotine acutely raises the levels of
dopamine and serotonin in the brain, reducing the need
for energy intake and consequently suppressing appetite
(Klein et al., 2004; Hussain et al., 2012). In addition
nicotine has a direct effect on adipose tissue metabolism
causing a higher oxidation of lipids. Which help explain
the fact that TG is lower in smokers than in non-
smokers. Body weight tends to be lower among smokers
than among non-smokers. Smoking cessation results in
an increase in body weight (Klein et al., 2004; Hussain et
al., 2012; Filozof et al., 2004; Ferrara et al., 2001;
Nikoloutsou et al., 2014). As a result VAI may be found
as non-elevated in smokers. Smoking itself is a cause of
health disability and premature mortality (Hozawa et al.,
2004; Kamsa-Ard et al., 2013). It increases the risk of
metabolic syndrome diabetes and these factors increase
risk of cardiovascular disease (Chiolero et al., 2008).
Non-elevated VAI doesn’t mean that there is no risk for
health disability and premature mortality in smokers.

We found no significant correlation between
smoking pack-years and VAI. Kim et al. found that while
BMI and total body fat percentage were not associated
with smoking pack-years, abdominal and visceral obesity
were associated with it (Kim et al., 2012). Clair et al.
2011 reported that while WC and body fat increased with
cigarettes smoked per day. There was no relation
between cigarettes smoked per day and BMI. Among
smokers, cigarettes smoked per day were positively
associated with central fat accumulation. In our study,
TG, HDL-C, WC, BMI and VAl were not significantly

correlated with smoking pack-years. These results may
resource from features of study population for example
all smokers were light smoker or other factors such as
diet exercise and age.

Findings obtained from previous studies on the
effects of alcohol consumption on biochemical and
anthropometric parameters are clearer and support our
findings about higher VAI in drinkers. Hata and Nakajima
2000 have reported that drinking elevated triglycerides
by a mean of 10 mg/dl and also HDL-C by 2.5 mg/dl.
Wakabayashi 2013 has reported that the ratio of TG to
HDL-C (TG/HDL-C). TG and WC were significantly
higher in drinkers than in non-drinkers. Brandhagen et
al. 2012 found that alcohol intake was positively related
to central and general obesity in men.

VAl is 1 in healthy non-obese subjects with normal
serum TG and HDL-C levels and normal fat distribution
(Karayannis et al., 2012). In case of lower HDL-C, higher
TG and WC, VAl is expected to be found as markedly
higher. So, these parameters are evaluated together by
VAI. From 10% to 20% of obese people (according to
BMI), do not show the metabolic changes common in
obese patients. These metabolic changes elevate
hepatic enzymes, HDL-C, TG to HDL-C ratio and
decrease insulin sensitivity etc. These patients are
classified as “metabolic healthy obese” (MHO) persons.
On the other hand, some of non-obese patients have
these metabolic changes. They were classified as
“metabolic unhealthy non-obese” (MUNO) persons
(Griera Borrés et al., 2013; Messier et al., 2010). In our
study all of these parameters and the rates of MHO and
MUNO persons weren’t considered. However, we can
hypothesized that there is an association between the



rate of MUNO and non-elevated VAI and smoking may
play a central role in both conditions. This hypothesis
needs to be corrected.

Limitations

Participants were not considered by means of exercise
and diet. None of the subjects were heavy smokers and
alcohol consumption was not degreed. As all participants
were men, sex differences were not taken into
consideration about studied subjects.

CONCLUSION

We concluded that even though elevated VAI was
associated with alcohol intake alone. there were no
association and correlation between the VAI and
smoking alone. However. smoking and alcohol intake
were together associated with higher VAI and increased
rate of MetS and obesity. This result is due to higher TG
and lower HDL-C. In case of absence of both smoking
and drinking. VAI and MetS rate may be found lower.
Smoking alone may suppress the elevation of VAI due to
hypercatecholaminemia and non elevated serum
triglyceride level. In this condition to management of
alone VAI may be insufficient to estimate the
cardiometabolic risk.
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