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ABSTRACT: Previous epidemiological studies support an important contribution of smoking to the
development of insulin resistance and cardiovascular diseases. In present study, we aimed to evaluate effect of
aerobic training on serum resistin in smokers, a totally twenty six sedentary male smokers were randomly
selected into experimental and control groups. Anthropometrical and fasting serum resistin were measured
before and after 10 weeks aerobic training in experimental as well as control (no training) subjects.
Comparisons of the study variables were performed between groups by one-way analysis of variance
(ANOVA). No differences in resistin concentration and anthropometrical markers were found between two
groups at baseline (p > 0.05). Significant decrease was observed after training program compared to their
respective pretest values of anthropometrical markersin experimental groups (p < 0.05). Serum resistin was
also increased by training program in experimental subjects (p = 0.012). Increased serum resistin by training
program could be attributed to high exercise intensity or cigarette smoking during exercise intervention by

smokers.
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INTRODUCTION

In addition to numerous mental and psychological
abnormalities, problems such as various kinds of
cardiovascular diseases, type 2 diabetes, respiratory and
kidney diseases, and some types of cancer are among
the serious complications resulting from smoking not
only in smokers but also in those who are around them.
The relationship between smoking and systemic
inflammation and cardiovascular diseases has been
reported numerous times [1], and release of
inflammation mediators caused by smoking has been
suggested as the factor preparing the ground for the
prevalence of many chronic and inflammatory diseases
[2,3].

Some complications resulting from smoking are
reversible, but the harmful effects of other
complications such as suppression of immune responses
by inflammation intermediaries are so severe that they
persist years after smokers quit [4]. Among the
adipocytokines, resistin is a newly discovered hormone
that is secreted by adipose tissue and plays an effective
role in the relationship between obesity and insulin
resistance [5]. Preliminary studies have shown resistin
levels rise in obese and diabetic people [5]. In this
relation, Menzaghi (2013), based on findings in her

research, supported the opinion that high resistin levels
were a risk factor for cardiovascular and other diseases
related to diabetes [6]. Moreover, it has been proved
that plasma-resistin levels are of special importance in
the prevalence and severity of gestational diabetes
because of their rolein insulin sensitivity and resistance
[7, 8]. Researchers have also supported reports that
resistin levels rise in smokers [9], and it has been
reported that there is a negative relationship between
resistin and spirometric indices in smokers [10], which
somewhat supports the idea that resistin plays arole in
respiratory function and airway resistance in smokers
and in other respiratory diseases such as asthma [10].
Nevertheless, some scientists have reported resistin is
not related to other inflammatory markers such as CRP
and homocysteine in smokers [11].

Despite the fact that a considerable number of studies
have been carried out, limited research has been
conducted on resistin response to various training
programs in smokers. Moreover, scientific findings in
other healthy or sick populations are contradictory to
some extent so that those of a recent study showed a
significant reduction in serum resistin levels following
12 months of aerobic training by obese people [12].
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However, in another study, concentration of this
intermediary peptide did not significantly change after
14 months of training [13]. Some other studies have
also observed significant reductions in serum resistin
levels in the absence of significant decreases in body
weight [14]. Based on contradictory observations
regarding resistin response to training programs in other
populations, and since limited research has been carried
out on smokers, this study was conducted to determine
what effects 10 weeks of aeraobic training had on serum
resistin levelsin male smokers.

MATERIALSAND METHODS

Twenty six sedentary male smokers matched for age
(35-45, aged) were randomly assigned to either a 10
weeks aerobic training group (experimental, n = 13) or
a control group (no training, n = 13). The study
protocol was approved by the ethics committee of
Islamic Azad University and written informed consent
was obtained from all participants. Subjects were
excluded if they had not a chronic disease and able to
participate in exercise training. A smoker is defined as a
regular cigarette at least for 3 years. All subjects had
not participated in regular exercise/diet programs for
the preceding 6 months.

A. Anthropometry

Anthropometric measurements (body height and
weight, waist and hip circumference) were performed
with the subjects wearing light underwear and without
shoes. Body weight and height were measured on the
same day to the nearest 0.1 kg and the nearest 0.1 cm,
respectively. Abdominal circumference and hip
circumference were measured in the most condensed
part using a non-elastic cloth meter. BMI was
calculated as weight (kg)/height (m2). Blood pressure
(BP) was measured with a mercury tensiometer at the
right arm, with elbow flexed at heart level with the
subject in a seated position after 5 minutes of rest. Two
measurements were made every 1 minute and the
average of two measurements was used for analysis.

B. Blood samples and training program

All anthropometrical measurements were repeated after
training program. Blood samples were also collected
before and after (48 hours) intervention. Blood was
obtained after a overnight fat between the hours of 8 to
9 am and used to serum resistin. Serum was
immediately separated were stored at 70 °C until
biochemical analyses were performed.
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Exercise program lasted 10 weeks and subjects asked to
participate in a set of exercises 3 days a week that
supervised by a trained exercise physiologist. Exercise
session involved a warm-up then a 45-60 min aerobic
training at a work intensity of 60-80% of peak heart rate
followed by a cooling-down period. Main exercise in
each session was walling on running at mentioned
intensity. The exercise intensity at first week was 60 %
of Max heart rate that graduate increased at lasted
sessions of exercise program.

C. Satistical analysis

All statistical analyses were performed through the use
of a statistical software package (SPSS, Version 15.0,
SPSS Inc.,, IL, USA). The Kolmogorov-Smirnov test
was applied to determine the variables with normal
distribution. One way analysis of variance was used to
determine whether the changes in the outcomes were
significantly different between groups. A criterion alpha
level of P < 0.05 was used for all statistical
comparisons.

RESULTS

Our study objective was to assess effects of ten weeks
aerobic training on serum resistin in males smokers.
This study involved experimental and control subjects.
At baseline, there were no significant differences in
anthropometrical markers between two groups (p =
0.05). No difference was also observed between two
groups with regard to serum resistin at baseline (p =
0.764).

Anthropometrical and blood chemistry parameters
during experimental protocol of control groups are
shown in Table 1. Anthropometrical markers were not
significantly changed after 10 weeks no training in
control subjects (p — 0.05).

Table 2 shows the changes in body weight, other
anthropometrical markers and serum resistin - of
experimental group. Based on data of statistical
analysis, al anthropometrical markers such as body
weight, body mass index, body fat percentage,
abdominal circumference decreased significantly by
aerobic training in experimenta subjects when
compared with their pretest values (p < 0.05).

Aerobic training was also resulted in significant
increase in serum resistin in experimental group (from
3.02+/-1.89 ng/ml to 4.74+/-2.04 ng/ml, p = 0.042) but
this adipocytokine remained unchanged in control
subjects (p = 0.793) (Fig. 1).
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Table 1: The descriptive anthropometric markersand resistin before and after training program

of experimental group.

Variables Pre-training Post-training
Age (year) 412+68 -
Height (cm) 1758+3 e
Systolic pressure (MmHG) 132+9 125+ 8
Diastolic pressure (mmHG) 88+8 86+7
Weight (kg) 92.2+5.26 88.2+5.33
Abdominal circumference (cm) 101.8+7.1 96.9+6
Hip circumference (cm) 102+ 54 96.8+ 4.8
Body massindex (kg/m?) 30+214 28.6+2.14
Body Fat (%) 289+2.25 27.1+1.74
Resistin (ng/ml) 3.02+1.89 474+ 2,04

Table 2: The descriptive anthropometric markersand resistin before and after intervention (no-

training) of control group.

Variables Pretest Post-test
Age (year) 108+35%6 -
Height (cm) 1754+21 -
Systolic pressure (MmHG) 134+ 14 130+9
Diastolic pressure (mmHG) 0+7 88+8
Weight (kg) 90.9+5.91 89.7+5.35
Abdominal circumference (cm) 100+ 5.2 99+4.8
Hip circumference (cm) 100+ 5.6 99+5.8
Body massindex (kg/m?) 295+ 1.76 29.2+1.68
Body Fat (%) 28.7+1.6 285+ 1.7
Resistin (ng/ml) 32+11 31+13
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Fig. 1. Serum resistin before and after intervention in two groups.
Aerabic program resulted in significant increase in serum resistin in
experimental group.
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DISCUSSION

Ten weeks of aerobic training significantly increased
serum-resistin levels in male smokers and led to
significant reductions in body weight. As was
previously mentioned, some complications resulting
from smoking persist even years after smokers quit. In
this regard, findings of a study showed that some
inflammation intermediaries such as CRP remained at
high levels even 10 to 20 years after smokers quit,
although some changes resulting from smoking were
reversible after smokers quit [7].

Contrary to rodents, resistin in humans is expressed in
large quantities in macrophages and its expression
increases in response to various proinflammatory
stimulants such as lipopolysaccharides, TNF-a, IL-6,
IL-1B, and resistin itself, which points to the role
resistin plays in inflammation in humans [15, 16, 17].
Since there is a direct relationship between resistin
levels and obesity, and aso because studies have
pointed to higher resistin levels in obese people
compared to those with normal body weights [5, 18], it
is expected reductions in body weight will be
accompanied by reduced levels of resistin or other
inflammation intermediaries. However, in this study,
serum resistin significantly increased in response to the
training program while there were significant
reductions in body weight and body fat percentage. In
this regard, some recent research has reported only
those training programs influence levels of
inflammatory cytokines that are accompanied by
significant reductions in body weight [19], while it has
been reported in other studies that levels of these
cytokines do not change even when body weight
decreases following long training programs [20].
Among recent observations, a study that was conducted
recently found serum-resistin levels significantly
decreased following 12 weeks of aerobic training by
obese people [12], while in another study serum levels
of this peptide intermediary did not significantly change
after 14 weeks of training [13]. Some other studies have
also reported significant reductions in resistin levels
without any significant decreases in weight [14], but
still in other studies serum-resistin levels significantly
declined following long-term aerobic training while
levels of other cytokines such as adiponectin and leptin
[21) and CRP [22] did not change. Changes in serum
resistin levels of smokers in response to training
programs may also be independent of changes in body
weight, as was pointed out in a recent study that found
serum- resistin levels were independent of BMI [11].
Considering the existing contradictions, there is yet no
consensus regarding the effects of aerobic training,
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especially long term aerobic training, on levels of these
cytokines in various populations, and a genera
summing up of this point seems to be somewhat
difficult. Nevertheless, the main  mechanisms
responsible for the relationship between resistin and
smoking have not been found yet. Increased resistin
levels following training programs may be attributed to
the fact that people participating in these intensive
programs used to lead inactive lifestyles before the
programs started. Moreover, this study was carried out
just to determine the effects of the training programs on
serum resistin levels, because the participants did quit
smoking. Therefore, the rise in resistin levels may have
been due to the combination of intensive training
programs and smoking during the duration of the
programs. Another possible mechanism for the
increased resistin levels in response to the training
programs may be attributed to the role this hormone
plays in the antioxidant defense systems in the human
body, because this hypothesis was put forward that
resistin responded as an antioxidant to inflammatory
stimulants [23]. These increases in serum levels of
resistin in response to training programs were aso
attributed to this possible mechanism in the study
Rashid Lemir et al. conducted in 2011.
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