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Abstract
Previous studies have shown that nicotine can affect beta cell 
function and insulin secretion in cigarette smokers. The aim of 
present study was to evaluate the effect of 10 weeks aerobic 
exercise on insulin and beta cell function in smokers. In this semi-
experimental study with pre and post-training design, a total of 
36 adult smoker men aged 41±2.5 years were selected into either 
exercise (n=18) or control (n=18) groups. Exercise participants 
underwent a 10-weeks supervised aerobic training intervention (3 
days/weeks for 45-60 min at 60-80% HR max). Pre (baseline) 
and post training of fasting glucose, insulin serum and beta cell 
function were measured of two groups. Aerobic intervention 
resulted in significant decrease in fasting glucose. In addition, 
aerobic training induced a significant increase beta cell function 
and serum insulin in exercise group. The control group exhibited 
no significant change in any variables. Long term aerobic training 
is associated with improvement in glycemic profile in male’s 
smoker. The benefits effect of aerobic intervention on glucose 
homeostasis in cigarette smokers may be attributed to improved 
beta cell function. 
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Introduction
Smoking is rapidly increasing worldwide and is 
considered as one of the most effective markers 
in the prevalence of chronic diseases such as 
atherosclerosis, respiratory and cardiovascular 
diseases, and other chronic diseases [1-3], as 
chronic diseases such as asthma and diabetes 
are the long-term consequences of it. It has 
been shown that smoking due to multiple 
systems leads to an increase in IgE and the 
spread of atopic and asthmatic diseases, which 
is associated with hyperactivity of macrophages 
and dendritic cells [4].
On the other hand, although scientific sources 
have introduced several factors affecting the 
prevalence of type II diabetes, such as increased 

fat intake, inactivity and decreased physical 
activity, obesity, and inheritance [5], recent 
studies have also strongly supported the rise in 
the prevalence of type II diabetes in smokers 
and even those who are exposed to smoke 
[6]. Smoking can lead to decreased insulin 
sensitivity in diabetic patients or non-diabetic 
individuals [7]. Compared to non-smokers, 
the body of smokers is less sensitive to 
insulin, and it is interesting that r a few weeks 
or months after quitting it, this sensitivity 
returns. Cigarette smoking is also associated 
with central obesity which is main factor 
contributing to increased insulin resistance 
[8]. Apart from the effect on insulin function 
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in target tissues, new studies have also revealed 
beta-cell damage in response to smoking [9]. On 
the other hand, the decrease in the synthesis and 
release of insulin from pancreas beta cells leads 
to lower systemic insulin levels in smokers than 
non-smokers, which in turn leads to an increase 
in glucose and glycosylated hemoglobin [10]. 
Hence, it seems that developing appropriate 
strategies aimed at increasing insulin release 
from the pancreas is associated with the 
reduction of glucose levels in smokers. In this 
regard, although no studies have ever been 
conducted directly on smokers, some studies 
have reported the increase in beta cell function 
and serum insulin levels in response to exercise 
training in non-smoker populations. In the study 
of Eizadi et al. for example, 3 months of aerobic 
training led to a significant increase in beta-
cell function along with decreased circulating 
glucose levels in type II diabetic men [11]. It 
has been also speculated that regular exercise 
training not only by decrease insulin resistance 
but also by increased mass and beta cell function 
can be improve glucose homeostasis [12]. In 
study by Bolem et al. beta cell function increase 
by 7 aerobic exercise sessions in elderly males 
with impaired glucose tolerance [13]. However, 
in a study by Maltai et al. 4 months resistance 
training did not lead to changes in glucose and 
insulin levels in overweight elderly men [14]. 
Some other studies have also supported the 
increased beta cell function and insulin levels 
in response to various exercise methods such 
as aerobic or resistance exercises in overweight 
people [15]. Based on these conflict reports in 
other populations and no study that directly 
examined the effect of aerobic training on the 
pancreas beta cells, fasting glucose, and insulin 
levels in smokers, this study set to determine the 
impact of 10 weeks of aerobic training on the 
performance index of beta cells and glucose in 
inactive male smokers.

Method
In this semi-experimental study with pre 
and post-training design, thirty six inactive 
adult smoker men matched according to 
age and weight were selected first through 

purposeful sampling and then divided into 
exercise (aerobic training,10-weeks, 3d/wk 
n=18) and control (n=18) group based on 
random allocation using a Table of random 
numbers. (Parand, Iran, Fall). The protocol 
was conducted with the approval the ethics 
committee of Islamic Azad University, Iran. 
Sample size was decided determined to 
Equation 1.

Prior the interventions, the purpose of study 
were detailed and all participants freely read and 
informed consent. The main inclusion criteria 
for participate was cigarette smoking at least 
for 3 years. All participants were non-alcoholic 
and inactive (they had not been involved in 
regular physical activity in the previous 6 
months). None of the participants had a history 
of injury that would prevent exercise. Those 
with history of chronic diseases (asthma, 
metabolic syndrome, diabetes, cardiovascular 
or other diseases) were also excluded from the 
study.
Weight and height were measured by same 
person to the nearest 0.1kg and the nearest 0.1 
cm, respectively. The BMI was calculated for 
each individual as the weight (in kilograms) 
divided by the height (in square meters). 
Abdominal circumference was measured in 
the most condensed part using a non-elastic 
cloth meter. Visceral fat and body fat (%) was 
determined using body composition monitor 
(OMRON- BF 508, Finland). Each of these 
measurements was conducted three times and 
the average was reported.
Study design illustrated consisted of running 
exercise training thrice weekly at 60-80% 
HRmax lasted for 10-week (11, Modified). The 
running protocol had been done by participants 
after warmed-up (5-10 min). To prevent high 
stress and perform overload principle, exercise 
sessions volume was progressively increased 
from 15 to 45 minutes and exercise intensity 
was gradually increased from 60 to 80 (%)
HRmax. To completely accurate the exercise 
training protocol effects, participants were 
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asked to do not take part in other exercise 
training. 
Pre and post training of fasting blood samples 
were obtained to measure biochemical variables 
of 2 groups. So that, blood samples were obtained 
following a 12-hour overnight fast (8:00–9:00 
a.m.) before and 48 h after lasted exercise 
session with regard to measure serum insulin 
and glucose of all participants. All participants 
were asked to avoid doing any serious physical 
activity for 48-h before blood sampling. Blood 
samples were dispensed into EDTA-coated tubes 
and centrifuged for separate serum and aliquots 
stored at -80 °C until biochemical analyses 
were performed. Glucose concentration was 
determined by the glucose-oxidase method 
(Pars Azmoon, Tehran). Insulin was determined 
by ELISA method (Demeditec, Germany) and 
the intra- assay and inter-assay coefficient of 
variation of the method were 2.6% and 2.88 

respectively. Beta cell function was calculated 
using fasting insulin and glucose levels [16].
Data analysis: SPSS-16 (SPSS, Chicago, 
IL, USA) used for statistical analyses of all 
variables. Kolmogorov-Smirnov normality 
test used to analyze normal distribution of the 
data, subsequent analysis was independent and 
paired sample t test. Independent sample T-test 
was used to compare all variables between two 
groups at baseline. Paired sample t test was used 
to determine the mean differences between pre 
and post-training values of each variable. A 
p-value<0.05 was considered significant.

Results
Based on independents T test, there were no 
statistically significant differences between 
the exercise and control participants with 
regard to anthropometrical and clinical 
characteristics at baseline (p>0.05, Table 1).

Table 1 Mean and standard deviation of anthropometrical and clinical 
characteristics at pre and post training in studied groups
Variables Exercise group Control group Sig
Age 40.7 ± 2.41 41.3 ± 2.56 0.782
Weight (kg) 93.68 ± 4.04 94.01 ± 3.59 0.542
AC (cm) 101.4 ± 6.1 101.5 ± 6.13 0.635
Body fat (%) 30.6 ± 1.23 30.57 ± 1.25 0.523
BMI (kg/m2) 30.7 ± 1.26 30.68 ± 1.15 0.363
Visceral fat 12.3 ± 1.29 12.5 ± 1.68 0.549
Glucose (mg/dl) 124 ± 34 122 ± 33 0.853
Insulin (µIU/ml) 6.03 ± 1.11 6.09 ± 2.01 0.469
Beta cell function 
(BF-HOMA) 42.07 ± 5.94 44.4 ± 7.92 0.645

;AC: abdominal circumference; BF: body fat percentage
BMI: body mass index

Anthropometric characteristics of the 
study participants, before and after aerobic 
intervention are described in Table 2. 
Compared to pre training, exercise group 
obtained significant decreases in body weight, 

visceral fat (p<0.001), body fat percentage 
(p<0.001) and the other anthropometrical 
indexes in exercise group (p<0.05) but these 
variables remained without changed in control 
participants (p>0.05)  (Table 2).

Table 2 Mean and standard deviation of anthropometrical characteristics at pre and post training in studied groups

Variables                  Exercise group
Pre-training         post-training        Sig

              Control group
Pre-train                 post-training             Sig 

Weight (kg) 93.68 ± 4.04 91.95 ± 4.32 <0.001 94.01 ± 3.59 94.2 ± 3.31 0.264
AC (cm) 101.4 ± 6.1 99.3 ± 5.9 0.001 101.5 ± 6.13 101.8 ± 5.86 0.430
Body fat (%) 30.6 ± 1.23 29.6 ± 1.48 <0.001 30.57 ± 1.25 30.5 ± 1.18 0.847
BMI (kg/m2) 30.7 ± 1.26 30.1 ± 1.31 <0.001 30.68 ± 1.15 30.7 ± 1.09 0.260
Visceral fat 12.3 ± 1.29 10.3 ± 2.68 0.21 12.5 ± 1.68 12.3 ±2.41 0.459
AC, abdominal circumference; BF, body fat percentage; BMI, body mass index
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Based on what is noted, this study aimed to 
determine whether beta cell function, insulin 
and fasting glucose was altered with an aerobic 
training intervention in cigarette smokers. 
Table 3 presents the pre and post training 
circulating levels of serum insulin, glucose and 
beta cell function of two groups. 
The difference between pre and post training for 
each variable (delta) were measured, and then 
compare them between the two groups with 
the Independent T test. Data showed significant 
difference between 2 groups with regard to delta 
of beta cell function (p=0.025), insulin (p=0.037) 
and glucose (p=0.001). 

In the following, paired sample T test was 
used to determine intra-group differences for 
each variable. Based on data, aerobic training 
induced significant increase in beta cell function 
compared with pre-training in the exercise group 
(p=0.021) but this variable remained unchanged 
in the control participants (p=0.441, Figure 1). 
We observed a significant increase for serum 
insulin by aerobic training in exercise group 
(p=0.041, Figure 2) but not in control group 
(p=0.614). Compared to pre-training, glucose 
concentration decreased significantly (p=0.005, 
Figure 3) after aerobic intervention but was not 
changed in control participants (p=0.453).

Table 3 Circulation level of clinical characteristics at pre and post training in studied groups (Mean ± SD).

Variable              Exercise group
Pre-training         post-training          Sig

             Control group
Pre-training          post-training           Sig

Glucose (mg/dl) 34 ± 124 32 ± 106 0.005 33 ± 122 25 ± 120 0.453
Insulin (µIU/ml) 1.11 ± 6.03 2.36 ± 7.48 0.041 2.01 ± 6.09 1.68 ± 6.29 0.622
Beta cell function
(BF-HOMA) 5.94 ± 42.07 8.63 ± 67.5 0.021 7.92 ± 44.4 9.81 ± 46.9 0.621
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Figure 1 Pre and post training of beta cell function in 
studied groups. Aerobic training resulted in significant 

increase in beta cell function in exercise group 
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Figure 1 Pre and post training of serum insulin in 
studied groups. Aerobic training resulted in significant 

increase in serum insulin in exercise group 
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Figure 1 Pre and post training of fasting glucose in 
studied groups. Aerobic training resulted in significant 

decrease in fasting glucose in exercise group

Discussion
An increase in the function of beta cells in response to aerobic intervention is the main 
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result of the current study. In other words, 10 
weeks of aerobic exercise, three sessions per 
week, led to a significant increase in beta cell 
function in smokers who had previously had an 
inactive lifestyle. On the other hand, reduction 
of fasting glucose levels and increased serum 
insulin are other outcomes. These findings are 
reported while none of the so-called variables in 
the control subjects, who did not participate in 
the exercise program, showed any meaningful 
changes. In this regard, although no research 
has been reported on smokers, some studies 
have supported the beneficial effects of exercise 
trainings on blood glucose levels, insulin 
sensitivity, and beta cell function in healthy or 
patient non-smoker populations.
For instance, in the study by Solomon et al., 12 
weeks of aerobic training led to a significant 
decrease in fasting glucose and glycosylated 
hemoglobin and 90% increase in insulin 
sensitivity in type II diabetic patients [17]. These 
researchers also introduced improvements in 
the beta cell function in response to aerobic 
intervention as a key indicator of improving 
glycemic control. Malin et al. suggested an 
improvement in beta cell function in prediabetic 
individuals with low insulin secretion requires 
exercise trainings with long-term periods 
[18]. In contrast, Marquis et al. suggested that 
9 months of periodic and resistance training 
combined with the Mediterranean diet did not 
lead to a change in the function of beta cells and 
glycosylated hemoglobin in middle-aged obese 
participants [19].
In line with the present findings, other studies 
have also reported the role of different training 
practices, such as running on treadmill and 
swimming in maintaining the mass and function 
of beta cell [14,20]. Scientific sources state 
that exercise training increases beta cell mass 
by hyperplasia, and hyperplasia results from 
increased beta cell proliferation and decreased 
apoptosis [21]. Solomon et al. also attributed 
improvements in glycemic profile and beta cell 
function following a 12-week aerobic training in 
patients with type II diabetic to 66% reduction in 
first-phase insulin secretion and 46% reduction 
in second-phase insulin secretion [17]. Despite 

the evidence that supports the increase in the 
function of beta cells in smokers, the findings 
of a recent study showed that stopping cigarette 
smoking for 3 months would improve both 
insulin resistance index and beta cell function 
in male and female smokers [22].
A study on American populations revealed the 
prevalence of hyperinsulinemia in smokers 
compared with non-smokers [23]. It should 
be noted that the researchers found that 
hyperinsulinaemia in smokers was limited to 
fasting insulin levels, not other times of the 
day [24]. On the other hand, the increase in 
nicotine from cigarette leads to the destruction 
and death of beta cells. It has been shown that 
nicotine affects beta cells directly or indirectly 
through the parasympathetic ganglia [22]. 
Studies on animal and in vitro experiments have 
also indicated that exposure to nicotine leads 
to destruction and loss of beta cells [25,26]. 
In rabbits, increasing nicotine concentration 
inhibits glucose-induced insulin secretion, 
while low nicotine levels stimulate insulin 
release from pancreas beta cells [27]. The 
findings of Bhattacharjee revealed that 21-day 
supplementation of vitamin B12 and folic acid 
in Wistar rats led to the reduction of oxidative 
stress in cells as an important step in improving 
nicotinic cell damage, and it also improved 
the function of cells in the rats’ pancreas and 
inhibited the secretion of pre-inflammatory 
mediators [9]. It was noted that folic acid and 
vitamin B12 supplementation improves the 
function of beta cells by inhibiting nicotinic 
degradation factors in beta cells and reducing 
the production of free radicals, TNF-α and 
IL-6 and changing oxidative stress conditions 
and reducing cell death.
Although some studies have indicated that the 
decrease in the function of beta cells has a strong 
correlation with the reduction of expression 
of GLUT2 [28], increasing the function of 
beta cells may also be attributed to hormonal 
changes in response to aerobic exercises since 
some scientific sources have pointed to the 
influential role of some hormones, especially 
inflammatory or anti-inflammatory cytokines 
in the synthesis or release of insulin, or, in 

455



Exercise and beta cell function in smoker

other words, the function of beta cells [29]. 
In this regard, certain studies have reported 
improvements in cytokines associated with 
insulin function such as adiponectin, resistin, 
leptin and other cytokines in response to short 
or long-term exercise training [30,31].
On the other hand, the disorder of the systemic 
levels of these hormones in the presence of 
smoking has been reported many times; for 
example, reduction of adiponectin concentration 
in cigarettes has also been demonstrated [30]. 
On the other hand, a direct and significant 
correlation has been reported between 
hypoadiponectinemia and decreased beta cell 
function [32,33]. Accordingly, it is likely that the 
decrease in the function of beta cells in smokers 
has some roots in hypoadiponectinemia. In a 
study on Chinese, adiponectin was referred to 
as a predictor index of beta cell function [34]. 
Hence, the increase in beta cell function in this 
study may be attributed to hormonal changes 
or changes in their receptors in response to 
exercise trainings. Twelve weeks of aerobic 
exercise in the two recent studies led to a 
significant increase in both serum adiponectin 
and beta cell function in patients with type II 
diabetic [11,35]. In contrast, reduction of blood 
glucose levels or increase of insulin secretion 
and beta cell function in the present study 
can be attributed to weight loss or decrease in 
abdominal obesity due to aerobic trainings. It 
should be noted that the smoker men in this 
study were actually obese (abdominal obesity), 
and aerobic trainings were associated with a 
significant decrease in weight, body fat (%), and 
abdominal obesity. Malin et al. reported that 12 
weeks of aerobic training at 85 (%) HRmax rate 
led to a significant increase in beta-cell function 
in prediabetic obese individuals [18]. Eizadi et 
al. also stated that 12 weeks of aerobic training 
led to an increase in beta-cell function and a 
decrease in circulating glucose along with a 
decrease in body fat and abdominal obesity in 
middle-aged obese men [36]. These researchers 
concluded that long-term exercise trainings 
lead to a reduction in hyperglycemia in healthy 
or patient obese individuals by improving the 
inflammatory components affective on beta-

cell function and insulin resistance in obese 
individuals. 

Conclusion
The relatively long-term aerobic training leads 
to the increased beta-cell function along with 
glycemic control in smokers. The improvement 
in the function of beta cells in response to 
aerobic intervention has been achieved in the 
presence of continued smoking. Based on 
the available evidence, it seems that regular 
aerobic exercises result in an increase in the 
function of beta cells and decrease in blood 
glucose levels through the inhibition of the 
adverse effects of nicotine on beta cells in the 
pancreas, as well as the increase in the mass 
and number of these cells.
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