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Abstract

Background: Smoking is known to be the main risk factor in systemic inflammation and insulin resistance.
Objectives: In the present study, the researchers aimed at comparing serum interleukin 6 as a pro-inflammatory cytokine between
smokers and non-smokers and determining acute and recovery response of IL-6 to a single bout aerobic exercise in 2 groups.
Methods: For this purpose, 15 adult male non-trained smokers (n = 15) and non-smokers (n = 15) matched for age (35.5 ± 5.8 years)
and body mass index (BMI) (31.30 ± 4.5 kg/m2) were selected to participate in this study. Subjects of the 2 groups completed aero-
bic exercise consisting of 40 minutes of running on a flat surface with no slope at 70%maximal heart rate. Venous blood samples
were collected before, immediately, 60 minutes and 24 hours after the exercise test of the 2 groups. Data were analyzed by one-way
analysis of variance with repeated measures in each group.
Results: Based on statistical data, serum Interleukin (IL)-6 level in smoker subjects was significantly higher than non-smokers at
baseline. A significant increase was observed in serum IL-6, immediately after exercise test in smokers yet remained unchanged in
nonsmokers. Interleukin-6 concentration decreased 1 and 24 hours after exercise compared with baseline in the 2 groups.
Conclusions: Acute increase and recovery decrease in serum IL-6 response to exercise suggests an anti-inflammatory effect of mod-
erate aerobic exercise on smokers.
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1. Background

Several factors are effective in improvement of respi-
ratory function and respiratory dysfunction. These factors
are involved in oxygen transfer pattern and carbon dioxide
excretion from body tissues. In the meantime, tobacco use
and particularly smoking are important factors involved in
dysfunction in oxygen transport function via the respira-
tory system. Scientific resources confirm the central role of
cigarette smoking in chronic diseases (1). Similar to some
other anomalies or diseases, such as beta thalassemia ma-
jor (2), it seems that cigarette smoking affects quality of
life (QOL) negatively. Many scientific studies reported the
incidence of chronic diseases, such as cardiovascular dis-
eases, type 2 diabetes, atherosclerosis, hypertension, os-
teoporosis and respiratory diseases (e.g. chronic obstruc-
tive pulmonary and asthma), to be due to deleterious ef-
fects of cigarette smoking on systemic inflammation (3).
These studies showed that long-term cigarette smoking is
associated with increase in inflammatory markers, such as

C-reactive protein (CRP), Interleukin-6-type cytokines (IL-
6), and resistin that collectively cause incidence and in-
crease severity of the above-mentioned diseases (1, 4). Vari-
ous studies have shown that serum levels of IL-6 in elderly
smokers are higher than their non-smoker peers (5). In a
recent study, the IL-6 level in smokers was 47% higher than
non-smokers (6).

On the other hand, it has been found out that training
programs have different effects on levels of these inflam-
matory markers and other cardiovascular risk factors (7,
8). Nevertheless, there are numerous reports on smoking-
induced changes in the inflammatory and immune sys-
tem (9). However, the mechanism of short-term physio-
logical response to different interventions in smokers has
not been fully understood. Nevertheless, exercise is known
as an effective regulator of the immune system (10). On
the other hand, there are numerous reports on the role
of exercise as an anti-inflammatory therapeutic agent (11-
13). Accordingly, exercise-induced inflammatory responses
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can be useful in the long-term. It has been suggested that
acute increases in Interleukin (IL)-6 following prolonged
exercise are associated with the induction of a transient
anti-inflammatory state (e.g. increases in IL-10) that is
partly responsible for the health benefits of regular exer-
cise (14). Although the mechanisms responsible for these
changes are not fully understood, some recent studies re-
ported improvement in inflammatory cytokines or lipid
profile markers in response to physical activity in smoking-
associated chronic diseases, such as diabetes, asthma, and
cardiovascular disease (7, 8, 15-17). For example, in a study
by Lopes et al. (2016), despite decrease in leptin, insulin re-
sistance and CRP, serum IL-6 remained without change by
12 weeks of combined training without caloric restriction
(18). In contrast, Gondim et al. (2015) reported a significant
decrease in serum IL-6 and resistin after 6 or 12 weeks of aer-
obic training (19). On the other hand, response of these in-
flammatory or anti-inflammatory cytokines or lipid profile
to either a long-term or one-session exercise was investi-
gated in some of these studies. Limited studies have aimed
at determining acute and recovery response of these vari-
ables to one-session exercise training among smokers.

2. Objectives

Therefore, the present study aimed at determining
acute and recovery response (after one hour and after 24
hours) of IL-6 to 40-minute running exercise in smokers
compared with non-smoker peers.

3. Methods

As mentioned above, in addition to comparing serum
IL-6 between current smoker and non-smoker males, acute
and recovery response of serum IL-6 to an aerobic ex-
ercise was investigated in smokers and compared with
non-smokers in this semi-experimental study. Subjects
were non-trained healthy adult smokers (n = 15) and non-
smokers (n = 15) matched for age, gender (men) and BMI,
and were selected by accessible sampling in this study.

Ethical consideration: The study protocol was ap-
proved by the ethics committee of Islamic Azad University,
Iran (ethic code: 73/454791) and informed consent was ob-
tained from all subjects before recruitment in the project.

Inclusion or Exclusion criteria: To understand the med-
ical history, subjects were asked to complete question-
naires on general health, smoking, alcohol consumption,
and present medications. The inclusion criterion for the
smoker group was smoking history of at least 10 cigarettes
a day for 3 years (current smokers). None of the subjects
used drugs or therapies for obesity, and none had a past his-
tory of disease or injury that would prevent daily exercise.

Patients with known history of respiratory infections, neu-
romuscular disease, cardiopulmonary disease, and type II
diabetes or other chronic diseases were excluded. Partic-
ipants were non-athletes and non-alcoholics. All subjects
had not participated in regular exercise/diet programs for
the preceding 6 months.

Anthropometrical measures: all smokers and non-
smokers underwent anthropometric measurements. Body
mass index (BMI) was calculated by dividing body mass
(kg) by height in meters squared (m2). The weight and
height of the participants were measured by the same per-
son when the participant had thin clothes on and was
wearing no shoes. Abdominal obesity and hip circumfer-
ence were determined in the standing position at the end
of normal expiration.

Exercise protocol, blood analysis and assay: All partici-
pants refrained from any severe physical activity 48 hours
before blood sampling. Aerobic exercise lasted 40 minutes
at 70% of maximal heart rate, involving running on a flat
surface with no slope. Target heart rate was controlled with
polar telemetry of each subject. Blood samples were col-
lected before, immediately after exercise, and after 60 min-
utes and 24 hours of recovery in the 2 groups. Blood sam-
ples were dispensed to EDTA-coated tubes and centrifuged
for 10 minutes in order to separate the serum. Serum was
used to measure IL-6 by the Enzyme-linked Immunosor-
bent Assay (ELISA) method for quantitative detection of hu-
man IL-6 (Austria). The Intra-assay coefficient of variation
and sensitivity of the method were 3.4% and 5.2 pg/mL, re-
spectively, for IL-6.

Data collection: data were analyzed by the computer
using the statistical package for social sciences (SPSS) for
Windows, version 11.5. Normal distribution of data was an-
alyzed by the Kolmogorov-Smirnov normality test. Two-
way repeated measure Analysis of Variance (ANOVA) was
used to effectively assess changes in serum IL-6 by the ex-
ercise test in the 2 groups. A p value of less than 0.05 was
considered as statistically significant.

4. Results

The physical characteristics of the study participants
in the smoker and non-smoker groups are described in
Table 1. Means and standard deviations were calculated
for all variables. Significant differences were not found in
body weight, body mass index, and other anthropometri-
cal markers between the 2 groups at baseline (P > 0.05).

No significant differences were found between smok-
ers and non-smokers with regards to serum IL-6 at base-
line (P = 0.362). Based on the repeated measures method,
the results suggest that although serum IL-6 remained
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Table 1. Descriptive Anthropometric Features of Smoker and Non-Smoker Participants

Age, y Height, cm Weight, kg AC, cm BMI, kg/m2 BF, %

Smoker 35 ± 5 176 ± 6.8 97 ± 9.8 101 ± 8.8 31.31 ± 4.3 29.3 ± 3.5

Non-smoker 36 ± 5.8 177 ± 5.3 36 ± 5.8 100 ± 9.7 31.28 ± 3.3 29.8 ± 4.1

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

unchanged immediately after the exercise test in non-
smokers, a significant increase was observed in smokers
compared with baseline (P = 0.021).

Regarding the difference in acute response of serum
IL-6 to exercise test between the 2 groups, the change pat-
tern was similar at 60 minutes and 24 hours of recovery
between the 2 groups. Therefore, a significant decrease
was found in serum IL-6 at 60 minutes and 24 hours post-
exercise compared with pre-exercise (baseline) in the 2
groups (see Table 2 and Figure 1).

Figure 1. The Change Pattern of Serum IL-6 in All Stages of Blood Sampling of the 2
Groups
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Serum IL-6 level was increased immediately post-exercise and decreased after 60
minutes and 24 hours of recovery compared to pre-exercise in smokers.

5. Discussion

Comparison of IL-6 baseline levels in smokers and non-
smokers in this study revealed higher levels of this inflam-
matory mediator in smokers compared to non-smokers.
Accordingly, IL-6 levels in male smokers are twice the lev-
els in non-smokers. Some studies reported that levels
of inflammatory cytokines, such as TNF-α and CRP, are
higher in smokers than non-smokers (20, 21). Acute and re-
sponse measuring of IL-6 as important pro-inflammatory
cytokines to exercise test in cigarette smokers was the
strength of the present study. In the present study, serum
IL-6 was increased immediately after the exercise test and
returned to baseline after 1 to 24 hours of recovery. Con-
sistent with these findings, Ulven et al. (2015) reported an
acute increase in IL-6 and other cytokines’ (such as TNF-α
and IL-1B) response to 1-hour cycling at 70% of VO2max in

healthy males (22). However, Benini et al. (2015) reported
no acute and 30-minute recovery changes in IL-6 to a mod-
erate intensity resistance exercise in healthy females (23).

Long-term tobacco use is associated with a wide range
of inflammatory processes and changes in immune sys-
tem function. These are key factors in pathogenesis of car-
diovascular disease, diabetes and chronic obstructive pul-
monary disease (24). Up-regulation of inflammatory cy-
tokines in smokers leads to systemic inflammation, which
is an independent factor involved in chronic diseases (25).

Cigarette smoking increases inflammation and de-
creases immune system function, which consequently in-
creases the prevalence and severity of chronic diseases
(26). In addition, exercise reduces the severity of these
diseases in an effective manner (27, 28). According to the
above-mentioned issues, it is important to determine re-
sponse of effective components in inflammation and im-
mune system to exercise among smokers. Several recent
studies have shown that active people and those partic-
ipating in exercise activities are less inclined to smoke
cigarettes compared to sedentary individuals (29). Fur-
thermore, a positive relationship was reported between
physical activity, physical fitness, and lung capacity (30,
31). Accordingly, some studies confirmed beneficial ef-
fects of short-term and long-term exercise on inflamma-
tory profile in different population groups (7, 8). Although
some studies rejected the effect of physical activity on pul-
monary growth and function (32), many scientific studies
have shown that pulmonary function is lower in adult ath-
lete smokers than non-smoker athletes (33).

Most studies regarding long-term training programs
reported acute beneficial effects of physical activity on the
above variables. On the other hand, no response or con-
founding responses were reported in studies examining
acute response of the studied cytokines to one-session ex-
ercise (34, 35). Nevertheless, findings of this study showed
that IL-6 levels significantly increase compared to baseline
levels immediately after a relatively long-term aerobic ex-
ercise in male smokers. However, IL-6 levels significantly
decreased compared to baseline levels after one-hour of re-
covery. Accordingly, a downward trend was observed in IL-
6 levels 24 hours after exercise. Although various IL-6 lev-
els were measured in both smokers and non-smokers at ev-
ery phase of the project, the findings showed identical pat-
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Table 2. Acute and Recovery Response of Interleukin-6 to Aerobic Exercise in Smokers and Non-Smokersa

Group Pre-Exercise Acute Recovery (60 min) Recovery (24 h)

Smoker 5.1 ± 1.14 6.45 ± 1.23b 4.67 ± 0.95c 2.27 ± 0.33c

Non-smoker 2.74 ± 0.78 3.03 ± 0.68 2.59 ± 0.50c 1.86 ± 0.36c

aValues are expressed as mean ± standard deviation.
bRepresent significant increase compared to baseline levels.
cRepresent significant decrease compared to baseline levels.

terns of acute and recovery changes in this inflammatory
mediator in response to aerobic exercise in both groups.
In accordance with these observations, in a study by Tegan
et al. (2017), no significant difference was observed for IL-
6 after 40 minutes of cycling at 50% peak aerobic exercise
between smokers and non-smokers (36).

In summary, a relatively long-term moderate-intensity
aerobic exercise session has similar effects on IL-6 levels im-
mediately to 24 hours after recovery in both smokers and
non-smokers. In the present study, IL-6 levels significantly
increased immediately after exercise. In other words, a
moderate-intensity aerobic exercise led to an acute in-
crease in IL-6 levels in male smokers. In this context, sci-
entific studies have shown that acute increase in IL-6 levels
after long-term exercise is associated with unstable anti-
inflammatory states. This is due to the beneficial effects of
physical activity (14). Accordingly, increase in IL-6 levels in
response to acute exercise is associated with increase in IL-
10 as an inflammatory cytokine (14). In another study, an in-
tense aerobic training session in form of repeated cycling
exercise at 2-minute intervals along with 1-minute break
time led to acute increase in cytokines 60 minutes after ex-
ercise in obese and thin children (37). On the other hand,
Kastelin et al. (2016) showed no significant difference in IL-
6 response to one-session exercise between smokers and
non-smokers (36). At the end, it should be noted that
the small sample size for smoker and non-smokers groups
was a limitation of the present study. In addition, lack of
measuring other inflammatory or anti-inflammatory cy-
tokines, such as adiponectin and TNF-α, in response to the
exercise test is another limitation of the current study.

4.1. Conclusions

In summary, findings of this study showed that al-
though relatively long-term moderate-intensity aerobic
exercise leads to acute increase in IL-6 levels in adult male
smokers and nonsmokers, a significant decrease was ob-
served in anti-inflammatory effects of exercise from one-
hour to 24 hours after exercise. A general conclusion is
needed for measuring other indicative markers of inflam-
matory profile. Therefore, future studies should focus on
regarding markers of inflammatory profile.
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