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ABSTRACT

Chronic low-grade inflammation is recognized as a key factor in the pathogenesis
of metabolic syndrome (MetS) and the detrimental effects of cigarette smoking. On the other hand,
physical exercise can modulate systemic inflammation through various cellular pathways. Therefore, this
study aimed to investigate and compare the effects of 12 weeks of aerobic, resistance, and concurrent
training on inflammatory responses in male smokers with MetS and current smokers.

[VETEEE This was a quasi-experimental study with a pretest and posttest design. Forty male patients
with MetS were randomly assigned to four groups: aerobic exercise, resistance exercise, concurrent
exercise, and control (n=10 per group). In this study, three exercise interventions were implemented:
moderate-to-intensity continuous training (MICT), full-body circuit resistance training, and concurrent
training (a combination of the two previous types). Each program was performed three times per week
for 12 weeks. Inflammatory responses, including interleukin (IL)-6, IL-8, IL-10, tumor necrosis factor
alpha (TNF-a), high-sensitivity C-reactive protein (hs-CRP), and immunoglobulin A (IgA), were measured
in two stages: pretest and posttest. Data were analyzed using multivariate analysis of covariance and
paired t test at a significance level of 0.05.

[ES® Between-group results showed a significant difference between the aerobic, resistance,
concurrent, and control groups in IL-6, IL-8, IL-10, tumor necrosis factor alpha (TNF-a), hs-CRP, and IgA (P
< 0.001). According to the post hoc test results and effect sizes, it was determined that aerobic training
had the greatest effect on IL-6, and concurrent training had the greatest effect on TNF-a, hs-CRP, IL-10,
IgA, and IL-8.

Twelve weeks of regular aerobic, resistance, and concurrent training improve inflammatory
responses and reduce systemic inflammation in smokers with MetS. Concurrent training, combining
aerobic and resistance training, is the most effective method for modulating inflammatory cytokines
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Introduction

etabolic syndrome (MetS) is one of the
most important multifactorial metabolic
disorders that is directly associated with
an increased risk of type 2 diabetes, car-
diovascular disease, nonalcoholic fatty
liver disease, and premature mortality. The syndrome is
characterized by abdominal obesity, hypertriglyceride-
mia, low high-density lipoprotein (HDL) cholesterol,
hypertension, and impaired glucose tolerance. The in-
creasing prevalence of MetS, affecting more than 30%
of adults in many countries, has become a major public
health concern, especially in developing regions, such
as the Middle East. Recent research has shifted from a
purely metabolic perspective to understanding the role of
chronic low-grade inflammation in the pathophysiology
of MetS. This persistent inflammatory state is driven by
the sustained release of proinflammatory cytokines from
visceral adipose tissue macrophages, leading to increased
circulating levels of interleukin-6 (IL-6), IL-8, tumor
necrosis factor alpha (TNF-o), and high-sensitivity C-
reactive protein (hs-CRP). These cytokines interfere with
insulin signaling, impair endothelial function, and ac-
celerate atherosclerosis and insulin resistance. Smoking
further amplifies this inflammatory burden by increasing
oxidative stress and reactive oxygen species production.

Nicotine and aromatic hydrocarbons in cigarette smoke
activate the nuclear factor kappa B (NF-«xB) pathway and
increase the secretion of TNF-a, IL-6, and IL-8, while de-
creasing anti-inflammatory mediators, such as IL-10 and
immunoglobulin A (IgA). As a result, smokers with MetS
exhibit a severe imbalance between proinflammatory and
anti-inflammatory factors, increasing their susceptibility
to vascular and metabolic complications. Regular physi-
cal exercise has emerged as a powerful non-pharmaco-
logical intervention to counteract systemic inflammation
and restore immune balance. Moderate-to-vigorous inten-
sity aerobic exercise reduces visceral fat, increases anti-
oxidant defenses, and modulates peroxisome proliferator-
activated receptor gamma (PPAR-y) pathways, producing
potent anti-inflammatory effects. Resistance exercise also
helps regulate the inflammatory state and enhance mu-
cosal immunity by improving the muscle-to-fat ratio and
stimulating the release of anti-inflammatory myokines,
such as IL-10, through increased IgA secretion. Simulta-
neous or concurrent exercise, which integrates both aero-
bic and resistance components into a single program, may
have synergistic effects on cytokine regulation, oxidative
stress, and mitochondrial function.
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Although several studies have reported significant reduc-
tions in hs-CRP, IL-6, and TNF-a along with increases in
IL-10 after exercise, evidence comparing these training
modalities in smokers with MetS remains limited. There-
fore, this study aimed to compare the effects of 12 weeks
of aerobic, resistance, and concurrent training on inflam-
matory responses (IL-6, IL-8, TNF-a, hs-CRP, IL-10, and
IgA) in male smokers with MetS. It was hypothesized that
concurrent training would produce the greatest improve-
ment in the balance between pro- and anti-inflammatory
responses by simultaneously inducing metabolic and
muscular adaptations. This version is written exactly from
its Persian text and uses specialized terminology from im-
munology, exercise physiology, and medical neuroendo-
crinology, ready for journal submission or PhD defense.

Methods

This quasi-experimental study used a pretest and posttest
design. Forty male smokers with MetS were randomly as-
signed to four groups: aerobic exercise, resistance exer-
cise, concurrent exercise, and control (n=10 per group). In
this study, three types of exercise interventions, including
moderate-to-intensity continuous training (MICT), full-
body circuit resistance training, and concurrent exercise
(concurrent training), a combination of the two previous
types, were performed in one session for 12 weeks, three
times a week, to investigate their separate and combined
effects on physiological adaptations. Inflammatory re-
sponses, including IL-6, IL-8, IL-10, TNF-a, hs-CRP, and
IgA, were measured in two stages: pretest and posttest.
Data were analyzed using multivariate analysis of covari-
ance and paired t test at a significance level of 0.05.

Results

The results of Box’s M test indicated that the covariance
matrices of the dependent variables were homogeneous
across groups (P=0.601). Similarly, Levene’s test con-
firmed the equal variances across all variables (P>0.05).
According to Wilks’ Lambda test, the effect of group on
the combined set of inflammatory markers was statisti-
cally significant (P<0.001). Significant between-group
differences were observed among the acrobic, resistance,
concurrent, and control groups in all inflammatory vari-
ables (P<0.05). Post-hoc comparisons revealed that the
levels of inflammatory indices improved significantly
in all exercise groups compared with the control group;
however, the magnitude of improvement varied by train-
ing type (Table 1).
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Table 1. BetweenGroup Comparison of Inflammatory Indices

Variable Sum of Squares df Mean Square F EtaSquared P
IL6 (pg/mL) 21.23 3 7.07 37.55 0.790 <0.001
IL8 (pg/mL) 61.70 3 20.56 13.01 0.565 <0.001
IL10 (pg/mL) 5.17 3 1.72 103.46 0.912 <0.001

TNFa (pg/mL) 42.36 3 14.12 65.03 0.867 <0.001
hsCRP (mg/L) 12.19 3 4.06 41.55 0.806 <0.001
Iga (mg/dL) 3606.36 3 1202.12 14.15 0.586 <0.001

Scientific Journal of
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Abbreviations: IL, interleukin; TNFo, tumor necrosis factor alpha; hsCRP, high-sensitivity C-reactive protein; IgA, immunoglobulin A.

Conclusion

Based on the present findings, regular exercise in aero-
bic, resistance, and concurrent models led to significant
reductions in proinflammatory markers and concomitant
increases in antiinflammatory indices among smokers
with MetS. Among these modalities, concurrent training
produced the most pronounced positive effects, simulta-
neously decreasing L6, TNFo, IL8, and hsCRP levels
while enhancing IL10 and IgA concentrations. There-
fore, concurrent training can be considered an effective
strategy for improving inflammatory and immune status
in highrisk populations. The continuation of such inter-
ventions, along with nutritional modification and reduced
nicotine consumption, may contribute to longterm reduc-
tions in cardiometabolic disease risk and promotion of
overall health.
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5. International Diabetes Federation (IDF)
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18. Full Body Circuit Training
19. Rate of Perceived Exertion (RPE)

o yge3l ales .o a5 Roche diagnostics Germany
GL..»Q)‘ B ol&iils RNV odSiidle 6;).0 OlimJLO)T
(QV) Sl 2 gl 6 23155 (e Sl b plox]

Ivvl ss b arli ded gl p a0 ¥l aS

(6142 YY) (53192 (032 03 SS9

Wl o Ojgots (g (ol )0 (S5l (8 SS9
win o dauds> ¥ LB o a5 [Ye-YAl wi ol glasas
L psle s3lse Joe 5l yed g9 8 Lzl 5 slagsy 5o 5
wb‘f&wwawgﬁ;f@‘omdﬂdbwbbw
Obyo 10l a5l 5 s 0l s T8 Lo 005
98 opl Jolss Lol> 51 (HRR) Vs Lo 0,33 ke g
b ) oles g8 5l oolatul b e el s 4 asLis

D9 ralais 08 10 Sojel b

1. HRtraining=HRrest+(%HRRx[HRmax—HRrest])
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12. Moderate-to-High Intensity Continuous Training (MICT)
13. Heart Rate Reserve (HRR)

14. HRmax

15. HRrest

16. Heart Rate Reserve (HRR)

17. Rate of Perceived Exertion (RPE)
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27. Dumbbell Lunge
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20. Bench Press

21. Lat Pulldown

22, Squat

23. Romanian Deadlift
24. Shoulder Press

25. Dumbbell Biceps Curl
26. Triceps Pushdown
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28. Parallel Training — Combined in One Session
29. Full Body Circuit Training (FBCT)
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30. Least Significant Difference(LSD)
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1. IL-6 (pg/mL), 2. IL-8 (pg/mL), 3. IL-10 (pg/mL), 4. TNF-a (pg/mL), 5. hs-CRP (mg/L), 6. IgA (mg/dL)
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