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ABSTRACT

AIMS: Adequate physical fitness contributes to the prevention of obesity and improvement of quality of
life, and hormones play an important metabolic role in this regard. Obese individuals often hesitate when
choosing the type of exercise for weight loss and health improvement. Therefore, the present study aimed
to investigate the effect of twelve weeks of strength and plyometric training on IGF-1, IGFBP-3, and the
inflammatory marker IL-6 in inactive obese men.

MATERIALS AND METHODS: This was a semi-experimental study with a pretest-posttest design, a control
group, and random allocation. The statistical population consisted of 60 inactive obese men with a mean
age of 28.23%1.75 years with a mean body mass index of 32.11+1.32, who were randomly divided into
three groups of 20: strength training, plyometric training, and control. The training groups performed a
conventional training program under the supervision of the researchers for 12 weeks, three sessions per
week. Blood samples were collected 24 hours before the start of training and 24 hours after the last session.
Normality of data distribution was assessed using the Shapiro-Wilk test, and changes were analyzed using
mixed analysis of variance and t-test in SPSS26 (p<0.05).

FINDINGS: Plyometric training significantly increased IGF-1 and IGFBP-3 compared with the control group
(p<0.05). Strength training significantly increased IL-6 and IGFBP-3 compared with the control group
(p<0.05), whereas plyometric training had no significant effect on IL-6.

CONCLUSION: Given the nature of the exercises, plyometric training had a more favorable effect on growth
hormone-related factors; since it did not significantly affect IL-6, these exercises can be appropriately and
regularly incorporated into the exercise program of inactive obese men to improve health indicators.
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INTRODUCTION

The escalating obesity epidemic has become
one of the greatest global health challenges and
is associated with increased mortality and the
incidence of cardiovascular disease, hypertension,
diabetes, dyslipidemia, and cancer. Among
these, hypertension is a major contributor to
atherosclerosis, heart failure, and myocardial
infarction. Obesity is accompanied by an increase
in adipose tissue and adipocyte hypertrophy and
shifts adipocytokine secretion toward chronic low-
grade inflammation [1, 2]. Physical activity and
regular exercise are well-established strategies
for reducing obesity-related inflammation and the
risk of cardiovascular disease.

A review of the literature indicates that
combined strength, endurance, and balance
training can improve balance in middle-aged
individuals with unfavorable body composition,
and this effect may persist for up to four weeks.
Plyometric training is also designed based on the
mechanical and physiological capacities of muscle
[2] and can influence energy expenditure, fat
oxidation, visceral fat reduction, insulin sensitivity,
lipid profile, blood pressure, and bone density;
however, these responses depend strongly on
exercise intensity, duration, type, and recovery
period [3]. At the hormonal level, exercise affects
growth and metabolism by stimulating GH and
IGF-1 secretion and modulating IGFBP-3 [8, 9].
Exercise can also alter IL-6 and other cytokines; in
one study, eight weeks of small-sided game training
was associated with increased IL-6 and TNF-a and
decreased GH and IGF-1 in overweight individuals
[10]. Resistance training is also recommended as
an effective method for preserving muscle function
[11] and acts through effects on satellite cells and
the inflammatory milieu [12, 13], serving as a
potent endocrine stimulus [14]. Moreover, eight
weeks of plyometric training has been shown to
increase DHEA [15], and training volume is a key
variable in resistance-training program design
[16].

Nevertheless, information on the
hormonal and inflammatory adaptations to
plyometric training in obese individuals is limited,
and direct comparisons of the effects of resistance
and plyometric training on IGF-1, IGFBP-3, and
IL-6 within a single population—such as obese
and inactive men—have rarely been conducted,
with reported findings sometimes being
contradictory [18]. This gap highlights the need to
simultaneously assess growth and inflammatory
markers within a controlled exercise design.
Accordingly, the present study was
designed and conducted to investigate the effects
of twelve weeks of resistance and plyometric
training on IGF-1, IGFBP-3, and IL-6 levels as health
indicators in obese, inactive men. From a law-

enforcement medicine perspective, identifying
safe and low-cost exercise protocols to reduce
inflammation and improve physical fitness in
obese and sedentary personnel can help maintain
operational readiness, reduce absenteeism from
duty, and control the risk of cardiovascular disease.

METHODS
This study was conducted as a quasi-experimental
study using purposive sampling and a pretest-
posttest design with a control group and random
assignment. The statistical population consisted
of 60 obese, inactive men from a government
office in Greater Tehran, aged 25-35 years,
with a mean body mass index (BMI) of 32.45
+ 1.06. Participants were divided into three
groups of 20: a resistance-training group, a
plyometric-training group, and a control group.
After initial coordination, participants were
invited to take part in the study. In an orientation
session, volunteers were familiarized with the
procedures and timeline (planned assessments
and comprehensive information regarding the
type and manner of the exercises), the benefits
of participation, and the study objectives. They
completed a medical history questionnaire and a
physical activity readiness questionnaire. At the
end of the session, written informed consent was
obtained from eligible volunteers who met the
inclusion criteria. To control for dietary influences
on the results, participants were instructed to
maintain their usual diet throughout the study
and not to change their usual physical activity
levels during the study period. Participants were
then selected based on the inclusion criteria and
assigned to groups using block randomization.
Exclusion criteria included missing more than two
sessions, developing a specific illness, or receiving
any therapeutic intervention that could affect the
laboratory results. The training groups received
a conventional exercise program for 12 weeks,
three sessions per week, under the supervision of
the researchers. Based on the American College
of Sports Medicine (ACSM) exercise prescription
guidelines, each group’s training session consisted
of three components: a 10-minute warm-up, the
main program, and a 5-minute cool-down. In the
first stage, participants’ height was measured
using a wall-mounted stadiometer with an
accuracy of 0.5 cm, and their weight was measured
with minimal clothing (underwear only) using
a Seca scale with an accuracy of 0.1 kg. BMI was
calculated by dividing weight (kg) by height
squared (m?).

Training Programs by Group

Resistance-training group: A
progressive resistance-training program was
performed for twelve weeks, three sessions
per week (Table 1). Before beginning the main
program, participants performed a ten-minute
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warm-up (light jogging and stretching exercises),
and after training they included a five-minute cool-
down (stretching exercises). Training volume was
equated across the exercise groups by matching
the total duration of training over the twelve
weeks. The exercise protocol in this study was
adapted from an established research exercise
protocol. In addition, a reference study was used
to account for participants’ age, sex, and exercise
type.

One-repetition maximum (1RM) was
calculated for participants using the Brzycki
formula:
1RM = weight / [1.0278 - (0.0278 x repetitions)]

Each participant’s training load was
selected according to their estimated maximal
strength, and exercises were performed to
volitional fatigue. The maximum number of
repetitions for each exercise was set at 10. In
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addition, given the obese and inactive nature of
the study population, exercise intensity for each
exercise was set at 60% of 1RM in each session
(19).

Plyometric-training group: The training
program for this group was implemented over
12 weeks according to Table 2. In designing the
plyometric exercises, the principles of adaptation
and overload were applied based on participants’
physical fitness; the program began with 3
exercises in the first week and progressed to 11
exercises by the twelfth week. In addition, exercise
intensity was set at 60% of participants’ maximal
oxygen consumption (VO,max) for each exercise.

Formula used for VO,max:

VO,max = 132.853 - (0.0769 x weight in pounds)
- (0.3877 x age) + (6.315 x sex) — (3.2649 x time)
- (0.1565 x heart rate)

A sample of the plyometric exercises is

Table 1) Strength Training Protocol

Strength
Session
Stations  Sets x Repetitions Type of Exercise (Bodybuilding Machines)
Week 1 3 3 sets x 10 reps Barbell bench press / leg extension / lat pulldown behind the neck
Week 2 3 3 sets x 10 reps Barbell bench press / leg extension / lat pulldown behind the neck
Week 3 4 3 sets x 10 reps Barbell bench press / seated incline dumbbell press / leg extension / lat pulldown behind the neck
Week 4 4 3 sets x 10 reps Barbell bench press / seated incline dumbbell press / leg extension / lying leg curl
Week 5 5 3 sets x 10 reps Barbell bench press / incline dumbbell press {el;zgcji(ltension / lat pulldown behind the neck / lying
Week 6 5 3 sets x 10 reps Barbell bench press / incline dumbbell press {elggcsi(ltension / lat pulldown behind the neck / lying
Week 7 5 3 sets x 10 reps Barbell bench press / incline dumbbell press {el;zgcji(ltension / lat pulldown behind the neck / lying
Week 8 6 3 sets x 10 reps Barbell bench press / dumbbell lateral ra_ise / machine leg extension / lat pulldown behind the neck
/ lying leg curl / leg press
Week 9 6 3 sets x 10 reps Barbell bench press / incline dumbbell press / leg extension / !at pulldown behind the neck / lying
leg curl / dumbbell lateral raise
Week 10 6 3 sets x 10 reps Barbell bench press / dumbbell lateral ra_ise / machine leg extension / lat pulldown behind the neck
/ lying leg curl / leg press
Week 11 6 3 sets x 10 reps Barbell bench press / dumbbell lateral rais;: / lat pulldpwn behind the neck / lying leg curl / squat /
ack extension
Week 12 6 3 sets x 10 reps Barbell bench press / incline dumbbell press / lat pulldown blehind the neck / lyinglegcurl / leg
press / squat / back extension
Table 2) Plyometric Training Protocol
Exercise Week Week  Week  Week  Week  Week  Week  Week  Week  Week  Week  Week
1 2 3 4 6 7 8 9 10 11 12
Pogo jump 4x10 4x10
High-knee jump 4x10 4x10 4x10
Lateral bound / side hop 4x8 4x10 4x10 4x10
Rocket jump 3x10  3x10 4x8 4x8 4x8
Scissor jump / split jump 3x10 3x10 3x10 4x10 4x10 4x10
Diagonal bound 3x10 4x8 4x8 4x8 4x10 4x10 4x10
Medicine ball scoop throw 3x8 3x8 3x8 3x10 3x10 3x10 4x10 4x10 4x10
Box jump 2x8 2x8 2x10  2x10 2x10 3x8 3x8 3x8 3x10  3x10 3x10
Paired-leg speed bound 2x10 2x10  2x10 3x8 3x8 3x8 3x10 3x10 3x10 4x8 4x8 4x8
Medicine ball chest pass 2x8 2x8 2x8 3x8 3x8 3x8 3x10 3x10 3x10 4x8 4x8 4x8

Rotational medicine ball throw 3x8 3x8 3x8 3x10

3x10 3x10 4x8 4x8 4x8 4x10  4x10 4x10

w
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Figure 1) Representative Example of Plyometric Exercises

Laboratory sampling procedure: In the
first phase of the study, a blood sample (4 mL
from the brachial vein) was collected from each
participant before training, and the exercise
protocol began 24 hours after the initial sample
was obtained. Twenty-four hours after the last
training session (week twelve), a second blood
sample was collected in the same manner as in the
first phase.

In this study, changes in IGF-1 (Kelia-
type kit) and IGFBP-3 were assessed using ELISA
kits produced by Autobio Diagnostics, and IL-6
was assessed using a human ELISA diagnostic kit
(Bender MedSystem, Austria) using a competitive
method.

These kits are intended for research
use. Sensitivity was queried with laboratory
personnel and recorded in the manufacturer’s kit
manual included in the kit boxes. Quantification
was performed at wavelengths of 450-620 nm.
Kits were stored at 2-8°C. Fasting blood samples
were collected before and 24 hours after the last
training session. For each sampling phase, 4 mL
of blood was drawn from the vein of the right
forearm while participants were seated and at
rest. Samples were then centrifuged at 3500
rpm for 10 minutes to separate plasma, and the
resulting plasma was stored at —80°C.

Ethical considerations: In this study,
all ethical principles were observed, including
obtaining ethics approval code SSRI.REC-2302-
2110 from the Research Ethics Committee of the
Sport Sciences Research Institute, maintaining
confidentiality, obtaining written informed
consent from participants, informing participants
ofthe study objectives, and respecting participants’
freedom to withdraw from the study.

Data analysis: Descriptive statistics were

used to calculate means, standard deviations, and
percentage changes in means. Normality of data
distribution was assessed using the Shapiro-Wilk
test. Hypotheses were tested using mixed-analysis
of variance (mixed ANOVA), and between-group
changes were examined using the t-test in SPSS
version 26.

FINDINGS

Descriptive indicators for the study variables,
including participants’ descriptive characteristics
and the means and standard deviations of the
study variables at the pretest and posttest stages,
are presented in Tables 3 and 4.

The Shapiro-Wilk test results showed
that the study variables had a normal distribution
in all training groups at both pretest and posttest
(p > 0.05). In addition, Levene’s test indicated
homogeneity of variance between the training
groups’ scores at the pretest and posttest stages
(p>0.05).

Analysis of variance for IGF-1 was used to
compare the groups across the testing stages, as
shown in Table 5. According to Table 5, the results
of the analysis showed that the effect of training
was significant (p < 0.05). Therefore, to further
examine the between-group effects, t-tests were
used between the training groups and the control
group, which revealed that in the plyometric-
training group, the effect of training on this factor
was significantly increasing.

Mixed analysis of variance for IGFBP-3
was used to compare the groups across the
testing stages, as shown in Table 6. According to
Table 6, the results of the mixed analysis of variance
showed that the effect of training was significant
(p < 0.05). Therefore, to further examine the
between-group effects, t-tests were used, which
revealed that in the plyometric-training and
resistance-training groups, the effect of training
on this factor was significant.

Mixed analysis of variance for IL-6
was used to compare the groups across the
testing stages, as shown in Table 7. According to
Table 7, the results of the mixed analysis of variance
showed that the effect of training was significant
(p < 0.05). Therefore, to further examine the
between-group effects, t-tests were used, which
revealed that in the resistance-training group, the
effect of training on this factor was significant.

Table 3) Descriptive Characteristics of the Participants

Age (years) Body Weight (kg) Height (m) BMI
Group
Mean SD Mean SD Mean SD Mean SD
Strenght Training 29.5 1.67 111 1.21 1.77 0.065 31.65 0.79
Plyometric Training 269 1.2 109 1.49 1.80 0.034 31.51 1.17
Control 28.3 1.24 100.7 1.34 1.74 0.052 33.17 1.25

Note: Values are presented as mean and standard deviation (SD). BMI = body mass index.
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Table 4) Means and Standard Deviations of the Study Variables at Pretest and Posttest

IGF-1 IGFBP-3 IL-6
Group (ng/mL) (mg/dL) (pg/ml)
Pretest Posttest Pretest Posttest Pretest Posttest
Strenght Training 28.56 +212.23 21.56+221.18 321.54+3014 354.12 +3076 0.23 +2.04 0.36 +2.78
Plyometric Training 25.21+212.46 18.47 +247.23 256.21 +3024 216.63 + 3256 0.35+2.10 0.18+1.91
Control 26.32+212.41 24.56 +219.57 312.52 + 2968 87.31+ 3058 0.21+2.24 0.25+2.19

Note: Values are presented as mean * standard deviation (SD). IGF-1 = insulin-like growth factor 1; IGFBP-3 = insulin-like growth factor binding protein

3; IL-6 = interleukin-6.

Table 5) Analysis of Variance for IGF-1 Comparing Groups Across Testing Stages

Source of Variation Sum of Squares df Mean Square F P
Test 3.241 1 1.860 11.458 0.028
Within- Test x Group 3.576 2 1.248 8.256 0.033
subjects
Error 4.542 27 0.24
Between- Group 27.110 2 12.524 9.352 0.047
subjects Error 89.121 27 3213

Note: IGF-1 = insulin-like growth factor 1; df = degrees of freedom.

Table 6) Mixed Analysis of Variance for IGFBP-3 Comparing Groups Across Testing Stages

Source of Variation Sum of Squares df Mean Square F P
Test 0.549 1 0.475 7.215 0.266
Within- Test x Group 0.521 2 0.157 3.594 0.027
subjects
Error 2.108 27 0.060
Between- Group 14.152 2 7.124 3.268 0.041
subjects Error 57.306 27 1.328

Note :IGFBP = 3-insulin-like growth factor binding protein ;3 df = degrees of freedom.

Table 7) Mixed Analysis of Variance for IL-6 Comparing Groups Across Testing Stages

Source of Variation Sum of Squares df Mean Square F P
Test 0.650 1 0.235 216.0 0.031
Within-
subjects Test x Group 0.542 2 0.197 3.562 0.034
Error 2.210 27 0.07
Between- Group 13.216 2 6.058 3.251 0.021
subjects Error 59.215 27 1.251

Note :IL = 6-interleukin ;6-df = degrees of freedom.

DISCUSSION

The results of the present study showed that IGF-1
levels changed significantly only in the plyometric-
training group. The IGF-1 response to exercise has
been highly inconsistent across studies, and the
reasons for this discrepancy should be sought
not only in statistical issues such as sample
size and variance but also in other contextual
factors. Findings from studies examining the
IGF-I response to long-term training confirm that
intensity, duration, rest intervals between exercise
sets, and training volume determine final IGF-I
levels [20]; diet and nutrition, held constant across
participants, also affect circulating IGF-I levels
[21]. Research has shown that moderate-duration
plyometric training and short-duration resistance
training can increase IGF-I concentrations [22].
Gregory et al. (2013) examined circulating IGF-I
concentrations in four groups—endurance

training, resistance training, combined training,
and control—and after eight weeks reported
increases in IGF-I in the resistance-training group
but not the endurance group [23]. The underlying
mechanisms and physiological significance of
these changes in the circulating IGF-1 system are
not fully understood, but they may be related to
the remodeling of muscle, bone, and tendon that
occurs through mechanical stimuli [24]. Most
basal circulating IGF-I is derived from the liver
[25]; however, studies have shown that increases
in circulating IGF-1 concentration in response
to exercise are attributed to IGF-I release from
muscle tissue, the extracellular matrix, vascular
endothelium, and other extravascular storage
depots [26]. Mechanical loading and resistance
training stimulate IGF-I expression and synthesis
in tissues, particularly skeletal muscle, and
resistance training may upregulate IGF-1 peptide

w
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expression in this tissue or other tissues, thereby
contributing to an increased extravascular storage
pool for release during exercise [27]. There are
also numerous reports of no change in IGF-I levels
after exercise, and temporally, increases in IGF-I
appear early in exercise [28]. Training duration
can lead to changes in the amounts and ratios of
IGF system components, ultimately increasing its
half-life in the blood [29]. IGF-I is also produced
locally and acts in an autocrine and paracrine
manner, and tissue-specific IGF-I may be more
sensitive to exercise than circulating IGF-I; it has
been shown that the local IGF-I response may
be more important for muscle hypertrophy with
resistance training than circulating factors [27]. As
adaptation increases, secretion of inflammatory
cytokines decreases, followed by less suppression
of growth factors. Since resistance training
initially causes tissue damage and increases
inflammatory cytokines, but no decrease in IGF-I
concentration was observed at the end of the
twelve-week training period, this finding can be
attributed to participants’ adaptation to training.
Exercise-induced responses in the IGF-I system
play a fundamental role in stimulating training
adaptation.

The results of the present study showed
that IGFBP-3 levels were significant in both
the plyometric and resistance training groups.
IGFBP-3 is the most important circulating binding
protein and is present in the highest amount in
serum; it is synthesized in the liver and other
tissues and acts as the main carrier of IGF-L
Its actions may inhibit or enhance IGF-I and it
can act as a regulatory transporter of systemic
IGF-I and as a local regulator; therefore, IGFBP-3
combines IGF-I-dependent and independent
roles and in a sense reflects an endocrine mode
and interaction with the autocrine and paracrine
systems. Rajabi et al. (2011) examined the effect
of heavy resistance exercise on the IGF-I system
and the time course of changes in its components
in trained and untrained men [31]. The findings
showed that a single session of heavy exercise
caused a significant increase in growth hormone
and a significant decrease in IGFBP-3 in the trained
group; this indicated that both initial training
status and the relative physiological stress applied
during exercise influence the IGFBP-3 response.
There is likely a threshold of physiological
stress for inducing IGFBP-3 proteolysis, and
the decrease in its levels is due to activation of
IGFBP-3 proteases [32]. A decrease in IGFBP-3
levels provides a compensatory mechanism
that allows free IGF-I to increase, and increased
IGFBP-3 proteolysis enhances bioavailability.
Given the volume and intensity of training in
the plyometric group, this can be considered a
reason for the significance of this factor in that

group, and it appears that exercise volume can
be an influential factor on the blood level of this
factor. Copeland et al. (2008) compared changes
in circulating IGFBP-3 levels during two types
of interval and moderate-intensity continuous
training [33]; IGFBP-3 increased in both types,
which is consistent with the present study. They
noted that exercise-induced increases in IGFBP-3
are associated with increased GH and increased
blood hematocrit concentration, and exercise in
humans causes red blood cells to shift from the
spleen into the blood, and this difference in plasma
volume may play a role in IGFBP-3 changes during
exercise. Understanding the mechanisms linking
exercise and growth in adolescents is particularly
important, because physical activity levels not only
determine their fitness but also affect maturation
and the ability of organs to adapt to later stages of
training.

The results of the present study showed
that interleukin-6 levels were significant in the
resistance-training group and had no effect in
the plyometric-training group. Various studies
have been conducted on the effect of plyometric
training on IL-6. Some studies are consistent with
the present results, including Mendham et al. [34],
Chatzinikolaou et al. [35], Pedersen et al. [36],
and Agha-Alinejad and Mollanouri Shamsi [37],
who showed in their research that any combined
training can reduce interleukin-6 levels. Some
studies have reported results inconsistent with the
present findings; Rostami et al. [38] and Boroujeni
etal. [39] conducted research in which plyometric
training increased IL-6.

Additionally, some studies did not report
significant results; for example, Garzi et al. (2018)
examined the effect of resistance training on IL-6
and concluded thattraininghad no significanteffect
(40). To explain these contradictions, scientists
have proposed various mechanisms. Most studies
point to a reduction in IL-6 due to exercise
training, justifying this by noting that adaptation
to various types of training, especially interval-
type training, can reduce IL-6. On the other hand,
plyometric training activates oxidative enzymes
and stimulating hormones (catecholamines), and
skeletal muscle, due to increased glycogen storage
and enhanced fat metabolism, relies less on
carbohydrate sources; since glycogen depletion is
the most important stimulus for IL-6, the resulting
adaptation—namely, less reliance on muscle
glycogen at rest—reduces its secretion.

Research has shown that resistance
training, depending on intensity and duration,
can have different effects on IL-6; for example,
high-intensity training with intermittent exercise
duration relative to training volume can cause
inflammation in the body. Since IL-6 is an
inflammatory factor whose level increases in obese
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individuals due tohormonal and metabolic changes
in their physiological system, it has been shown
that these changes can act as a complementary and
effective treatment for regulating immune system
behavior through modulating the balance of pro-
inflammatory and anti-inflammatory factors and
also strengthening neuronal protection and neural
repair mechanisms. The relationship between IL-6
and resistance training is complex and dual, and
depending on the conditions it can be both harmful
and beneficial (41). An increase in IL-6 in response
to high-intensity resistance training (50-70% of
one-repetition maximum) can occur. This increase
is mainly due to two factors: muscle damage,
especially when sedentary and overweight
individuals perform unfamiliar movements or
training with high volume and intensity, and when
exercise intensity is accompanied by the overload
principle, which causes microscopictearsin muscle
fibers. This damage activates a local inflammatory
response, one of whose main components is IL-6
secretion by the muscle cells themselves. The
second factor is muscle contraction; regardless
of damage, the contraction process itself can
activate signals for IL-6 production in the active
muscle (42). The role of IL-6 at this stage is like
a danger signal, attracting immune cells such as
macrophages to the damaged site so that damaged
tissues can be cleared. The fatigue resulting from
resistance exercise can affect the central nervous
system and create a feeling of tiredness and
malaise after exercise, which, with IL-6 secretion,
is a mechanism to force the body of unfit and
obese individuals to rest and repair. In fact, IL-6
acts like a switch that turns on the body’s anti-
inflammatory system. Hypertrophy stimulation
with IL-6, in interaction with other growth factors
such as IGF-1, plays a role in the process of muscle
repair and regeneration. This cytokine signals
satellite cells, which are vital for muscle growth, to
become activated and secrete anti-inflammatory
factors. On the other hand, IL-6, by affecting
metabolism and being secreted from muscle (as
a myokine), plays a role in regulating glucose
and fat metabolism; this cytokine can increase
lipolysis and improve insulin sensitivity, which are
important benefits of resistance training and are
associated with increased IL-6 secretion. Overall,
skeletal muscle during resistance training—while
contracting and being damaged—adapts, and IL-6
levels increase, playing a main role in creating
temporary inflammation, recruiting immune
cells for repair, producing anti-inflammatory
effects, and aiding growth and metabolism; the
increase in IL-6 in response to resistance training
is a completely natural physiological phenomenon
and an essential part of the process of adaptation
and becoming stronger (43). By producing anti-
inflammatory effects and stimulating muscle
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growth, this cytokine becomes a useful and
constructive factor. Moreover, in some studies,
IL-6 has been introduced as a pro-inflammatory
cytokine that is stimulated and secreted by muscle
contractions during resistance training and has
shown a dual function with pro-inflammatory and
anti-inflammatory effects. It is worth noting that
the production of pro-inflammatory cytokines
is necessary for the immune defense of obese
individuals, who often have a weaker immune
system in this regard. Additionally, resistance
exercise can cause changes in factors related
to the human immune system, and the present
study is consistent with the results of Castellano
et al. (2007). Finally, given the contradictions
in the conducted research, it can be said that
more research is needed on the effect of exercise
training, especially resistance training, on immune
system function in obese individuals (43).
Regarding the limitations of the study,

it can be said that despite the controlled design
and relative homogenization of conditions, this
study was limited to obese, inactive men, and
generalizing the results to women, other age
groups, and different fitness levels requires
caution; also, the twelve-week follow-up period
and the lack of long-term evaluation are notable
limitations. It is suggested that future studies with
larger sample sizes, including both sexes and a
wider age range, comparisons of different training
intensities and volumes, long-term follow-up,
more precise control of diet, sleep, and daily
activity, and simultaneous measurement of body
composition, free IGF-I, IGFBP-3 proteases, and
immune markers be designed to further clarify
the hormonal and inflammatory adaptations
to plyometric and resistance training in obese
individuals.

CONCLUSION

Overall, given the study findings regarding IL-6
levels and the increase in IGF-I, plyometric
training—owing to the nature of these exercises—
may have a more favorable effect than resistance
training on certain health indicators and can
be appropriately and regularly incorporated
into the exercise programs of obese, inactive
individuals. At the same time, both resistance and
plyometric training influenced IGFBP-3 through
the mechanisms described. Therefore, it appears
that a judicious combination of these two training
modalities, with careful attention to intensity and
volume, may be beneficial for improving growth
indicators and controlling inflammation in obese,
inactive men.

Practical Clinical Implications for Police

In general, given that police personnel spend most
of their time on missions, they should engage
in appropriate and regular exercise training—
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particularly plyometric training—to control the
body’s inflammatory factors.
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