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ABSTRACT

Obesity is associated with chronic inflammation and an increased risk of cardiovas-
cular diseases. On the other hand, physical activity is recognized as an effective strategy for improving
inflammatory and metabolic factors. The present study aimed to investigate the effects of high-intensity
interval training (HIIT) and moderate-intensity continuous training (MICT) on serum CTRP1 levels and
cardiovascular inflammatory markers in obese men.

[VETTEEE In a quasi-experimental study, 30 obese men (BMI230 kg/m?) were randomly assigned to three
groups of 10 participants each: high-intensity interval training (HIIT), moderate-intensity continuous
training (MICT), and control. HIIT (90%-100% of maximal heart rate) and MICT (60%-75% of heart rate
reserve) were performed for 6 weeks, 3 sessions per week. Serum levels of C1q/TNF-related protein-1
(CTRP1), interleukin (IL)-6, and C-reactive protein (CRP) were measured before the intervention and 48
hours after the last training session. Data were analyzed using analysis of covariance (ANCOVA), paired t
tests, and LSD post-hoc tests at a significance level of P<0.05.

[T Between-group analysis using ANCOVA showed significant differences among the study groups
in CTRP1 (F=8.64, P=0.002), IL-6 (F=6.47, P=0.004), and CRP (F=14.00, P=0.004). LSD post-hoc tests indi-
cated that both HIIT and MICT groups, compared to the control group, had significant changes in CTRP1,
IL-6, and CRP (P<0.05). No significant differences were observed between the HIIT and MICT groups for
any of the variables.

[@TEIER The results of this study indicate that both HIIT and MICT can serve as effective strategies
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Introduction

besity is one of the major health problems

in the world, which is accompanied by an

increase in body fat mass [1]. The tumor

necrosis factor-related proteins (CTRPs)
constitute an adiponectin paralog family, consisting of
CTRP1-CTRP15, which share a structural domain with
adiponectin. In recent years, researchers have focused
significantly on the pathophysiological role of the CTRPs
family in cardiovascular diseases. The main members of
the CTRPs family are CTRP1, CTRP3, CTRP5, CTRP9,
CTRP12, and CTRP13, which are involved in pathophys-
iological mechanisms. These proteins regulate endothe-
lial function, inflammatory response, and metabolic dys-
function [4]. Among them, Clg/TNF-related protein-1
(CTRP1) is a 281-amino acid glycoprotein and an impor-
tant adipokine that is mainly associated with metabolic
and inflammatory pathways. It is expressed in adipose tis-
sue, placenta, and many other tissues. In clinical studies,
serum CTRP1 levels have been reported to be higher in
patients with metabolic syndrome and type 2 diabetes [5].

Studies have shown that CTRP1 is positively correlated
with body mass index, HbAIc, and blood glucose in pa-
tients with metabolic syndrome and type 2 diabetes [6].
Obesity also leads to increased concentrations of interleu-
kin (IL)-6 secreted by adipocytes and monocytes. These
tissues are activated via the nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB) pathway and
increase circulating IL-6 levels, which are associated with
a proinflammatory response and insulin resistance [7].
However, IL-6 has been shown to increase during skeletal
muscle contraction and in response to activation of the
MAPK/INK pathway, although it has been suggested that
it acts as an anti-inflammatory and insulin-sensitizing fac-
tor. Serum IL-6 levels have been reported to increase after
aerobic exercise, with the duration of exercise being a ma-
jor determinant of this increase [8]. C-reactive protein is
the most sensitive and robust predictor of cardiovascular
disease. It is a highly sensitive, acute-phase protein that
is induced during inflammation [9]. Some investigators
have suggested that exercise training and cardiorespira-
tory fitness are negatively correlated with inflammatory
markers such as CRP [10].

The need to develop therapeutic strategies to prevent
or treat obesity-related metabolic complications, which
are at greatest risk for health-threatening diseases, is a
research priority. Previous studies have shown that vig-
orous exercise increases pro-inflammatory cytokines in
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both healthy and trained subjects; however, there has been
no documented report on the effect of high-intensity ex-
ercise on the proinflammatory cytokine IL-6 response in
obese individuals. In other words, in addition to the posi-
tive effects of moderate-intensity exercise on adipocyte
function and fat oxidation in healthy, obese, and diabet-
ic individuals, there is no report on the effects of high-
intensity exercise on adipocyte function in obese type 2
diabetic individuals [8]. The present study was designed
to develop effective diagnostic and prognostic strategies
by evaluating changes in the levels of these variables in
obese individuals.

Methods

This study was a quasi-experimental investigation with
a pre-test-post-test design, including a control group. The
statistical population included obese and overweight men
living in Tabriz City, Iran with an age range of 40 to 50
years. Participants were selected after public information
through posting research announcements in sports ven-
ues and health centers by the researcher. Thirty of these
individuals who met the highest inclusion criteria were
selected as the research sample.

They were then divided into 3 groups of 10 people by
simple randomization, including the high-intensity in-
terval training group, the aerobic training group, and the
control group. Before the start of the study, all test con-
ditions were fully explained in a briefing session, and a
written informed consent form was completed and signed
by each participant. The high-intensity interval training
(HIIT) training protocol was designed to be performed in
three training sessions per week. High-intensity interval
training was performed on a 40-m track using 3 cones. Af-
ter familiarizing themselves with the environment and the
exercise method, each participant ran at maximum speed
from the starting point to the second cone, turned around,
and moved toward the third cone, and finally returned to
the starting point to complete the 40-meter distance.

This pattern was repeated for 30 s at an intensity of 90%
to 100% of maximum heart rate, and after 30 s of active
rest (60% to 70% HRmax), the protocol was repeated.
Exercise intensity was monitored using a Polar heart rate
monitor (model H10) to ensure that participants exercised
at 90%—100% of their maximum heart rate. The training
progression was designed based on increasing the num-
ber of 30-s repetitions from 4 sets (weeks 1 and 2), 5 sets
(weeks 3 and 4), and 6 sets (weeks 5 and 6). Between
each repetition, 30 s of active rest at an intensity of 60%—
70% of heart rate was included. The total duration of each
session included a 10-min warm-up, the main part of the

Yunes Karim Albayati S, et al. The Effect of Training on Inflammation in Obese Men. Sci J Rehab Med. 2026; 15(2):236-251.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html

Scientific Journal of

exercise, and a 10-min cool-down, with the average dura-
tion of each session varying between 25 and 35 min [20].
Moderate-intensity aerobic exercise was performed for 6
weeks, 5 sessions per week. Each training session con-
sisted of a 10-15 min warm-up (including slow walking
and dynamic stretching), 25-45 min endurance running
at 60%—75% of heart rate reserve, and a 10—15 min cool-
down (including light walking and slow stretching) at the
end. The main training time started at 25 min in the initial
sessions and gradually increased to 45 min in the fourth
week and was maintained until the end of the course.
Training intensity was monitored using a Polar heart rate
monitor (model H10). Blood samples were collected 48
h before the first training session (pre-test) and 48 h after
the last training session (post-test), after 10 to 12 h of fast-
ing. Finally, after blood collection, blood samples were
placed at room temperature for 20 min to clot, and then
the tubes containing the samples were centrifuged for 10
min at a speed of 3500-3000 rpm, and the separated se-
rum was stored in 4 separate microtubes at -20 °C. Serum
CTRP1 levels were measured by ELISA using a Cusabio
kit made in China, with a sensitivity of 0.039 ng/mL. In-
terleukin (IL)-6 was measured using a Diaclone kit made
in France, with an ELISA method, with a sensitivity of 7
pg/mL and an intra-assay coefficient of variation of 6.5%.
C-reactive protein (CRP) was measured by ELISA using
a BioWonder human kit made in Germany, with a sen-
sitivity of 0.04 mg/dL and an inter-assay and intra-assay
coefficient of variation of 5% and 4.7%.

To examine the differences in post-test values while
controlling for pre-test scores, analysis of covariance
(ANCOVA) was used. Paired t tests were applied to as-
sess within-group changes. When ANCOVA revealed
significant between-group differences, the LSD post-hoc
test was conducted for pairwise comparisons. All statisti-
cal analyses were performed using SPSS software,version
26, with a significance level set at P<0.05.

Results

According to Tables 1 and 2, the results of the between-
group analysis using ANCOVA with pre-test values as co-
variates indicated a significant difference between groups
in CTRP1 after 6 weeks (F=8.64, P=0.002, 1*=0.24). The
post-hoc LSD test revealed that CTRP1 levels signifi-
cantly decreased in both the HIIT and moderate-intensity
continuous training (MICT) groups compared to the con-
trol group (P<0.05), while the difference between the two
exercise groups was not significant (P>0.05). Similarly,
ANCOVA for IL-6 showed a significant between-group
difference (F=6.74, P=0.004, n*=0.18), with LSD indi-
cating that both HIIT and MICT significantly reduced
IL-6 compared to control (P<0.05), but no significant dif-
ference was observed between the two exercise groups
(P>0.05).

For CRP, ANCOVA also indicated a significant group
effect (F=14.00, P=0.001, n*=0.31), and LSD confirmed
significant reductions in both exercise groups relative to
control (P<0.05), while the difference between HIIT and

Table 1. Changes in mean and standard deviation of research variables in the study groups

Intra-group Inter-group
Variables Group Pre-test Post-test
t Sig. cv F Sig. n?
HIT 12.3+361.93  10.8+20/345 -5.42 0.001* -4.6
CTRP1 (ng.ml-1) MICT 30.3#361.72  15.2+350.15 -4.98 0.001* -3.2 8.64  0.002" 0.24
Control 2.63£360.89  2.80+361.40 -0.88 0.39 0.14
HIT 0.3816.12 0.3415.51 8.45 0.001* -9.96
IL-6 (pg.ml-1) MICT 0.376.11 0.36%5.57 7.52 0.001* -8.83 6.74  0.004* 0.18
Control 0.366.01 0.3416.04 1.59 0.14 0.49
HIT 0.25+3.87 0.27+3.42 8.29 0.001* -11.62
CRP (mg.dI-1) MICT 0.23+3.74 0.22+3.19 10.54 0.001* -14.70 14 0.001* 0.31
Control 0.3213.82 0.31+3.83 -0.55 0.59 0.26

#*Indicates inter-group statistical significance and * indicates intra-group statistical significance
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Table 2. Pairwise comparison of LSD post hoc test of the studied variables

Variables
CTRP1 IL.-6 CRP
Group
HIT Control 0.001* 0.002* 0.002*
MICT Control 0.001* 0.006* 0.001*
HIT MICT 0.48 0.7 0.07

* Statistical significance indication at P<0.05

MICT remained non-significant. These results suggest
that both HIIT and moderate-intensity aerobic training
effectively reduce inflammatory markers and CTRPI
in obese men, with a medium-to-large effect size for
the between-group effect. Within-group paired t test re-
sults showed a significant reduction in CTRP1 in the
HIIT group (t=5.42, P=0.002) and MICT group (t=4.98,
P=0.001), while the control group exhibited no significant
change (P=0.39). IL-6 decreased significantly in both
HIIT (t=8.45, P=0.001) and MICT (t=7.25, P=0.001)
groups, with no significant change in control (P=0.14).
Similarly, CRP significantly decreased in HIIT (=8.29,
P=0.001) and MICT (t=10.45, P=0.001) groups, but not
in the control group (P=0.59). Post-hoc LSD results are
presented in Table 2.

Conclusion

The results of this study indicate that both HIIT and
MICT effectively reduced inflammatory markers, in-
cluding IL-6 and CRP, as well as serum CTRP1 levels
in obese men. However, no significant differences were
observed between the two exercise modalities, suggesting
that the higher intensity of HIIT did not confer a notable
advantage over MICT in reducing these parameters. The
observed effects ranged from moderate to large, with the
reduction in CTRP1 likely reflecting a transient inflam-
matory response to the last training session and associated
changes in adipokine expression, while the decreases in
IL-6 and CRP indicate improvements in systemic inflam-
matory status and potential cardioprotective benefits of
the interventions.
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10. High Intensity Interval Training (HIIT)
11. Moderate Intensity Interval Training (MICT)
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13. Shapiro-Wilk Test
14. Levene's test
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12. Waist to Hip Ratio (WHR)
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15. Paired sample t test
16. Analyze of Covariance (ANCOVA)
17. least Significant Difference Test (LSD)
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19. Reactive Oxygen Species (ROS)
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