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Abstract

Background: Obesity is one of the most serious health problems associated with inflammation. It has been found
that functional and resistance physical activities improve obesity and inflammation. The aim of this study was to
investigate the effect High-intensity Functional training (HIFT) and Circuit resistance training (CRT) on serum
levels of the pro-inflammatory factor interferon gamma (IFN-y) in obese women.

Methods: Thirty-six obese women of Semnan city (age: 32.66 + 3.91, weight: 86.97 +9.08 and BMI> 30) were
selected and divided into three groups of HIIF (n =12), CRT (n = 12) and control (n = 12) were divided. HIIF
was performed in the form of cross-fit exercises and Circuit exercises in the form of weight training for 6 weeks.
Finally, the IFN-y was measured using the Human IFN-g Elisa kit 96t-zellbio. To examine the data, one-way
analysis of variance and dependent t-test at the level of p<0.05 were used and all calculations were performed
using SPSS software version 24.

Results: The results showed that there was no significant change in IFN-y level in training groups compared to
before training (P>0.05). Also, the results between groups did not show a significant difference in serum IFN-y
between HIIF and CRT (P>0.05).

Conclusion: Therefore, it seems that of exercise does not affect the dependent variable of serum interferon
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gamma levels.

Highlights

e  Obesity is one of the most serious health problems associated with
inflammation.

e  Functional and Circuit resistance training cannot decrease the serum
levels of IFN-y in obese women.

Introduction

Obesity is a severe health issue today associated with various diseases, such as
cardiovascular and metabolic disorders, atherosclerosis, type Il diabetes, and
metabolic syndrome (1). Obesity is also associated with chronic systemic
inflammation, which increases the production and release of pro-inflammatory
cytokines (2).

Interferon-gamma (IFN-y) is an important pro-inflammatory cytokine that
regulates the systemic inflammatory process (2). Resistance training is one of
the main sports training protocols, positively affecting various body organs (3).
Few studies have examined the effect of resistance training on inflammation,
indicating that this training is associated with reduced inflammation risk and
improved metabolic diseases (4).

A study showed that ten weeks of moderate-to-severe resistance training
inhibited inflammatory markers in older women (5). Furthermore, eight weeks
of resistance training has been associated with an increase in some anti-
inflammatory agents in obese women (6). In another study, resistance training
increased IL-4 and IL-6 and decreased IFN-y (7).

High-intensity functional training (HIFT) is a relatively new resistance
training method that emphasizes functional and multi-joint exercises that
significantly improve cardiovascular endurance, strength, and maximum
oxygen consumption (8). Recently, a HIFT program was reported to be effective
in improving cardiorespiratory and neuromuscular fitness without significant
inflammation. Additionally, the HIFT program reported a decrease in the body
fat percentage of active individuals (9). Therefore, HIFT may be a potentially
useful strategy to combat obesity and inflammation.

Circuit resistance training (CRT) is another type of resistance training, a
popular training intervention that could increase anti-inflammatory markers and
improve body composition in obese individuals (10).

Despite limited studies on the effects of resistance training on inflammation
and the potential mechanisms of the training effects on obesity-related
inflammation, no findings are available to compare the effects of HIFT and
circuit exercises on the IFN-y in obese women. The present study aimed to
evaluate the effects of six weeks of HIFT and CRT on the serum levels of IFN-
vy in obese women.

Methods

Participants

This quasi-experimental study was conducted with a pretest-posttest design on
two experimental and control groups. The sample size was calculated according
to previous research, and in total, thirty-six obese women aged 20-40 years were
selected according to the inclusion and exclusion criteria. The participants were
randomly divided into two experimental groups (n=12 in the HIFT group, n=12
in the CRT group) and a control group (n=12).

The inclusion criteria of this study were as follows: 1) no chronic diseases,
injuries, or conditions limiting participation in physical activities; 2) body mass
index (BMI) of >30 kg/m?% 3) no history of sleep disorders; 4) no smoking
habits; 5) no use of supplements, alcohol, and caffeinated substances; 6) not
receiving medication therapy. The exclusion criteria were as follows: 1) absence
of more than one session in the exercise intervention; 2) occurrence of accidents
or injuries; 3) knee disorders; 4) presence of interfering factors in active
participation in the training program.

Initially, the participants were invited to the laboratory location, and
demographic data were collected on their age, height, weight, and BMIL
Afterwards, the subjects of the intervention groups implemented the desired
protocol. Blood samples were obtained before the intervention after 12 hours of
fasting and 48 hours since the last training session to measure the serum levels
of IFN-y.

Training Protocols

The participants were introduced to the correct technique of exercise, breathing
techniques, and performing the exercises in a gym under the supervision of an
instructor before starting the intervention. Before performing circuit resistance
exercises, the participants had a 10-minute warm-up (stretching and flexibility).
The circuit resistance protocol included arm curl, triceps push-down, chest
press, rowing, abdominal crunches, leg press, and leg curl exercise. The
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exercises were performed in three weekly sessions with 40-50% of one
repetition maximum (Table 1) (11). At the beginning of training and in the fourth
and sixth weeks, maximum strength was measured using the one maximum
repetition test (2).

Table 1. Circuit resistance training program

Rest time Repetitions Training time Number of  Number of
between (minute) Exercise Training
Each Set Second First Second First Sessions Weeks
(second) three three three three
weeks* weeks* weeks weeks
90-60 12 8 45 30 3 6

*Exercises in each session: forearm, back arm, chest press, rowing, abdominal crunches, leg
press, knee flexion

HIFT protocol was performed in line with the study by Feito et al. The total
training period was 18 sessions (six weeks), and each session was approximately
60 minutes. The HIFT sessions were supervised by a resistance training
instructor (Table 2) (12).

Table 2. HIFT training program

Rest Training sessions Duration Number Number
time 2-18 1-2 of each of of
between Session exercise training
each Set (minute) sessions weeks
(second)
90-60 Practice Practice 60 3 6
according according
to WOD to WOD

*Squats, dead-lift, press, barbells, dumbbells, medicine ball exercises, bar fix, rotating kettle
bell; **aerobic exercises (e.g., running, tug of war), weight-bearing exercise (e.g., horizontal
stretching, squats), and weightlifting (e.g., front squats, kettlebell spins)

Post-test blood samples were obtained to measure biochemical variables
after 12-14 hours of fasting and 48 hours before the last training session. For
this purpose, 11 milliliters of venous blood were collected from the brachial vein
after five minutes of rest. The blood samples were centrifuged at 1,500 rounds
for 15 minutes to prepare the serum, and the obtained serum was preserved at -
80°C for further analysis. The IFN-y inflammatory agent was measured using
the Human IFN-g Elisa kit (model: 96t-zellbio, made in Germany).

Data analysis was performed in SPSS version 24 using the Shapiro-Wilk
test to determine the natural distribution of data among the groups. In addition,
Levene’s test was used to assess the homogeneity of variance between the
groups. One-way analysis of variance (ANOVA) and dependent t-test were also
applied at the significance level of P<0.05. The null hypothesis of the research
was investigated with a probability of error of P<0.05.

Results

Table 3 shows the anthropometric indices of the subjects before and after six
weeks of training. The group results showed no significant difference in weight,
waist-to-hip ratio, or BMI between the HIFT and CRT training groups (P>0.05).
In addition, the inter-group results showed no significant change in the weight,
waist-to-hip ratio, and BMI between the training and control groups (P>0.05)
(Table 3).

Table 3. Mean anthropometric indices in three groups of subjects before and after six weeks of

training
Variable Group Pretest Post-test Pretest-posttest F P-value
(mean £SD) (mean+SD) Difference Test
HIFT 87.16+10.79 86.37+10.79 -0.79+0.87
Weight
(e) Cireuit 92.529.62 91.20£9.60 Toss04ar B 0.238
Control 80.70+6.84 80.29+7.31 -0.41£0.92
‘Waist-to- HIFT 0.872+0.10 0.877+1.10 0.0045+0.92 225 0.143
hip ratio
Circuit 0.897+0.05 0.811+0.06 -0.089+0.02
resistance
Control 0.818+0.06 0.814£0.07 -
0.004+0.004
HIFT 32.18+3.80 31.74+3.44 0.44+0.75 0.590 0.564
BMI
(kg/m?)
Circuit 30.11£3.34 29.70+3.57 -0.41£0.50
resistance
Control 31.15£1.16 31.2£1.05 -0.13+0.44

Table 4. Dependent t-test results of intragroup comparison of serum IFN-y levels in experimental

groups
Groups Pretest Post-test Degree t Significance
¢ +SD) ¢ +SD) of
Freedom
Experimental 24.37+26.14 10.36+27.17 11 - 0.754
(circuit 1.231
resistance
training)
Experimental 11.95+22.11 27.93+17.95 11 - 0.244
(HIFT) 0.322

serum IFN-y levels (P>0.05). In addition, there was no significant difference
in serum IFN-y levels between the training and control groups (P>0.05)
(Figure 1 and Table 4).
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Figure 1. Pretest and post-test changes in serum IFN-y levels (ng/ml) in study groups

Discussion

According to the intragroup and intergroup results of the present study, six
weeks of HIFT and CRT had no significant effects on the IFN-y levels of
obese women. Weight and fat gain are associated with the accumulation of
macrophages in the adipose tissue and the increased expression of pro-
inflammatory proteins. Therefore, the inflammatory profile of the adipose
tissue increases in obese individuals (2). Activated macrophages release pro-
inflammatory cytokines significantly associated with body mass (13). IFN-
v is one of these pro-inflammatory cytokines, which increases in the setting
of systemic inflammation due to obesity (2). Increased pro-inflammatory
markers in the adipose tissue of obese individuals increase insulin resistance,
endothelial dysfunction, and atherosclerosis (14).

A growing interest exists in using lifestyle-related interventions (e.g.,
increased physical activity) to reduce chronic inflammation and the risk of
various diseases. In this regard, the results obtained by Petersen et al. (2005),
Brinkley & Nicklas (2009), and Lavie et al. (2011) confirmed the positive
effects of exercise on chronic inflammation (15-17). However, the specific
effects of exercise training on chronic obesity inflammation and the potential
underlying mechanisms require further investigation (18). Limited studies
have focused on the effect of resistance training on the serum levels of
inflammation-related IFN-y, and no research has used HIFT and CRT
regarding their impact on IFN-y. In a study conducted by Larsen et al.
(2001), no changes were reported in the levels of IFN-y during and after
resistance training, which is consistent with the results of the present study
(19). On the other hand, White et al. (2006) reported that performing an
eight-week resistance training course could reduce IFN-y levels at rest (20).
In addition, Pour et al. (2015) and Nurtjahja et al. (2003) reported that a 16-
week resistance training intervention could decrease pro-inflammatory
cytokines such as IFN-y (7, 21). Furthermore, Phillips et al. (2012) stated
that 18 weeks of moderate-to-severe resistance training reduced
inflammatory markers in active women (22). On the other hand, Libardi et
al. (2012) reported that 16 weeks of resistance training had no significant
effects on the inflammatory markers of healthy middle-aged men (23).

The current research findings demonstrated that CRT and HIFT had no
significant effects on the anthropometric indices of obese women. According
to the literature, the levels of inflammatory markers are often higher in obese
individuals than those with normal weight. Accordingly, weight loss in obese
subjects could decrease the levels of some inflammatory markers (24). The
accumulation of macrophages in the adipose tissue is proportional to the
degree of obesity (25). In the present study, CRT and HIFT had no significant
effects on weight loss and fat percentage. Therefore, it could be concluded
that the ineffectiveness of these exercises in decreasing the serum levels of
IFN-y was associated with no weight loss and the body composition of obese
women.

Seemingly, various responses of inflammatory indicators in previous
studies are due to differences in the implemented exercise programs and
training protocols, participants’ training history, duration and intensity of
training, exercise habits, and adaptation to exercise (7,26). Similarly,
Jeurissen et al. (2003) confirmed this claim by stating that physical activity
has varying effects on the human immune system depending on its duration
and intensity (27). For instance, gentle, continuous, and regular exercise
increases the body’s resistance to infections (e.g., upper respiratory tract
infections) by boosting the immune system. On the other hand, intense
exercise significantly reduces the body’s resistance to such infections (28)
and increases pro-inflammatory cytokines. In this regard, Pedersen et al.
(2000) stated that the presence of several cytokines in the urine after intense
exercise indicated the expression of cytokines in response to exercise (29).

In two other studies, strenuous exercise was shown to increase the
number of various stress inflammatory cells, such as Iymphocytes (T, B,
and NK), monocytes, and neutrophils, all of which could produce a wide
range of cytokines, secreting and releasing growth factors (30, 31). In
addition, Fish et al. (2003) reported that physical activity has a dual effect
on inflammation, and intense and prolonged physical activity increases
inflammation and infection (32).
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Jahromi Sotoudeh et al. (2014) showed that endurance training
significantly affected the serum levels of IFN-y in sedentary men (33). The
results of the present study in this regard were not considered significant in
the experimental groups. However, HIFT is an effective strategy in
maintaining interest and pleasure in sedentary individuals (8) and seems to
be a potentially beneficial strategy in battling obesity and inflammation
(34).

Limitation

One of the essential limitations of the current research was the spread of the
coronavirus, the loss of samples, and the shortness of the training period. It
is suggested that the same exercise protocol should be performed over a
longer period and with more subjects in future research.

Conclusion

The results of the present study showed that HIFT and CRT did not reduce
the serum levels of IFN-y in obese women. Given that this study was the
first to compare the effects of circuit resistance training and HIFT and data
are scarce, further investigation is required to reach a definitive conclusion.
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