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Abstract
BACKGROUND: Increased inflammatory mediators in obesity are associated with metabolic syndrome. Exercise 
is an effective effort to reduce the incidence of obesity. The high-intensity interval training (HIIT) program is an 
exercise which includes combination of high-intensity exercise and rest periods. The decrease in body fat levels 
due to physical training will further affect inflammatory mediators such as interleukin (IL)-6 and tumor necrosis factor 
(TNF)-α. Besides training factor, genetic also plays a role on obesity. One of the genes that influence obesity is the 
UCP2 Ala55Val gene.

AIM: This research aims to determine the effect of HIIT on the levels of inflammatory mediators in obese patients 
based on the study of the UCP2 Ala55Val gene.

METHODS: This study was a quasi-experimental pre- and post-design without control group. Thirty obese women 
(body mass index [BMI] ≥25  kg/m2) were given HIIT as an intervention by comparing the data before and after 
the intervention. The training intervention was conducted for 12 weeks, consisting of 2 weeks of adaptation and 
10 weeks of HIIT intervention. The body weight (BW), BMI, and inflammatory mediators (TNF-α and IL-6) before 
and after the intervention were analyzed using the dependent t-test and Wilcoxon test as a non-parametric test. 
Independent t-test and Mann–Whitney U-test used to determine the effect of the UCP2 Ala55Val gene on changes in 
BW, BMI, and the inflammatory mediator. The test results were considered significantly different if p < 0.05.

RESULTS: Bivariate analysis using dependent t-test showed that HIIT significantly improved BW, BMI, and IL-6 
with p = 0.0001. Wilcoxon test showed that HIIT significantly improved TNF-α with p = 0.0001. Independent t-test 
showed no difference in BW (p = 0.719), BMI (p = 0.663), and TNFα (p = 0.264) improvement in the two genotypes 
of the UCP2 Ala55Val gene. Mann–Whitney U-test showed no difference in IL-6 (p = 0.288) improvement in the two 
genotypes of the UCP2 Ala55Val gene.

CONCLUSION: The research concludes that the 12-week HIIT interventions improved inflammatory mediators by 
reducing IL-6 and TNF-α in obese women. There was no effect of UCP2 Ala55Val genetic variation on the response 
to training intervention.
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Introduction

Obesity is a condition of fat accumulation 
in adipose tissue that affects health. The worldwide 
prevalence of obesity is increasing from year to year. 
By 2030, it is estimated that 20% of the adult population 
has the potential to become obese [1].

Obesity happens when fatty acids accumulate 
in adipocytes which result in cells hypertrophy 
and hyperplasia. Hypertrophic adipocytes secrete 
inflammatory substances that will attract macrophages 
which then infiltrate adipose tissue. Macrophages 
then stimulate the release of adipokines, including 
inflammatory mediators such as tumor necrosis factor 
(TNF)-α and interleukin (IL)-6 [2], [3].

Excessive secretion of inflammatory mediators 
will damage endothelial cells, cause vascular occlusion, 
reduce regional blood flow, and increase endothelium 
permeability. TNF-α and IL-6 are cytokines involved 
in the systemic inflammatory response, but they 
have also  been associated with insulin resistance 
and diabetes  [4]. Increased inflammatory mediators 
in obesity are associated with metabolic syndrome. 
Therefore, obesity is also referred as the base 
pathogenesis for other diseases such as metabolic 
syndrome. Controlling inflammatory mediators in obese 
patients also prevent obesity from developing into 
metabolic syndrome, which is a complication of obesity.

Exercise is an effective effort to reduce 
the incidence of obesity. The high-intensity interval 
training (HIIT) program is an exercise which includes 
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combination of high-intensity exercise and rest 
periods [5]. HIIT is considered a training that is time 
effective and reduces body fat levels. The mechanism 
of fat loss in HIIT is thought to be related to excess 
post-exercise oxygen consumption (EPOC). EPOC is 
defined as oxygen consumption that still occurs seven 
after physical exercise is completed [6]. Large EPOC 
means greater total energy expenditure. The amount of 
the EPOC is linearly related to the training volume but 
is also exponentially related to the training intensity [6]. 
The higher the intensity of exercise, such as in HIIT, 
the higher the EPOC. The decrease in body fat levels 
due to physical training will further affect inflammatory 
mediators such as IL-6 and TNF-α.

Besides training factor, genetic also plays 
a role on obesity. One of the genes that influence 
obesity is the UCP2 Ala55Val gene. Variation of 
the UCP2 Ala55Val gene has been associated 
with the 24 h energy output [7], [8], [9]. In addition, 
variation in the UCP2 Ala55Val gene mutates the 
amino acid alanine (GCC) to valine (GTC) at codon 
number 55. This mutation affects a decrease in 
resting energy expenditure 24  h and a reduction in 
the rate of fat oxidation so that it can increase the risk 
of obesity  [10].

Therefore, this research aims to determine 
the effect of HIIT on the levels of inflammatory 
mediators in obese patients based on the study of the 
Ala55ValUCP2 gene. Exercise therapy based on gene 
variation can contribute to the therapy on preventing 
obesity complications.

Methods

This study was a quasi-experimental 
pre-  and post-design without control group. The 
subjects were given HIIT as an intervention by 
comparing the data before and after the intervention. 
The intervention was conducted for 12  weeks, 
consisting of 2 weeks  of adaptation and 10 weeks 
of HIIT intervention.

A purposive sampling method was used to 
collect this study population. The sample size required 
30 obese women (body mass index [BMI] ≥25 kg/m2). 
The sample size was calculated using the formula for 
paired numerical analytical research.
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The inclusion criteria for study subjects were 
18–34 years old, had a history of inactive lifestyle for 
the past 6  months, were declared healthy and fit for 

physical exercise, and were willing to be the subjects. 
Subjects taking weight loss drugs/supplements were 
excluded from the study. The dropout criteria were that 
they could not finish the intervention according to the 
predetermined program.

Measurement of research variables

Body composition measurement on BMI used 
data on body weight (BW) and height (H) and the formula 
for BW (kg)/height (m2) in units of kg/m2. Measurement 
of inflammatory mediators, both TNF-α and IL-6, using 
the ELISA method, with units of pg/mL. The examination 
of the genetic variation of UCP2-Ala55Val used the 
polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) method. The PCR-RFLP 
method was based on the digestion of PCR amplicons 
with appropriate restriction enzymes to produce distinct 
polymorphic fragments used as markers for species 
identification.

Training intervention

Training interventions were conducted for 
12 weeks, with a frequency of 3 times/week and based 
on the COVID-19 prevention health protocol. The type 
of training was cycling. HIIT is an intermittent period of 
exercise separated by a recovery period. The 2 weeks 
of training adaptation were performed with an exercise 
regimen of 3 × 3 min intervals (85–95% maximum heart 
rate [HR]) and 4 × 4 min of rest/recovery (60% maximum 
HR). The 10 weeks of intervention were performed with 
an exercise regimen of 4 × 4  min intervals (85–95% 
maximum HR) and  3  ×  3  min of rest/recovery (60% 
maximum HR) [11], [12].

Data analysis

The BW, BMI, and inflammatory mediators 
(TNF-α and IL-6) before and after the intervention were 
analyzed using the dependent t-test and Wilcoxon 
test as a non-parametric test. Independent t-test and 
Mann–Whitney U-test used to determine the effect 
of the UCP2 Ala55Val gene on changes in BW, BMI, 
and the inflammatory mediator. The test results were 
considered significantly different if p < 0.05.

Research ethics

The study had received an Ethics Committee 
Approval from the Medical and Health Research Ethics 
Committee Faculty of Medicine, Public Health and 
Nursing Universitas Gadjah Mada-DR. Sardjito General 
Hospital (Ref. No: KE/FK/0258/EC/2020).
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Results

Table  1 shows BW, BMI, IL-6, and TNF-α 
results before and after an intervention.

Based on Table 1 and Figure 1, there was an 
improvement in BW, BMI, IL-6, and TNF-α after the HIIT.

Bivariate analysis used to determine whether 
exercise training interventions affect BW, BMI, and IL-6 
using dependent t-test. Wilcoxon test used to determine 
whether exercise training interventions affect TNF-α. 

Table 2 shows that HIIT significantly improved BW, BMI, 
IL-6, and TNF-α with p < 0.05.

The genetic variation of UCP2 Ala55Val 
is expected to influence energy expenditure, thus 
affecting  the  development of obesity. A  total of 30 
study subjects were conducted to the UCP2 Ala55Val 
examination. The  genotype results were that 23 
subjects (76.7%) had the Ala55 (CC)  variant, and 7 
study subjects (23.3%) had the  Val55 (TT) variant. 
There was no CT variant in the study subject (Figure 2).

Independent t-test was used to analyze the effect genetic 
variation on the response of BW, BMI, and TNF-α. To 
analyze the effect of genetic variation on the response 
of IL-6, Mann–Whitney U-test was used  because the 
data were not normally distributed. Table 3 shows the 
effect of genetic variation on the response to training, 
there were no differences in BW, BMI, IL-6, and 
TNF-α improvement in the two genotypes of the UCP2 
Ala55Val gene.

Table 3: The effect of UCP2 Ala55Val gene on training responses 
of BW, BMI, and TNF-α
Variable n Mean difference p-value
Delta on BW

The Ala55genotype (CC) 23 1.75 ± 1.81 0.719
The Val55 genotype (TT) 7 1.49 ± 0.99

Delta on BMI
The Ala55genotype (CC) 23 0.71 ± 0.73 0.663
The Val55 genotype (TT) 7 0.59 ± 0.38

Delta on TNF-α
The Ala55genotype (CC) 23 1.39 ± 1.91 0.264
The Val55 genotype (TT) 7 0.56 ± 0.33

Delta on IL-6
The Ala55genotype (CC) 23 1.85 ± 1.23 0.288
The Val55 genotype (TT) 7 1.25 ± 0.42

BMI: Body mass index, BW: Body weight, TNF: Tumor necrosis factor.

Discussion

This study was conducted on female subjects 
with obesity. Obesity is a chronic low-grade inflammatory 
condition characterized by an increased in inflammatory 
mediators, such as IL-6 and TNF-α. IL-6 and TNF-α as 
inflammatory mediators are associated with obesity 
complications that begin with chronic inflammation and 
long-term insulin resistance. IL-6 works by inducing 
phosphorylation of tyrosine insulin receptor substrate 1 
so that insulin cannot bind to its receptor [13]. However, 
in this study, the data showed IL-6 levels in subjects 
(obese women) were still at normal levels (<11 pg/ ml). 
This may be because the research subjects were 
healthy obese women, that is, they do not have chronic 
diseases, allergies, and acute or chronic infections (in 
subjects’ inclusion and exclusion criteria).

This study proved that HIIT can improve BMI 
and inflammatory mediators in obese patients. The 
results of this study were aligned with the research 
conducted by Neto (2016). Neto investigated the effect 
of HIIT on IL-6 and TNF-α levels in overweight and obese 
adults. HIIT was considered to significantly reduce IL-6 

Table 1: Characteristics of research subject
Variable n Mean ± SD Median Min-max
Age 30 23.73 ± 5.15 21.0 18.00–34.00
BW pre-intervention 30 73.54 ± 11.99 73.45 51.40–104.70
BW post-intervention 30 72.16 ± 11.42 71.85 51.30–102.60
BMI pre-intervention 30 29.57 ± 4.80 29.05 23.10–44.70
BMI post-intervention 30 29.00 ± 4.50 28.25 22.50–43.80
IL-6 pre-intervention 30 4.08 ± 1.33 4.17 1.18–8.17
IL-6 post-intervention 30 2.67 ± 0.85 2.48 1.57–5.85
TNF-α pre-intervention 30 4.43 ± 1.98 4.06 2.65–10.58
TNF-α post-intervention 30 3.39 ± 0.74 3.15 2.33–5.36
BMI: Body mass index, BW: Body weight, TNF: Tumor necrosis factor.

Table 2: The effect of HIIT on BW, BMI, and IL-6
Variable n Mean ± SD p value
BW pre-intervention 30 73.54 ± 11.99 0.0001
BW post-intervention 30 72.16 ± 11.42
BMI pre-intervention 30 29.57 ± 4.80 0.0001
BMI post-intervention 30 29.00 ± 4.50
IL-6 pre-intervention 30 4.08 ± 1.33 0.0001
IL-6 post-intervention 30 2.67 ± 0.85
TNF-α pre-intervention 30 4.43 ± 1.98 0.0001
TNF-α post-intervention 30 3.39 ± 0.74
HIIT: High-intensity interval training, BMI: Body mass index, BW: Body weight, TNF: Tumor necrosis factor.
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Figure 1: Characteristics of research subject based on intervention
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levels from a mean of 3.5 ± 2.2 pg/ml to 2.4 ± 2.0 pg/ml 
after 16 weeks of intervention. The study also showed 
a higher reduction of TNF-α than this study, which 
was 2.0 pg/ml. This may be because of the difference 
in duration and frequency of the intervention. Neto’s 
study was conducted for 16 weeks, whereas it was only 
12 weeks in this study. The training program in Neto’s 
study used the walking/running method on a treadmill 
for 16 weeks with a frequency of 5×/week, 30 min, and 
an intensity of 70% maximum HR [14].

Research conducted by Ahmadizad (2015) 
showed different results. There was no significant change 
in IL-6 levels before and after HIIT intervention  [15]. 
This was due to a shorter training period of 6  weeks 
and a different training method like walking or running. 
Regular intensity and duration of activity can also affect 
cytokine responses [16].

Factors that can influence physical exercise 
on IL-6 and TNF-α levels are the characteristic and the 
intensity of the training [16]. HIIT consists of a short 
period of high-intensity physical exercise followed by a 
period of rest. On a long term, HIIT can reduce body fat 
mass. Reduced fat will cause a decrease in macrophage 
invasion in adipose tissue, thereby reducing the 
production of inflammatory mediators such as IL-6 and 
TNF-α. Therefore, long-term HIIT has a significant effect 
on lowering IL-6 and TNF-a levels. Decreased IL-6 and 
TNF-α will reduce the risk of obesity developing into 
other diseases, such as metabolic syndrome [6], [17].

The results on the genetic variation of UCP2 
Ala55Val study proved that there was no effect of 
genetic variation on the response to training. There was 
no difference between the CC and TT genotype variants 
in response to inflammatory mediators improvement 
after training intervention. The genetic variation of 
UCP2 Ala55Val can cause a decrease in energy 
expenditure, reduce fatty acid oxidation, and affect 
mRNA transcription and stabilization, which increased 
the risk of obesity [18]. The UCP2 gene is a biological 
candidate for a role in the regulation of the inflammatory 
response. The gene is expressed in a wide variety of 
cells, including spleen cells, macrophages, and T cells.

Moreover, the UCP2 protein functions as 
a downregulator of reactive oxygen species (ROS) 
generation [19]. In addition, ROS can activate the 
transcription factor NF-kB, which is ubiquitously 
expressed and mediates the expression of genes 
involved in the acute inflammatory response, including 
the cytokines IL1–IL6 and IL-8 [20]. However, the study 
could not prove the effect of UCP2 Ala55Val gene on 
inflammatory mediators improvement after training 
intervention.

The limitation of this study was unable to 
obtain a complete genetic variation of UCP2. From 30 
research participants, only two genotype alleles were 
obtained, which are CC and TT. This study did not 
find genotype  CT as UCP2 Ala55Val variation gene, 

so it was difficult to conclude the effect of UCP2 gene 
variation on improving inflammatory mediators on HIIT 
interventions. The small number of participants may 
decrease the power to detect differences between the 
intervention groups.

Based on the study’s limitations, it can be 
suggested to take more participants and meet the 
availability of three types of genotypes in the Ala55Val 
UCP2 genetic variation.

Conclusion

The research concludes that the 12-week 
HIIT interventions improved inflammatory mediators 
by reducing IL-6 and TNF-α in obese women. HIIT 
can be used as a therapy for obese patients, mainly to 
prevent obesity complications by reducing inflammatory 
mediators. There was no effect of the UCP2 Ala55Val 
genetic variation on the response to training intervention.

Applicable Remarks

HIIT can be used as an alternative therapy 
for people with obesity, mainly to prevent obesity 
complications. To determine the effect of the Ala55Val 
UCP2 gene further research is required, with a larger 
number of participants and the availability of a complete 
Ala55Val UCP2 genotype.
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