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Abstract 
    Background: Obesity is considered a multisystem disease associated with higher mortality and morbidity in adults. This study 
explored the effects of two Moderate-Intensity Continuous Training (MICT) and High-Intensity Interval Training (HIIT) on body 
composition, maximal oxygen uptake (VO2max), and the gene expression of angiotensin-converting enzyme 2 (ACE2), fibronectin type 
III domain-containing protein 5 (FNDC5), and NLR family pyrin domain containing 3 (NLRP3) in adults with obesity.  
   Methods: In a randomized controlled trial, 36 obese, inactive subjects (age: 45.16 ± 3.13 yrs.; mean,  BW: 112.38 ± 20.1 kg, Height: 
1.67 ± 0.07,  and BMI: 39.66 ± 6.07 kg/m2) were randomly assigned to one of three groups: HIIT: (n = 12), MICT (n = 12), and control 
(n = 12). Both exercise groups received 40 min of training per session (three times/week) for eight weeks. Body composition, body fat 
percentage (BFP), VO2max, and the gene expression of ACE2, and NLRP3, were taken pre- and post-intervention using the qRT-PCR 
technique. The data were analyzed using SPSS software via parametric (ANOVA and ANCOVA) and non-parametric tests (Mann 
Whitney U and Kruskal-Wallis).   
   Results: Our results showed that HIIT and MICT protocols could be effective in normalizing body composition measurements and 
VO2max, but HIIT could reduce body fat percentage (BFP) in obese subjects. Moreover, HIIT and MICT could significantly reduce the 
gene expression of NLRP3 (p < 0.0001) and ACE2 (p < 0.0001), while increasing the gene expression of FNDC5 (p < 0.0001). There 
were negative correlations between the gene expression of FNDC5 and NLRP3, as well as ACE2. Furthermore, increased FNDC5 was 
negatively correlated with BFP (r =  0.392, p < 0.001).  
   Conclusion: Overall, our results indicated that HIIT and MICT protocols had the greatest impact on the gene expression of NLRP3, 
ACE2, and FNDC5. 
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Introduction 
Today, obesity is considered a multisystem disorder re-

lated to higher adult morbidity and mortality (1, 2). The in-
creasing obesity prevalence rates make it a major public 

health problem that influences both developing and devel-
oped countries (3).  Obesity can also aggravate the severity 
of respiratory diseases (4). Previously, it has been shown 
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↑What is “already known” in this topic: 
The relationship between obesity and severe COVID-19 has been 
reported. The beneficial effects of exercise on obesity have been proven 
in several studies.   
 
→What this article adds: 

In a randomized controlled trial, the effects of high-intensity interval 
training (HIIT) and moderate-intensity continuous training (MICT) on 
body composition and ACE2, NLRP3, and FNDC5 gene expression 
were investigated in obese adults. The result showed that protocols 
effectively down-regulated the gene expression of ACE2 and NLRP3 
and up-regulated the FNDC5. HIIT and MICT can be used for the 
protection of obese subjects against COVID-19.  
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that chronic medical conditions, e.g., diabetes, obesity, hy-
pertension, and cardiovascular diseases (CVDs), are asso-
ciated with the development of adverse COVID-19 out-
comes (5). This problem has been increasingly detected as 
a predictive factor in the current coronavirus disease 2019 
(COVID-19) pandemic due to infection with SARS-CoV-2 
(6, 7).  

Angiotensin-converting enzyme 2 (ACE2) has been con-
sidered a critical part of the renin-angiotensin system 
(RAS) and is involved in the regulation of body homeosta-
sis through the angiotensin pathways (8, 9). In addition, the 
development of severe illness of COVID-19 is possibly 
correlated with the expression of ACE2, used by SARS-
CoV-2 to invade human alveolar epithelial cells (9). ACE2 
is over-expressed in adipocytes, which is associated with 
the overactivation of RAS in obese patients, and turns adi-
pose tissue into a viral reservoir (10). Therefore, obesity 
and insulin resistance are strongly linked with RAS activ-
ity. Furthermore, the function of RAS is accompanied by 
mitochondrial dysfunction and immune responses (11). 

The NLR family pyrin domain containing 3 (NLRP3) in-
flammasome, a crucial part of the innate immune system, 
can cause inflammation following SARS-CoV-2 infection. 
This may worsen the release of inflammatory mediators in 
obese patients (12). The NLRP3 complex, consisting of 
NLRP3 protein, caspase-1, and apoptosis-associated speck-
like protein (ASC), triggers the secretion of pro-inflamma-
tory mediators, e.g., interleukin 1α (IL-1α) and Il-18, via 
gasdermin pores commonly found in pyroptotic cell death 
(13). Furthermore, the extracellular domain of fibronectin 
type III domain containing 5 (FNDC5) is cleaved into 
irisin, a myokine abundantly detected in the muscle (14). 
Irisin has been proven to participate in the control of several 
physiological functions in mammals (15).  FNDC5 exhibits 
potential beneficial impacts on COVID-19 consequences 
via anti-obesity and anti-inflammatory functions (16-18).  

Nowadays, because overweight people and the obese 
population are a COVID-19 vulnerable group, it is more 
crucial than ever to study relationships that may result in 
the formation of strategies with the goal of national health 
promotion (19, 20). Physical activity (PA, body movement 
that is performed by skeletal muscles that require energy) 
and regular exercise (a structured, purposeful, and repeti-
tive PA) at home or in other safe environments have been 
considered promising strategies to boost the immune sys-
tem during the COVID-19 pandemic (21, 22). PA can have 
benefits beyond weight loss, including improvements in 
quality of life, feelings, function, and sleep (23). Individu-
als with overweight and obesity with a high risk for 
COVID-19-related hospitalization are more likely to be in-
volved in regular PA in their programs (24). PA can reduce 
not only the release of inflammatory markers associated 
with chronic kinds of low-grade inflammation but also the 
acute inflammatory response triggered by various adverse 
stimuli (25). It was shown that PA with moderate and high 
intensity and duration in the training period could reduce 
inflammatory factors (26) 

In this clinical trial, our aim was to assess the impacts of 
two aerobic training strategies, including high-intensity in-
terval training (HIIT) and moderate-intensity continuous 

exercise training (MICT), on body composition and ACE 
gene expression, maximal oxygen uptake (VO2max) and 
body composition were assessed pre-and post-intervention 
in the obese people. Then, the gene expression of ACE2, 
NLRP3, and FNDC5 was examined in the blood samples 
of healthy obese subjects. 

 
Methods  
Study Subjects 
This study was an 8-week randomized-controlled trial 

(IRCT20220105053631N1, registered 01 January 2022, 
available on  https://www.irct.ir/trial/61202). In this study, 
36 obese subjects (18 males and 18 females; mean age:  
45.16 ± 3.13 years; mean weight: 112.38 ± 20.1 kg; mean 
height: 1.67 ± 0.07; and mean body mass index [BMI]: 
39.66 ± 6.07 kg/m2) were invited to the study through ad-
vertisements (posters, social media platforms, SMS, and 
email).  This population had received two doses of the 
COVID-19 vaccine (including Sinopharm, Bharat, Astra-
Zeneca, or  Sputnik) and at least two months had passed 
since the injection of their second dose of vaccine.  The 
subjects with the following characteristics were included: 
age of 40- 50 years, BMI>30 kg/m2, waist-to-height ratio 
(WHtR)>0.6, non-smokers, being sedentary with no 
chronic disorders (e.g., hypertension, CVDs, and type 2 di-
abetes), no treatment with mental or hormonal medication, 
and without drinking alcohol, not regular PA in the last six 
months. Individuals who took medications and dietary sup-
plements, e.g., beta-blockers, amino acids, calcium channel 
blockers, beta-agonists, and corticosteroids) that influence 
the metabolism of adipose tissue or muscle were excluded 
from the study. Women were not pregnant or lactating. The 
physical activity readiness questionnaire (PAR-Q) was 
filled out by each participant (27) and their medical health 
status was assessed by a physician. All participants volun-
tarily signed an informed consent form. The study was done 
based on the Helsinki Declaration (Nathanson, 2013) and 
accepted by the Ethics Committee of the Islamic Azad Uni-
versity (Ethics code: IR.IAU.TNB.REC.1400.102). 

  
Study Groups 
Before collecting the baseline data, all procedures and 

testing were explained to the subjects. Then, three groups 
of subjects were randomly selected (n=12 in each group): 
HIIT, MICT, or control. Data  collection was performed at 
two-time points; 1) baseline measurements 48 h before 
starting the investigation and 2) eight weeks measurements 
48h after the last PA at the same time of the day (within 
~1h) with the same conditions (~50-55% humidity and 
~20°C heat). Furthermore, every subject was requested to 
be on his/her usual eating diet for the investigation dura-
tion. All participants were living in the same facility, as 
they were mostly related to middle-class households.  

 
Sample size and randomization   
The sample size was calculated to find a significant dif-

ference among study measurements with a confidence in-
terval (CI) of 95% and a power value of ≥80%.  For the 
sample size calculation, G*Power software (University of 
Trier, Trier, Germany) was used based on generic moderate 
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effect sizes (Cohen’s ƒ=0.5), error of 0.05 of previously 
published studies (28). The sampling method in this study 
was classified as randomization. Finally, 36 people (18 men 
and 18 women) were studied in this investigation. Since the 
expression of the effect of the interventionists may have a 
significant difference according to the gender of the people, 
therefore, an equal number of each gender was studied in 
each group. Based on this, the sample space was divided 
into three blocks of 12 people. In this study, one category 
was related to the control group, and two categories were 
related to the intervention group. Therefore, each block 
contains two members from each of these categories, who 
are placed in that category based on gender and age. To 
randomize the sampling, online software sealed envelope 
was used at the website https://www.sealedenvelope.com.  

 
Training Intervention 
Before the randomization and training intervention, one 

week of training was done under supervision, and all sub-
jects were familiarized with the protocols. Next, the sub-
jects in the training groups followed HIIT or MICT proto-
cols for 8 weeks, three sessions per week. A treadmill was 
used for completing the protocols. The maximal heart rate 
(HRmax) index was used to control and assess of the training 
intensity (29). An HR monitor (Speedo Int. Ltd., USA) was 
used for each subject during the investigation to ensure 
compliance with the predetermined target HR zone. At the 
end of the training session, velocity was enhanced by 0.1-
0.5 km/h every time the HR was below the lower threshold. 

1- HIIT: This protocol was performed with an intensity 
of 55-90% maximal heart rate (HR max). In the first week, 
exercise was done with a 30-second activity time and an 
intensity of 65% HR max, which was repeated twice. In the 
following, every week 5% was added to the intensity of the 
HR max and 30 seconds to the time, and one repetition was 
added every two weeks. The rest time was 1 minute, and 
gradually, 60 seconds to the rest times were added in each 
training week until the end of the 8-week training. HIIT was 
performed for a total of 35 min, with a 5-minute warm-up 
and cool-down (30).  

2- MICT: This protocol was done with an intensity of 40-
75% HR max. In the first session, the exercise started with an 
intensity of 40% HR max, and gradually with the improve-
ment of the subjects' readiness, the intensity of the exercise 
was increased by 5% every week and after the subjects 
reached the intensity of 60% HR max, this state was main-
tained until the end of the protocol. MICT was carried out 
35-min of continuous exercise, with a 5-minute warm-up 

and cool down at 40% HR max for a 40-minute exercise ses-
sion (31). 

 
Body Composition and Anthropometry 
Body composition and anthropometric measurements, 

including height, body weight (BW), BMI, body fat per-
centage (BFP), and waist-to-hip ratio (WHR), were evalu-
ated using standard methods before and after the training 
sessions. Participants were measured in light clothes with-
out shoes.  A calibrated weighing scale was utilized to 
measure BW (~0.1 kg).  Height (~0.1 cm) was determined 
with a stadiometer. BMI was calculated by dividing BW 
(kg) by height  in meters squared (m2) (32). BFP was meas-
ured using a bio-impedance analyzer (Medigate Company 
Inc.) measured body fat. To calculate WHR, waist circum-
ference and hip circumference were measured. Waist cir-
cumference was assessed at the narrowest diameter be-
tween the iliac crest and the lower ribs. Hip circumference 
was measured at the widest point of the buttocks with a firm 
measuring tape (33, 34). BFP was measured using a bio-
impedance analyzer (Medigate Company Inc.) measured 
body fat. One of the investigators took all measurements in 
duplicate and the final average values were reported. 

 
Blood Sampling  
Fasting blood samples (20 ml) were taken from 36 sub-

jects before and after the investigation.  The antecubital 
vein was used for collecting samples using standard proce-
dures. Following sampling before and after training, the 
blood samples were centrifuged for 15 minutes at 3000 rpm 
at 4°C after being kept at room temperature for 30 minutes. 
Serum samples were stored at −80°C until molecular tests 
were performed.  

 
RNA Extraction and RT-q PCR 
Based on the manufacturer's protocol, TRIzol (Carlsbad, 

CA, USA) was used for extraction of total RNA. RNA 
(1µg) was reverse transcribed with a reverse transcription 
kit (Toyobo). The gene expression of ACE2, NLRP3, and 
FNDC5 was assessed by qPCR using QuantiFast SYBR® 
Green PCR Kit (Qiagen). Table 1 shows the designed pri-
mers. Based on the manufacturer's protocols, qPCR was 
conducted with a LightCycler CFX96 (BioRad, Hercules, 
CA, USA). Beta-2 microglobulin (B2M) was selected as a 
housekeeping gene. Relative mRNA expression was calcu-
lated using the 2(-Delta Delta C(T)) method. 

 
Air Force Fitness Test  
The VO2max of the subjects was measured using the one-

 
Table 1. Primer sequences 

Genes Sequence of Primers bp Temperature (˚C) 
ACE2 F:TCCATTGGTCTTCTGTCACCCG 245 60 
 R:GACCATCCACCTCCACTTCTCT 
NLRP3 F:GGACTCTTGCACCCCGACT 115 61.9 
 R:GGTCGCCCAGGTCATTGTTG  
FNDC5 F:CGGATTTGCCATCTCCCAGC 104 59 
 R:TTGAAGAGCACAGGCTCGCT 
B2MG (reference) F:TGAGTCCAAGCTAGGCCCTTT 180 59.1 

F:ACCAGCCACCACTTTCTGAT 
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mile walking test. In this test, after the training, a one-mile 
route was specified, and the individual walked the one-mile 
route at maximum speed, and upon completion, the HR was 
counted for one minute. In this formula, the BW (lb), age 
(year), gender factor (gender = Males: 1 & Females: 0), 
time taken to walk one mile in minutes, and HR were used 
to calculate VO2max. VO2max calculated from the 1-mile 
walk was calculated using the Kline et al. regression equa-
tion (35):  

VO2max = 132.853 − (BW × 0. 0769) − (age × 0.3877) + 
(gender × 6.315) − (time ×3.2649) − (HR × 0.1565)  

 
Dietary Analysis  
Food records were done in three days (two weekdays and 

one weekend day) before and after the study were obtained 
to assess the alterations of  the usual diet over time (36). 
We used a duplicate diet approach to analyze dietary intake. 
Food consumption was recorded by a trained research staff 
to make sure that the facts were inserted into the Nutrition-
ist software. Furthermore, every food item was individually 
entered into Nutritionist software (Nutritionist IV, Version. 
3.5.2) and the amount of energy from fats, carbohydrates, 

and proteins, as well as total energy consumption, were cal-
culated (Table 2). 

 
Statistical Analysis  
Blind data analysis was done. Data analyses were done 

using SPSS software (Version 23.0, IBM® SPSS® soft-
ware for Windows). Data were summarized as the 
mean±standard deviation (mean ± SD).The normality of 
data was examined using the Kolmogorov-Smirnov test. To 
compare the variables among the three groups, ANOVA 
and ANCOVA tests were used. In addition, nonparametric 
tests of Mann Whitney U and Kruskal-Wallis were run on 
non-normally distributed data. P ˂ 0.05 were convention-
ally regarded as statistically significant.  

 
Results 
The CONSORT flowchart was used to show the partici-

pant flow (Fig. 1). Of a total of 55 subjects screened in the 
study, 15 were not eligible based on the inclusion criteria, 
40 enrolled randomly to receive one of the interventions, 
and 36 participated in the eight-week training, leading to a 
drop-out rate of 34.54%. No significant differences were 

Table 2. Pre- and post-mean of nutritional intake parameters in the three groups of study 
Nutritional intake parameters  HIIT MICT Control 

Pre Post Pre Post Pre Post 
Energy (kcal/d) 2198±85 2224±72 2358±104 2414±98 2248±112 2263±93 
CHO (g/d) 285±18 291±16 293±14 298±16 281±30 282±24 
Fat (g/d) 86.3±11 83.5±9 85.4±8 83.2±10 80.7±9 81.2±10 
Protein (g/d) 108±37 110±35 101±28 102±30 106±32 108±28 

 

 
Fig. 1. Study flow chart. HIIT, MICT, and control groups. (m: males & F: females) 
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seen in baseline features (including age, weight, height, and 
BMI) of the three groups (P > 0.05, Table 3).  

 
Anthropometry and Body Composition 
 According to Table 4, there were no significant differ-

ences in weight (P = 0.201), BMI (P = 0.146), BFP (P = 
0.729), WHR (P = 0.267), and VO2max (P= 0.854) in both 
training group relative to the control group before investi-
gation. After investigation, no significant differences were 
recorded in the mean weight (P = 0.111), BMI (P = 0.37), 
WHR (P = 0.105), and VO2max (P = 0.058). According to 
Table 4, reduced BFP was recorded in the MICT (P = 
0.019) and HIIT (P = 0.035). groups relative to the control 
group.  

 
Gene expression of ACE2, NLRP3, and FNDC5 
Gene expression levels of ACE2 (P < 0001, Fig. 2) and 

NLRP3 (P < 0001, Fig. 3) were significantly downregu-
lated in both training groups, compared to the control 
group. Furthermore, the gene expression of ACE2 (P < 
0001, Fig. 2) and NLRP3 (P < 0001, Fig. 3) was signifi-
cantly reduced in the pre-investigation values relative to 
that of the post-investigation values of both training groups. 
ACE2 was highly expressed in the HIIT group relative to 
those of the MICT group (P < 0.001, Fig. 3).  

However, the gene expression of FNDC5 (P < 0001, Fig. 
4) was significantly greater in the HIIT and MICT groups 
compared to the control group. Besides, a significant in-
crease was observed in the gene expression of FNDC5 (P 
< 0001, Fig. 4) in the pre-investigation values relative to 
the post-investigation values of both training groups. 

 
Correlation between quantitative data  
According to Table 4, there were significant correlations 

between BW and BMI (r = 0.873, P ˂ 0.001), BFP (r = 
0.244, P=0.039), WHR (r = 0.639, P ˂ 0.001), and VO2max 
(r = − 0.532, P ˂ 0.001). Significant correlations were also 
recorded between BFP and WHR (r = 0.434, P ˂ 0.001), as 
well as VO2max (r = − 0.326, P =0.005). There was a signif-
icant correlation between WHR and VO2max (r = − 0.551, P 

˂ 0.001). Additionally, significant correlations were de-
tected between gene expression of ACE2 and NLRP3 (r = 
0.379, P ˂ 0.001), and FNDC5 (r = − 0.252, P = 0.032). A 

Table 3.  Values of baseline characteristics of HIIT, MICT, and Control groups 
 HIIT MICT Control P-value 

Mean ± SD Mean ± SD Mean ± SD 
Age 45.33 ± 3.55 45.17 ± 3.24 45.00 ± 2.86 0.969 
Weight (Kg) 108.92 ± 18.14 110.65 ± 17.30 111.23 ±2 4.84 0.978 
Height (m) 1.69  ± 0.08 1.70 ±  0.07 1.66 ± 0.07 0.546 
BMI 39.55 ± 5.39 39.33 ± 6.03 40.11 ± 7.17 0.951 

BW: Body weight, HIIT: High-intensity interval training, MICT: Moderate-intensity continuous exercise training, SD: Standard Deviation, BMI: Body mass index 
 
 Table 4. Values of body composition and maximal oxygen consumption at pre-and post-intervention. 

Variables  HIIT MICT Control P-value 
Pre 

N=12 
Post 

N=12 
Pre 

N=12 
Post 

N=12 
Pre 

N=12 
Post 

N=12 
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

BW (kg) 112.75 ± 18.46 105.08 ± 17.76 113.04 ± 18.47 108.25 ± 16.49 111.38 ± 24.56 111.08 ± 24.96 0.918 
BMI  39.55 ± 5.39 36.86 ± 5.19 39.33 ± 6.03 37.67 ± 5.45 40.11 ± 7.17 39.98 ± 7.21 0.533 
BFP 47.02 ± 6.76 44.06 ± 6.47* 44.35 ± 9.21 41.69 ± 8.61* 48.23 ± 5.02 48.39 ± 4.86 0.037 
WHR 1.03 ± 0.09 0.99 ± 0.09* 1.00 ± 0.09 0.96 ± 0.09 1.01 ± 0.08 1.02  ± .09 0.346 
VO2max 28.42 ± 8.23 30.45 ± 8.19 28.65 ± 9.14 29.90 ± 8.78 28.13 ± 8.17 28.23 ± 8.05 0.849 

Pre: pre-investigation, Post: post-investigation, BW: Body weight, HIIT: High-intensity interval training, MICT: Moderate-intensity continuous exercise training, SD: Stand-
ard Deviation, BMI: Body mass index, WHR: Waist-to-hip ratio, VO2max: Maximal oxygen consumption, BFP: Body fat percentage. * P ˂ 0.05 significant differences 
compared to the control group  

 
Fig. 2. Pre- and post-investigation values (Median) of the gene expres-
sion of ACE2 in HIIT, MICT, and control groups. *P < 0.001 relative 
to the control group, &P < 0.001 between pre- and post-investigation 
values.  Pre: pre-investigation, Post: post-investigation. HIIT: Moder-
ate-Intensity Continuous Training, MICT: High-Intensity Exercise 
Training  

 
Fig. 3. Pre- and post-investigation values (Median) the gene expres-
sion of NLRP3 in HIIT, MICT, and control groups < 0.001 compared 
to the control group, &P < 0.001 between pre- and post-investigation 
values.  Pre: pre-investigation, Post: post-investigation. HIIT: Moder-
ate-Intensity Continuous Training, MICT: High-Intensity Exercise 
Training 
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significant correlation was recorded between FNDC5 and 
NLRP3 (r = − 0.328, P = 0.005). Interestingly, there was a 
significant correlation between BFP and the gene expres-
sion of FNDC5 (r = 0.392, P ˂ 0.001). 

 
Discussion 
In this clinical study, we evaluated the effects of aerobic 

training with high and moderate intensity on the body com-
position measures, VO2max, and the gene expression of 
FNDC5, ACE2, and NLRP3 in obese subjects. The subjects 
of the study were in the age range of 40 to 50 years. The 
results of our study indicated that HIIT and MICT could 
equally affect the variables of the study. While HIIT and 
MICT reduced weight, BMI, and WHR in the intervention 
groups, the values were not significant. Our findings indi-
cated that HIIT was effective in the reduction of BFP. 
Therefore, HIIT and MICT were not effective for the regu-
lation of composition measures and BFP in adult subjects 
40–50 years of age and a BMI of 30–50 kg/m2. Exercise 

has been shown in several studies to improve body compo-
sition. For instance, using a 12-week HIIT protocol could 
reduce body weight, BFP, waist circumference (WC), 
WHR, and WHtR in sedentary obese college students with 
a BMI ≥ 27 kg/m2 and an age range of 18–26 years (37). 
Our finding can be due to the duration of the training, age 
range, and BMI range of the studied population. In addi-
tion, HIIT and MICT were not effective in the regulation of 
VO2max. VO2max has been defined as the maximum amount 
of oxygen that an individual can uptake during maximal or 
intense PA, which is an indicator of cardiovascular fitness 
and aerobic endurance. In agreement with our findings, 
Borgomaster et al. (2005) pointed out that HIIT did not 
show a significant change in VO2max despite increasing the 
oxidative potential of the muscle (38). Similarly, Bickham 
et al. (2004)  could not show a significant change in VO2max 
despite the implementation of a HIIT program for 6 weeks 
(39). 

The gene expression of NLRP3, ACE2, and FNDC5 was 
evaluated pre- and post-investigation in obese cases. Our 
findings indicated that HIIT and MICT could equally re-
duce the gene expression of ACE2. Obesity increases the 
susceptibility to different infections and chronic diseases 
(40, 41). It was shown that the risk of progressing to severe 
pneumonia following COVID-19 is fivefold higher com-
pared with people of normal weight, emphasizing the par-
ticular involvement of SARS-CoV-2 for both the preva-
lence and severity of illness in obese individuals (42). Obe-
sity is a condition characterized by the accumulation of ex-
cess body fat (43). Adipocytes were reported to highly ex-
press ACE2, the main receptor for SARS-CoV-2 entry into 
host cells (44, 45). In line with our findings, Klöting et al. 
(2020) revealed that a 4-week intensive exercise interven-
tion reduced circulating ACE2 in healthy young men, indi-
cating the potential impact of PA on SARS-CoV-2 patho-
genesis (46). In another study, Klöting et al. (2022)  re-
ported that high intrinsic exercise capacity and  low exer-
cise capacity could effectively reduce circulating ACE2, as 
well as  ACE2 expression in the lung, heart, muscle, and 
kidney in a rat model. They also showed that BW was neg-
atively associated with serum ACE2 (47). In addition, 

 

Fig. 4. Pre- and post-investigation values (Median) of the gene expres-
sion of FNDC5 in HIIT, MICT, and control groups. *P < 0.0001 rela-
tive to the control group, &P < 0.0001 between pre- and post-investi-
gation values.  Pre: pre-investigation, Post: post-investigation. HIIT: 
Moderate-Intensity Continuous Training, MICT: High-Intensity Exer-
cise Training 
 

 
Table 4. Correlation between quantitative data  

Variable BW 
(kg) 

BMI (kg/m2) BFP (%) WHR VO2max ACE2 NLRP3 FNDC5 

BW (kg) r 1 0.873 0.244 0.639 -0.532 0.094 -0.061 0.033 
P-value  ˂0.001 0.039 ˂0.001 ˂0.001 0.433 0.610 0.785 

BMI (kg/m2) r - 1 -0.077 -0.031 -0.091 -0.069 -0.083 0.392 
P-value -  0.521 0.798 0.446 0.564 0.486 ˂ 0.001 

BFP (%) r - - 1 0.434 -0.326 0.070 0.182 -0.155 
P-value - -  ˂0.001 0.005 0.561 0.125 0.193 

WHR r - - - 1 -0.551 -0.021 0.064 -0.047 
P-value - - -  ˂0.001 0.861 0.593 0.695 

VO2max r - - - - 1 0.132 0.116 0.051 
P-value - - - -  0.268 0.330 0.668 

ACE2 r - - - - - 1 0.379 -0.252 
P-value - - - - -  ˂ 0.001 0.032 

NLRP3 r - - - - - - 1 -.328 
P-value - - - - - -  0.005 

FNDC5 r - - - - - - - 1 
P-value - - - - - - -  

 BW: Body weight, BMI: Body mass index, WHR: Waist-to-hip ratio, VO2max: Maximal oxygen consumption, BFP: Body fat percentage 
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Boschetti et al. reported that aerobic physical training could 
inhibit obesity-associated insulin resistance via alterations 
in the skeletal muscle phenotype (oxidative independent 
one) via the regulation of the ACE2 axis in a mouse model  
(48). Therefore, exercise could change the muscular cells’ 
function via the regulation of ACE2 and prevent SARS-
CoV-2 infection via downregulation of ACE2.  

Furthermore, our results showed a higher expression of 
NLRP3 in individuals with obesity who completed 8 weeks 
of exercise training, including HIIT and MICT. These pro-
tocols could equally downregulate the gene expression of 
NLRP3, indicating the suppressive effects of PA on the ac-
tivation of the inflammasome. In addition, increased ex-
pression of ACE2 was correlated with the upregulation of 
NLRP3. Previously, studies have shown that the NLRP3 
inflammasome contributes to the molecular mechanisms of 
several chronic inflammatory disorders, e.g., obesity, type 
2 diabetes, insulin resistance, etc. (49, 50). A growing body 
of evidence has shown the enhanced levels of pro-inflam-
matory cytokines, including tumor necrosis factor alpha 
(TNF-α), IL-1β, and IL-6, in severe obesity (51, 52). The 
activation of the NLRP3 inflammasome in adipose tissue 
stimulates the secretion of pro-inflammatory IL-1β and IL-
18, a key step in innate immunity (53). Ratajczak et al. 
(2021) discovered for the first time that interactions be-
tween SARS-CoV-2 spike protein and ACE2 activated the 
NLRP3 inflammasome in endothelial progenitor cells and 
human hematopoietic stem cells, leading to pyroptosis after 
hyperactivation (25). COVID-19 can promote the pre-ex-
isting systemic inflammatory state of obese subjects 
through the activation of the NLRP3 inflammasome and the 
overproduction of inflammatory mediators (12).  

Regular PA has been reported to enhance immune re-
sponses and promote resistance to several microbial infec-
tions (54). Different molecular mechanisms contribute to 
the regulation of inflammatory responses via PA, including 
reducing fat mass, which is active in the production of in-
flammatory mediators (e.g., TNF-α) and stimulation of 
muscular cells to produce IL6, which is responsible for the 
reduction of pro-inflammatory cytokines and regulation of 
other anti-inflammatory factors (55). Recently, the inhibi-
tory effects of exercise on inflammasome activation have 
been demonstrated. For instance, Stensvold et al. (2012) 
showed that a 12-week protocol of aerobic interval training 
(three times a week) could downregulate the pro-inflamma-
tory cytokine IL-18, triggered by the Nlrp3 inflammasome, 
by 43% in people with metabolic syndrome (56). Similarly, 
reduced mRNA content of IL-18 by 20% was observed in 
obese cases in response to a 8-week HIIT (57). Further-
more, a 12-week MICT protocol regulated the expression 
of inflammasome constituents, including NLRP3 and Toll-
like receptor 4 (TLR4, activator of NLRP3 through the nu-
clear factor kappa B [NF-κB] signaling pathway) and se-
rum levels of pro-inflammatory factors, e.g., TNFα, IL-18, 
IL-1β, and IL-6, in a population of elderly women (58). In 
line with our findings, Hosseini et al. (2022) also reported 
that both moderate and high intensity were beneficial in the 
regulation of inflammatory factors (26).  Therefore, exer-
cise training can protect obese patients against SARS-CoV-
2 infection via the downregulation of ACE2 and NLRP3.  

Besides, increased expression of FNDC5 was recorded in 
the obese cases exposed to the 8 weeks of HIIT and MICT. 
The upregulation of FNDC5 was correlated with the down-
regulation of NLRP3 and ACE2. As well, higher gene ex-
pression of FNDC5 was negatively associated with BFP, 
confirming the anti-obesity effects of FNDC5.  

FNDC5/irisin produced by adipose tissue has been 
proven to be an adipokine that can regulate adipocyte action 
(59, 60). Rabiee et al. (2020) reported that FNDC5/irisin 
could suppress adipogenesis and promote fat browning via 
the extracellular-signal-regulated kinase (ERK)/mitogen 
activated protein kinase (MAPK) cascade, which is con-
sistent with our findings (61). To show the anti-inflamma-
tory effects, overexpression of FNDC5 was stated to lower 
adipose tissue inflammation by suppressing the  production 
of pro-inflammatory cytokines and  M1 macrophage polar-
ization (62, 63). To confirm the potential antiviral function, 
FNDC5 was shown to influence several genes associated 
with SARS-CoV-2 infection in human adipocytes (64). In-
terestingly, treatment with FNDC5 could reduce the gene 
expression of SARS-CoV-2 host cell receptors, e.g., ACE2, 
in adipocytes. Notably, gene silencing of FNDC5 resulted 
in increased ACE2 mRNA levels in human visceral adipo-
cytes (65). Irisin exhibits a beneficial effect on inflamma-
tion; besides, subcutaneous adipose tissue and plasma lev-
els of irisin are reduced in obese patients (66, 67). On the 
other hand, FNDC5 is known to mediate some beneficial 
effects of exercise via the browning of white adipose tissue 
(68). As reported in previous studies, acute and chronic ex-
ercise protocols enhance plasma levels of irisin in different 
conditions and age groups (69, 70).  

 
Conclusion 
In general, HIIT and MICT protocols were not effective 

in the modulation of body composition measurements and 
VO2max in obese patients due to the older population and 
higher BMI. Nevertheless, HIIT was beneficial in reducing 
BFP. On the other hand, HIIT and MICT protocols could 
regulate the gene expression of ACE2, NLRP3, and 
FNDC5 in patients with obesity, highlighting the potential 
effects of physical exercise in the protection of obese indi-
viduals against SARS-CoV-2 infection. The novelty of this 
study was that the HIIT and MICT effects on the regulation 
of genes actively involved in the pathophysiology of obe-
sity, including ACE2, NLRP3, and FNDC5, were exam-
ined and a strategy for the prevention of viral infection, par-
ticularly COVID-19, in the obese population was sug-
gested. 

 
Limitations 
In this study, six men and six women were randomized 

to each training group with the same training protocol. Alt-
hough the sex, body composition, and anthropometric indi-
ces were matched in each group, doing exercise was hard 
for women during menstruation. To solve this problem, 
women were asked to continue the program after finishing 
the third day of menstruation. Nevertheless, most of the 
women were in perimenopause or menopause. 
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