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Abstract

Background: Metabolic syndrome, a problem of the present age, is a combination of several medical issues, and
miRNAs play important regulatory roles in metabolic syndrome. Many studies indicate that high-intensity interval
training (HITT) may improve risk factors for metabolic syndrome. This study aimed to investigate the effect of 8 weeks
of HIIT training on the changes in miR-21, miR-122, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), low-density lipoprotein (LDL), lipid profile, and glucose.
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Keywords
Methods: In this quasi-experimental study, middle-aged male (n=19) volunteers with metabolic syndrome (body mass Y
index (BMI)>30) were randomly assigned to the control (n=9) and training (n=10) groups. The training program
consisted of 8 weeks of HIIT training with 4 sets of workouts with an intensity of 80-90% heart rate for the training
group (3 sessions per week during the first 4 weeks and 4 sessions per week during the second 4 weeks). Blood samples
were collected from the subjects 48 hours before and after the last training session to analyze miR-21, miR-122, ALT,
AST, HDL, LDL, triglyceride, cholesterol, and glucose. The within-group and between-group differences of data were
analyzed using the paired t-tests and analysis of covariance at a significance level of P<0.05 in SPSS software.

Results: This study indicated that HIIT caused a significant decrease in miR-122, ALT, AST, triglyceride, cholesterol,
glucose, body weight indicators, fat percentage, and BMI (P<0.05). Also, a significant increase in miR-21 and HDL
levels was observed following HIIT training (P<0.05).
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MIRN21 microRNA, human
MIRN122 microRNA, human
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Conclusion: HIIT training seems essential in metabolic changes, such as reducing the lipid profile, decreasing glucose,
and improving liver damage by affecting miR-21 and miR-122 indicators as small regulatory transcripts. However,

more extensive studies are needed in this field.

Highlights
‘What is current knowledge?

It has been shown that HIIT training improve the metabolic disorders and
liver damage.

‘What is new here?

The present study showed that miR-122 and miR-21 can be one of the
possible mechanisms of the positive effects of HIIT training on metabolic
disorders and liver damage.

Introduction

Metabolic syndrome (MetS) is a combination of several medical problems (1);
according to studies, the prevalence of MetS is 15% in the European population
and 27% in the American population (2). According to the available data, about
one-third of the adult population in Iran (33.7%) suffer from MetS (3). Metabolic
syndrome is a combination of several characteristics, including glucose
intolerance, dyslipidemia (including hypertriglyceridemia), increased free fatty
acid (FFA), decreased high-density lipoprotein (HDL), microalbuminuria,
hypertension, nonalcoholic fatty liver disease (NAFLD), polycystic ovarian
syndrome (PCOS), and oxidative stress. Obesity (especially abdominal
adiposity) is the most significant risk factor in metabolic diseases; it is correlated
with a wide cluster of metabolic disorders, including chronic low-grade
inflammatory disease resulting in insulin resistance (IR) and type 2 diabetes
mellitus (T2DM) (4-6). Considering the risk factors mentioned about MetS and
the close relationship between the prevalence of obesity and a sedentary lifestyle,
it is clearly shown that this syndrome has become a global health challenge (4,
7).

The health-related, preventive, and therapeutic effects of exercise training on
metabolic disorders have been shown in different subjects (8, 9). High-intensity
interval training (HIIT) is an excellent strategy to reduce metabolic disorders
(10). It involves alternating short periods of intense or explosive anaerobic
exercises separated by recovery periods (11). Despite confirming the positive
effect of exercise training in preventing the onset of type 2 diabetes (T2D) and
MetS, the molecular mechanisms involved in this field are completely unknown
(7). It is known that miRNAs (microribonucleic acid) are involved in intercellular
interactions; therefore, changes in the expression levels of miRNAs may reflect

the details of changes in response to exercise. Thus, there is an urgent need to
evaluate the response and function of new intercellular mediators, such as
circulating miRNAs (12).

miRNAs (19-23 nucleotides) are single-stranded noncoding RNA molecules
that play arole in the post-transcriptional control of the gene expression. miRNAs
act as regulators of mRNA degradation and/or blocking protein translation
through binding to their corresponding sequences within the 3’-untranslated
regions (3'UTRs) (13). It has been manifested that miRNA, particularly serum
miRNAs, are stable in blood circulation since they are resistant to RNase
digestion. This shows great promise in becoming a novel diagnostic biomarker
of MetS and its components (4, 6, 12, 14, 15). In the meantime, it has been shown
that miR-21 and miR-122 are involved in glucose and lipid profile metabolism,
liver disorders, and related physiological processes; thus, it has been suggested
that interventions used to modulate these miRNAs can be a promising approach
for treating metabolic diseases (16, 17). Kalaki-Jouybari et al. showed that HIIT
is the best training method to improve the condition of NAFLD by inducing miR-
122 compared to continuous training (18). After chronic endurance training, a
decrease in the level of miR-21 in human plasma was observed (19). Also, the
favorable effects of HIIT on alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lipid profile, and glucose metabolism have been shown
(20, 21). However, it is still not clear whether HIIT can improve liver enzymes,
glucose metabolic status, and lipid profile in patients with MetS by affecting the
miR-122 and miR-21. Therefore, the effect of physical training on miR-122 and
miR-21 in patients with MetS is unclear. Thus, this study aimed to explore the
effect of HIIT training on changes in miR-21, miR-122, liver factors, lipid, and
glucose factors in middle-aged men with MetS.

Methods

Participants

The current study was conducted in the city of Tabriz, East Azarbaijan, in
northwest Iran. Before the training, each participant underwent a medical
examination, which revealed no medical objections to physical exercise. This
study was a quasi-experimental one with a pre-test/post-test design. The
Statstodo web software was used to determine the sample size. Subjects (n=24)
with MetS participated in this research. They met several criteria for being
included (such as age range 40-50 years, body fat (BF%) 32%, having 3-5
metabolic risk indicators (waist circumference > 102 cm, blood triglyceride (TG)
> 150 mg/dL, blood high-density lipoprotein (HDL) < 40 mg/dL, blood pressure
> 130/85 mmHg, and fasting blood glucose > 110 mg/dL), BMI (body mass
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index) > 30, non-smoker, non-alcoholic, no chronic disease such as skeletal or
coronary, and having received 2 doses of the COVID-19 vaccine). According to
the BMI, maximal oxygen consumption (VO,max), and BF%, the subjects were
randomly and homogeneously divided into 2 groups: control (n=12) and training
(n=12). The BMI, maximal oxygen consumption (VO2max) and BF% were
measured by the BMI formula, Brus test, and bio-impedance body composition
analyzer (made in Korea, 721), respectively. During the research process, 3
subjects were excluded due to the lack of physical fitness required for the exercise
protocol. The blood samples of 2 subjects were also removed due to a laboratory
error. Finally, 9 people from the control group and 10 people from the training
group completed the research process.

Volunteers received comprehensive information about the study protocol and
procedures and provided written consent. The Ethics Committee of Sport
Sciences Research Institute (SSRI) approved the study (REC-2110-1322 RI).

Training program

The beneficial effects of the exercise protocol used in the current research have
already been confirmed on the factors affecting endothelial function and
antioxidant capacity; hence, its effect on people with metabolic syndrome was
investigated in the current study. The HIIT program was designed for 8 weeks, 3
sessions per week during the first 4 weeks and 4 sessions per week during the
second 4 weeks, with an intensity of 80-90% heart rate (HR), and the exercises
were done in a circle (22). In each training session, the exercises were performed
in 5 sets, and the total training time was less than 60 minutes. The training
program consisted of long knee, butterfly, burpee, kettlebell, and goblet squat
exercises (Table 1).

Table 1. High-intensity interval training protocol during 8 weeks (n=10)

Sessions/week| The ratio of| o4 Intensity be]::,Seten Sets| Rest between | Duration of |yeek
work to rest| sefs exercises | each exercise
3 1/3 80% 2min | 5 45s 15s 1
3 1/3 80% 2min | 5 45s 15s 2
3 1/2 80% 2min | 5 30s 15s 3
3 1/2 80% 2min | 5 30s 15s 4
4 12 85% 2min | 5 30s 15s 5
4 12 85% 2min | 5 30s 15s 6
4 1/2 90% Imin |5 30s 15s 7
4 1/2 90% Imin |5 30s 15s 8

Sampling and analysis methods

Blood samples were taken from the antecubital vein of the fasting subjects 48
hours before and after the last training session. Then, 10 mL of blood was
collected, and serum factor profiles were assessed 48 hours before the
intervention (after overnight fasting) and 48 hours after the last training session
into EDTA (ethylenediaminetetraacetic acid)-containing tubes. Pars Azmoon kits
and the photometric method by an autoanalyzer instrument (Abbott, model
Alcyon 300, USA) were used for glucose (mg/dL), ALT (U/L), AST (U/L), TG
(mg/dL), HDL-C (mg/dL), LDL-C (mg/dL), and cholesterol (mg/dL)
measurement. After RNA extraction, miR-21 and miR-122 were measured
according to the instructions of the Randox kit (nx 2332randox kit) and using
Miller's method. Real-time polymerase chain reaction (qQPCR) was performed to
evaluate the miRNAs. A NanoDrop (ONE® model, made by the thermo American
company) was used to evaluate the quantity and quality of RNAs, and the
expression level of miRNAs was measured relative to the U6 reference gene.
Finally, relative changes in gene expression levels were determined using the
ZfAACT.

Statistical analysis

After collecting the data from 19 blood samples, analysis was done by using
SPSSv. 25 (IBM Corp., Armonk, NY, USA) and Microsoft Office Excel v. 2016
(v16.0, USA). Data were presented as means + standard deviations. Initially, the
Shapiro-Wilk test was used to ensure the normal distribution of all the data.
Moreover, a paired t-test was used to evaluate within-group changes (pre- and
post-test data for each group), and the analysis of covariance (to remove
interfering factors) was used to evaluate between-group changes (comparing the
difference data between pre- and post-test of the groups) P<0.05.

Pearson's correlation was also used to evaluate the relationship between
miRNAs and other factors (Tables 4 and 5).

Results

The individual and anthropometric characteristics of the subjects are
descriptively shown in Table 1. The blood index values measured before and after
8 weeks of HIIT, respectively, are given in Table 2.
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Table 2. The comparison of anthropometric and physiological characteristics of the
control (n=9) and training groups (n=10) before and after the 8-week high-intensity
interval training

Parameter | Groups Pre-HIT | post-HIIT |Differences| Within |Between-
Mean£SD | Mean+SD | Mean+SD | group | group
) Training [44.36 + 3.52 - - -
Age (Y, -
Control |43.4 +3.53 - - -
Training [32.80 £1.94(29.05 +1.69|-3.74+ 1.75 | P<0.001*
Body fat (%) P<0.001#
Control |31.99 + 2.96/32.03 +3.48| 0.04 +1.12 | P=0.903
Training [32.79+ 2.13(30.67 +1.80|-2.12 +0.88 | P<0.001*
BMI (kg/m?) P=0.001#
Control |32.11 +1.63|32.01 +2.67| -1+1.58 P=0.846
VO2max | Training [35.92 £2.01| 37.51 +2.8 | 1.59+ 0.79 | P=0.026* P= 0.063
(mL/kg/min) | Control |36.12 +1.12|36.03 +2.19(-0.09 £1.07 | P=0.55 T

Data are expressed as Mean+SD.

*(P < 0.05): Indicating significant difference within groups, # (P < 0.05): Indicating
significant difference between groups.

SD: Standard deviation; BMI: Body mass index; HIIT: High-intensity interval training

According to the paired t-test and analysis of covariance, weight (P<0.001), BMI
(P<0.001), fat% (P<0.001), VO,max (P=0.026), serum levels of glucose
(P<0.001), triglyceride (P=0.002), cholesterol (P=0.001), LDL (P<0.001), HDL
(P<0.001), ALT (P=0.001), AST (P=0.002), miR-21 (P<0.001), and miR-122
(P<0.001) for the subjects differed significantly after 8 weeks of HIIT training
compared to the pre-test (Tables 2 and 3, Figures 1 and Figure 2). Also, all the
data showed a significant difference between the control and training groups
(P<0.05) (Tables 2 and 3). Significant differences (P<0.05) between groups for
the post-test data of miR-21 and miR-122 are shown in Figures 1 and 2.

There was no significant relationship among the studied factors, while the
relationship between miR-122 and triglyceride was significant (P=0.028) (Tables
4 and 5).
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Figure 1. Fold changes in serum MiR-21 concentration in the subjects of the control (n=9)
and training groups (n=10) before and after 8-week HIIT training. Data are expressed as

mean =+ standard deviation.
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Figure 2. Fold changes in serum MiR-122 concentration in the subjects of the control
(n=9) and training groups (n=10) before and after 8-week HIIT training. Data are
expressed as mean =+ standard deviation.
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Table 3. The comparison of mean blood indices measured in the subjects of control (n=9) and training groups (n=10) before and after the 8-week high-intensity interval training

Pre-HIIT Post-HIT Differences o
Parameter Groups Within groups Between groups
Mean=SD Mean=SD Mean+SD
Training 113.09 £ 4.45 100.18 £5.52 -12.90 +£ 6.17 P<0.001*
Glucose (mg/dL) P=10.013#
Control 111.8+11.40 109.30 £10.03 -2.5+11.73 P=0.517
Training 138.97 £40.42 286.49 +92 147.52 +87.34 P<0.001* 0.00
iR- i i P=0.001 #
miR-21 (Relative expression) Control 174.01 £45.26 156.23 £49.43 17.77 +69.11 P=0437
Training 4096.64 + 529.48 2796. 36 £889.83 -1300.28+759.52 P<0.001* P=0.0474
miR-122 (Relative ression =0.
IR-122 (Relative expression) Control 444535 +571.79 | 398359:178.49 46178 +173.05 P=0.245
Training 31.22 £2.20 2474+ 2.20 -6.47 £3.91 P=0.001*
ALT(U/L) P=0.000#
Control 33.80+2.48 35.33 £3.01 1.53+25 P=0.085
Training 25.28 £4.27 21.68 £3.77 -3.6+2.9 P=0.002*
AST(U/L) P=0.037#
Control 26.70 £3.92 25.25 +3.17 -1.44 £4.14 P=0.298
i . Training 217.93+ 32.74 190.69 +22.90 -27.24 +22.27 P=0.002*
Triglycerides (mg/dL) P<0.001#
Control 228.96 + 33.92 231.15 +37.02 2.19+4.43 P=0.153
Training 192.04 £26.18 168.97+ 12.87 -23.07 £16.01 P=0.001*
Cholesterol (mg/dL) P<0.001#
Control 189.93 +27.53 194.51 +£39.55 4.58 £6.79 P=0.062
Training 119.90 £12.10 110.30 +8.24 -9.6 +£6.09 P<0.001*
LDL-C (mg/dI) P<0.001#
Control 123.60 + 12.51 125.04 £12.35 1.44 +2.66 P=0.122
Training 38.62 +2.59 41.47+2 2.84 +£1.35 P<0.001*
HDL-C (mg/dI) P<0.001#
Control 38.35 +2.86 38.29 £2.92 -0.06 +0.67 P=0.785

Data are expressed as Mean+SD.

* (P <0.05): Indicating significant difference within groups, # (P < 0.05): Indicating significant difference between groups.
ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; HDL-C: High-Density Lipoprotein; LDL-C: Low-Density Lipoprotein; SD: Standard Deviation; HIIT: High-intensity

Interval Training

Table 4. Pearson correlation between MiR-21 with other factors in the subjects of
control (n=9) and training groups (n=10) before and after the 8-week high-intensity
interval training

P r
LDL Training 0.223 -0.40
Control 0.08 0.549
HDL Training 0.38 0.29
Control 0.84 -0.06
™ Training 0.55 0.20
Control 0.28 -0.35
miR-21 TC Training 0.06 0.574
Control 0.67 -0.14
ALT Training 0.142 -0.47
Control 0.038* 0.629
Training 0.939 0.026
AST Control 0.525 0.215
FBS Training 0.075 0.557
Control 0.629 0.164

*(P<0.05)

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; HDL-C: High-
Density Lipoprotein; LDL-C: Low-Density Lipoprotein; TG: Triglyceride; TC: Total
Cholesterol; FBS: Fasting Blood Sugar.

Table 5. Pearson correlation between MiR-122 with other factors in the subjects of
control (n=9) and training groups (n=10) before and after the 8-week HIIT training.

P r

LDL Training 0/322 0.329
Control 0.00* 0.880
HDL Training 0.508 -0.224

Control 0.976 0.01
TG Training 0.028 -0.656

Control 0.626 -0.16
miR-122 Training 0314 0.335
Tc Control 0.709 -0.127
ALT Training 0.364 0.304
Control 0.710 0.127
AST Training 0.239 0.387
Control 0.496 0.230
Training 0.704 0.129
FBS Control 0.537 0.209

*(P<0.05)

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; HDL-C: High-
density Lipoprotein; LDL-C: Low-density Lipoprotein; TG: Triglyceride; TC: Total
Cholesterol; FBS: Fasting Blood Sugar.

Discussion

In the present study, it was shown that after 8 weeks of HIIT training, the amount
of miR-21 increased in men with MetS. So far, the studies conducted have
reported different results, including an increase (23), a decrease (24), and no
change (25). Alizadeh et al. reported an increase in miR-21 expression after 12
weeks of high-intensity aerobic interval exercise in women with breast cancer,
which is in line with the results of the present study (23). The reason for
contradictory results is the differences in subjects and types of training protocols.
Regular physical activity usually shows a decrease in the expression of miR-21
in healthy people. However, in abnormal physiological conditions, due to the
pathological change of miR-21 level in the baseline state, the results of the effect
of exercise training can be contradictory. Researchers have shown that miR-21 is
one of the most essential mammalian microRNAs. Besides, the expression level
of miR-21 in liver and blood predicts the level of liver ischemia/reperfusion
damage (26). Decreased steatosis, inflammation, and hepatic lipogenesis have
been shown in miR-21 knockout mice (27). Nevertheless, in conditions of insulin
resistance, miR-21 overexpression improved glucose metabolism and
insulinemia through the PTEN/PI3K/Akt pathway (28) and increased insulin-
induced glucose uptake in insulin-resistant adipocytes by promoting the
translocation of the Glut4 plasma membrane (12, 14, 29). Also, it has been shown
that in subjects with MetS, circulating levels of miR-21 were decreased compared
to patients without MetS (30); therefore, the increasing effect of exercise training
on miR-21 expression in people with MetS seems acceptable in the direction of
modulating metabolic factors. Interestingly, in vivo treatment with miR-21
blocked high-fat-diet-induced weight gain in obese mice without altering food
intake or physical activity. In addition, miR-21 significantly increases the
expression of genes involved in adipose tissue browning and thermogenesis in
3T3-L1 adipocytes (31). The influence of miR-21 on the metabolic status,
independently of the blood glucose condition, and through the regulation of
several genes and biological processes, such as angiogenesis, vascular
endothelial growth factor (VEGF) signaling, thermogenesis, browning,
apoptosis, and adipogenesis, is involved in Adipose Tissue (AT) function (31).
The MiR-122 coding sequence comprises a single locus on the human
chromosome 18 and is a liver-specific microRNA (32). MiR-122 is a key
regulator of liver physiology by playing a central role in liver development,
differentiation, and homeostasis. MiR-122 is also crucial in hepatic cholesterol
homeostasis and adipose tissue metabolism. MiR-122 antagonism decreases the
expression of several genes involved in hepatic lipid metabolism and cholesterol
biosynthesis, including acetyl-CoA carboxylase alpha (ACCI), acetyl-CoA
carboxylase beta (ACC2), ATP-citrate lyase (ACLY), stearoyl-CoA desaturasel
(SCD1), sterol regulatory element-binding protein 2 (SREBP2), FA synthase
(FASN), and phosphomevalonate kin (PMVK). 1-Acylglycerol-3-phosphate O-
acyltransferase 1 (AGPAT1) that regulates the energy state and CIDEC that
controls triglyceride storage and FA oxidation have also been identified as
potential targets of miR -122 (33, 34). Additionally, circulating miR-122 levels
were elevated in subjects with metabolic syndrome or type 2 diabetes and
correlated with high levels of saturated and monounsaturated fatty acids,
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delineating miR-122 as a marker of hepatic lipid metabolism disorders, including
metabolic syndrome and type 2 diabetes (12, 35). In the present study, HIIT
training led to a decrease in the miR-122 expression, which can indicate the
regulatory effect of HIIT training on metabolism. De Mendonca et al. showed a
decrease in circulating miR-122 expression after 8 weeks of aerobic training in
obese rats (7). These researchers observed that circulating miR-122 increased in
obese mice, and its expression returned to baseline after aerobic training (7). The
increase of miR-122 following 8 weeks of HIIT training was reported by Kalaki-
Jouybari et al. These researchers confirmed the essential role of miR-122 in lipid
homeostasis through the regulation of lipogenic genes in TG metabolism and
cholesterol biosynthesis pathway (18).

Circulating levels of miR-122 are associated with hepatic miR-122
expression level, liver damage, and levels of liver enzymes, such as ALT and AST
(5, 36). Moreover, in people with metabolic disorders, the level of liver enzymes
and metabolic risk factors, such as triglycerides, LDL, and cholesterol, are related
to each other (37). Therefore, HIIT training can lead to the regulation of liver
enzymes and metabolic risk factors by modulating and normalizing the
expression of miR-21 and miR-122.

One of the possible mechanisms of the effects of HIIT training is exercise-
induced metabolites, such as acetyl-CoA (for histone acetylation) and S-
adenosyl-L-methionine (for methylation), which are essential for epigenetic
modifications of white adipose tissue. The lactate produced during these
exercises can change DNA methylation and miRNA expression, both in muscle
tissue and in other tissues such as adipose tissue and liver. In this way, a part of
miRNA changes and its effect on changes in blood lipid profiles can be justified
(38, 39). In the present study, the changes in miRNAs after 8 weeks of HIIT
indicate that exercise training exerts long-term adaptations on the profiles of
circulating miRNAs. In this way, through stimulating the release of growth
hormone, exercise training stimulates the synthesis of IGF-1 directly in muscles
and indirectly in most tissues. While aging is associated with a decrease in levels
and signaling of IGF1, it is possible that regular exercise training thereby causes
changes in plasma miRNAs and inhibits age-related anabolic resistance. In fact,
due to the nature of HIIT, these exercises can improve factors, such as insulin
sensitivity, by affecting IGF1 signaling, changing the circulating miRNAs,
reducing fat percentage values, increasing fat-free mass, and ultimately
preventing the occurrence of age-related MetS (40). However, to confirm the
results of the present study, more research is needed to confirm the effect of
various types of exercise training on different ages and sexes.

Limitations

In this research, there were limitations, such as not controlling the subjects'
motivation and their sleeping habits. In addition to controlling the above factors,
future studies should apply caloric restriction as a second intervention along with
exercise because caloric restriction can also have special effects on metabolic
syndrome.

Conclusion

In this study, after 8 weeks of HIIT training, miR-122, glucose, TG, LDL,
cholesterol, ALT, and AST were decreased, and miR-21 and HDL levels were
increased. In addition, ideal changes in weight, fat percentage, BMI, and
VO2max of the training group compared with the control group indicated the
proper impact of the training on the individuals. In this study, the changes in lipid
profiles and hepatic enzymes were in line with miR-122 changes. It was shown
that miR-122 had a compensatory role before the 8 weeks of HIIT training
protocol in subjects. Due to the constructive role of training in FA metabolism,
miR-122 decreases and returns to the average level. Therefore, HIIT can improve
the metabolic status under conditions associated with metabolic disorders
through changes in miRNA levels.

Although only a few studies have been published in this field, among other
factors, different methodologies in the experimental design, the exercise and
training models, or the characteristics of the subjects (age, activity, history, etc.)
have resulted in different outcomes, indicating that more research is required.
Therefore, it is recommended that changes in the desired factors due to various
exercise training and nutritional interventions be examined in different conditions
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