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ABSTRACT

Purpose: Nonalcoholic fatty liver disease (NAFLD) is the most frequent cause of chronic liver
diseases in both adults and children with obesity. The aim of this study was to compare the
changes in liver enzymes and metabolic profile in adolescents with fatty liver following selected
school-based exercise (SBE) and high-intensity interval training (HIIT) interventions.
Methods: In a semi-experimental study, 34 obese male adolescents with clinically defined
NAFLD were divided into the HIIT (n=11, age=12.81+1.02 years, body mass index [BMI]=26.68
+2.32 kg/m?), selected SBE (n=11, age=13.39+0.95 years, BMI=26.47+1.74 kg/m?), and

control (n=12, age=13.14+1.49 years, BMI=26.45+2.21 kg/m?) groups. The ultrasonography
NAFLD grade, peak oxygen uptake (VOapeu), lipid profile, insulin resistance, and alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) levels of the participants were
measured before and after the exercise interventions.

Results: The BMI, waist-to-hip ratio, and body fat percentage of the participants decreased,
and a significant increase in VO,,... was observed after the intervention; however, the HIIT
group showed a significant improvement compared with the SBE group (p<0.01). Significant
reductions were observed in the levels of insulin resistance, triglyceride, total cholesterol,
ALT, and AST in both groups, although high-density lipoprotein levels decreased only in the
HIIT group (p<0.01). Further, a significant reduction in low-density lipoprotein level was
observed in the training groups (p<0.01), but this decrease was not significant compared with
the control group (p>0.01).

Conclusion: HIIT and SBE are equally effective in improving health parameters in obese
children and adolescents.

Keywords: Exercise interventions; Nonalcoholic fatty liver disease; Insulin resistance;
Obesity

INTRODUCTION

The prevalence of obesity and obesity-related illnesses in children and adolescents has
dramatically increased over the past decades [1]. Nonalcoholic fatty liver disease (NAFLD)
is one of the most common causes of liver abnormality in children and adolescents.
NAFLD encompasses a spectrum of conditions ranging from simple hepatic steatosis
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(fat accumulation in hepatocytes) to nonalcoholic steatohepatitis (fat accumulation with
inflammation), leading to advanced fibrosis and cirrhosis [2]. The reference standard
method for confirming NAFLD is liver biopsy; however, it is an expensive and invasive
procedure [3]. At present, the findings of ultrasonography or magnetic resonance imaging
and liver function tests are used as surrogate markers for estimating the degree of steatosis
and liver fibrosis and the risk of progression to end-stage liver disease [3]. Ultrasonography
is the first-line imaging technique used in the clinical setting because it is a safe, low-cost,
and repeatable modality [4]. Measurement of serum alanine aminotransferase (ALT) level

is an inexpensive test for detecting NAFLD; however, it should be noted that some studies
defined the upper limit of normal ALT in healthy-weight, metabolically normal, liver-disease-
free children as 25.8 U/L for boys [3]. Moreover, it has been suggested that NAFLD is strongly
associated with some cardiovascular risk factors, such as abdominal obesity, dyslipidemia,
hypertension, and insulin resistance (IR)/diabetes, in both children and adults [5].

In Asian regions, a similar prevalence of NAFLD has been found, ranging from 15 to 30% in
the general population, and >50% in patients with diabetes and metabolic syndrome [6]. An
increased prevalence of fatty liver in obese children, ranging from 46.2 to 77.1%, has been
reported in various studies [7-9].

NAFLD can rapidly progress in children, and some adolescents reach the last stages of liver
diseases. Further, it should be noted that having NAFLD in childhood could be a major

risk factor for hepatocellular carcinoma in adulthood [10]. Although there are no valid
pharmacological therapies for children with NAFLD, exercise is suggested to be beneficial for
preventing and treating NAFLD without weight loss and any dietary changes in adults [11-14].
The recommended treatment interventions for NAFLD usually include nutrition and exercise
modifications [10]. Because studies using exercise alone to treat NAFLD in childhood are
very limited [10], very little is known to date about the effect of exercise training as an
independent treatment strategy to control NAFLD in adolescents. Furthermore, there are
sparse data about the optimal exercise regimen (e.g., type, dose, and intensity) that should
be prescribed for the treatment of NAFLD in the young population [2]. Studies have revealed
that exercise training reduces visceral fat and IR; thus, a strategy addressing abdominal
obesity and IR may be an effective treatment for young persons with NAFLD [2].

School-based exercise (SBE) programs consist of physical education routines and different
activities at varying intensities performed before or after school hours [15]. Recent studies
have shown that SBE programs improve some cardiometabolic risk factors and the
cardiorespiratory fitness of children and adolescents [15,16]. Meanwhile, high-intensity
interval training (HIIT) consists of short-term high-intensity activities with short rest periods
[17]. Despite promising evidence supporting the positive effects of HIIT on metabolic

profile in adults, limited research has been conducted on adolescents [17]. Some studies
have shown that HIIT training in children and adolescents resulted in improved metabolic
health parameters (lipid profile, IR, blood pressure, body composition, and cardiorespiratory
fitness) [18]. However, no study has compared the efficacy of HIIT training with that of SBE
in children and adolescents with fatty liver. Thus, the aim of this study was to compare the
effects of the two modalities of exercise training on some physiological biomarkers and
health-related parameters in children and adolescents with NAFLD.
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MATERIALS AND METHODS

The participants comprised 34 male students aged between 10 and 15 years (body mass index
[BMI] >25 kg/m? or >85%) who were diagnosed with NAFLD using ultrasonography of the liver
parenchyma (grade 1 or 2) and enzymatic tests (ALT >25.8 U/L) [3]. The inclusion criteria were
as follows: no use of medications, no history of any heart and vascular disease, and a sedentary
lifestyle (<30 minutes of physical activity per week). The exclusion criteria were injury during
physical activity and absence in more than two sessions during the exercise protocol.

Before performing the exercise test and before involvement in the study, parents and
guardians signed an informed consent form in accordance with international ethical
standards. The study was approved by the ethics committee of the University of Isfahan,
Isfahan Province, Iran (registry no. IR.UL.REC.1396.026).

Pre-exercise testing protocol

The maturity stage of the participants was determined on the basis of the five-stage Tanner
classification scale (V-IV-III-II-I) [19]. The fat percentage was measured using a skinfold
caliper (SlimGuide; Creative Health Products, Plymouth, MI, USA) at four points and
calculated using Peterson's formula [20]. All participants performed the 20-m shuttle run
field test to predict peak oxygen uptake (VO,p..) and maximal aerobic velocity under the
same environmental conditions. Thereafter, we used the formula of Matsuzaka et al. [21] to
estimate VO,pe:

VO,pea=61.1-2.20%(sex)—-0.462xage (years)-0.862xBMI+(0.192xnumber of laps),
where sex=0 (male) or 1 (female).

Liver fat assessment

An expert radiologist used sonography techniques to measure liver fat with respect to
standardized criteria (3.5-5 MHz probe; Voluson Expert 730; GE Healthcare, Seoul,

Korea). The degree of fatty liver was reported as follows: grade 1, mildly increased liver
echogenicity with normal visualization of the diaphragm and intrahepatic vascular borders;
grade 2, moderately increased liver echogenicity with slightly decreased visualization of
the diaphragm and intrahepatic vascular margins; and grade 3, severely increased liver
echogenicity with poor or no visualization of the diaphragm and vessel borders [22].

Metabolic parameters

Blood samples were collected from the antecubital vein after a 12-hours fast (time interval:
9.00-10.00 am), 48 hours before starting the session, and 48 hours after the last training
session. Immediately after blood collection, samples were placed on ice and spun at 3,000
revolutions per minute for 10 minutes. Plasma was stored at -80°C until final analysis.
Total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), glucose, insulin, ALT, and aspartate aminotransferase (AST)
levels were measured in all participants using enzymatic and electrochemiluminescence
methods with an analyzer system (Cobas C-311, Cobas E-411) and Roche kits (Roche
Diagnostics, Indianapolis, IN, USA). IR was estimated using the homeostasis assessment
model of IR (HOMA-IR) and calculated from fasting insulin and glucose levels according to
the following formula: insulin (uWIU/mL) glucose (mmoL/L)/22.5 [1].
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Table 1. Training program protocols

Training Weeks 1-2 Weeks 3-5 Weeks 6-8
programs
SBE Training includes 20-m shuttle run test, futsal Training includes 20-m shuttle run test, Training includes 20-m shuttle run test,
basic skills training, futsal games, and jump  basketball basic skills training, basketball handball basic skills training, handball games,
rope exercise. games, and jump rope exercise. and jump rope exercise.
Total=50 min Total=55 min Total=60 min
ACC=300-350 ACC=350-400 ACC=400-450
HIT 2x(6x30 /30 ) 92x(7x30 $/30 s) 92x(8x30 /30 )
100%/50% MAS 105%/50% MAS 110%/50% MAS
Rest=4 min Rest=4 min Rest=4 min
Total=36 min Total=38 min Total=40 min
ACC=250-300 ACC=300-350 ACC=350-400

SBE: school-based exercise, HIIT: high-intensity interval training, ACC: approximate calories consumed in one session, MAS: maximum aerobic speed associated

With VOypeq.

Example: (2x(6x30 s/30 s), 100/50% MAS, rest=4 min) means that the participant has to run two series of six repetitions of 30 s/30 s, composed of 30-s running at
100% of MAS and 30-s active recovery at 50% of MAS. The participant passively recovers for 4 min in between series. Each session is repeated three times a week.

https://pghn.org

Training program

Different aerobic physical activities and sports have been shown to have potentially beneficial
effects on childhood obesity and cardiorespiratory fitness. In this study, the training groups
performed two selected protocols (SBE and HIIT aerobic exercise), 3 days per week for 8
weeks (Table 1). The sessions started with a standardized warm-up, which consisted of
5-minutes jogging followed by 5-minutes dynamic stretching. Thereafter, the participants
performed their assigned training program. Selected SBE training included implementation
of a 20 m shuttle run test, sports skill training (futsal, handball, and basketball), jump rope,
and games. The HIIT protocol was modified from the study of Racil et al. [23]. At the end of
the training session, the participants performed 10 minutes of cool-down activities including
running at low intensity and static stretching. Two coaches supervised all HIIT and SBE
training sessions.

Post-exercise testing protocol
Post-exercise assessments for metabolic parameters, body composition, VO, and blood
pressure were performed 24 hours after the final training session.

Statistical analysis

Data are presented as mean+standard deviation. The Shapiro-Wilk test was applied to analyze
the normality of the data. The Wilcoxon signed-rank test, analysis of covariance (ANCOVA),
and Bonferroni post hoc tests were applied to analyze the collected data. Significance level
was set at p<0.05, and statistical analysis was performed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Co., Armonk, NY, USA).

RESULTS

The measured anthropometric and physiological variables are presented in Table 2.
Statistical analysis showed that the baseline values of the measured variables, including
ultrasonography grade and pubertal stage, were not significantly different (p<0.05).
Following the interventions, the training groups had significant decreases in body weight
(p<0.001), body fat percentage (%BF) (p<0.001), waist-to-hip ratio (WHR) (p<0.009), BMI
(p<0.001), and ultrasonography grade (p<0.05) (Fig. 1), and significant improvement in
VO,pea levels (p<0.001) from pre-test to post-test, whereas the variables remained unchanged
in the control (CON) group. Additionally, the Bonferroni post hoc test for between-group
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Table 2. Selected physical and physiological variables before and after exercise

Measured variable SBE (n=11) p-value HIIT (n=11) p-value Control (n=12) p-value p-value
Pre-test Post-test  (pre-post) Pre-test  Post-test (Pre-post) pre-test  Post-test (pre-post) (between groups)

PS (I1/111/1V) 4/3/4 - 5/2/4 - 3/4/5

Age (yr) 13.39+0.95 - 12.81+1.02 - 13.14+1.49

Weight (kg) 66.46<11.57 64.51£10.40""  0.001  63.20+7.47 60.51=7.11"'  0.001 65.30+12.04 65.63=11.66 0.260 0.001"

BMI (kg/m?) 96.47+1.74  95.95:2.10* 0.001  926.68+2.32 925.35:1.62*1  0.001 26.45+2.21 26.60+1.99  0.230 0.001t
WHR 0.956+0.04 0.941+0.04*" 0.030 0.964+0.06 0.952+0.07"t  0.009 0.971+0.03 0.975+0.03 0.530 0.0407

Body fat percentage 30.42+2.08 29.74+1.99*t 0.001 30.37+1.95 29.99+1.72*" 0.001 31.41+1.19 31.54+1.16 0.231 0.001"
VOypeax (ML-kg™-min™)  35.08+3.36  37.33+2.58"% 0.001  35.38+2.33 38.70+1.68"" 0.001  35.01+2.97 35.23+2.68  0.215 0.001™

Values are presented as number only or meanzstandard deviation.

SBE: school-based exercise, HIIT: high-intensity interval training, PS: parenchymal sonography, BMI: body mass index, WHR: waist-to-hip ratio, VO, peak
oxygen uptake.

*Differences between time points within condition (pre-post). TDifferences between training groups vs. control group. *Differences between experimental groups.
p<0.05.

[ Pre-test
1.6 A [ Post-test
0.92
1.4 4 . : 1.08
1.2 1 0.64
1.0 1
0.8

0.6

Sonography (grade)

0.4
0.2 1

0 - T T
SBE HIT CG

Fig. 1. Ultrasonography grades in the three groups before and after the intervention. Data are mean+standard
deviation, p<0.05. *Within group differences.
SBE: school-based exercise, HIIT: high-intensity interval training, CG: control group.

comparisons revealed significant differences between the training groups and the CON
group in mean %BF (HIIT: 29.99% vs. CON: 31.54%, p=0.009; SBE: 29.74% vs. CON: 31.54%,
p=0.001; HIIT: 29.99% vs. SBE: 29.74%, p=0.40), WHR (HIIT: 0.952 vs. CON: 0.975, p=0.04;
SBE: 0.941 vs. CON: 0.975, p=0.02; HIIT: 0.952 vs. SBE: 0.941, p=0.82), and VO, (HIIT:
38.70 mL - kg? - minvs. CON: 35.23 mL - kg™ * min™, p=0.001; SBE: 37.33 mL - kg™ *
min®vs. CON: 35.23 mL - kg? - min?, p=0.01; HIIT: 38.70 mL - kg? - min™vs. SBE: 37.33
mL - kg™ *+ min, p=0.001) (Table 2).

The results of ANCOVA with adjustments for pre-test measurements as covariate variables
showed improvements in the mean insulin level (HIIT: 11.91 mU/mL vs. CON: 15.16 mU/
mL, p=0.02; SBE: 12.58 mU/mL vs. CON: 15.16 mU/mL, p=0.011; HIIT: 11.91 mU/mL vs.
SBE: 12.58 mU/mL, p=0.13), HOMA-IR index (HIIT: 2.39 vs. CON: 3.09, p=0.013; SBE: 2.38
vs. CON: 3.09, p=0.018; HIIT: 2.39 vs. SBE: 2.38, p=0.13), ALT level (HIIT: 32.64 U/L vs.
CON: 38.08 U/L, p=0.003; SBE: 35.27 U/L vs. CON: 38.08 U/L, p=0.013; HIIT: 32.64 U/L vs.
SBE: 35.27 U/L, p=0.13), and AST level (HIIT: 30.82 U/L vs. CON: 34.67 U/L, p=0.016; SBE:
30.91 U/L vs. CON: 34.67 U/L, p=0.019; HIIT: 30.82 U/L vs. SBE: 30.91 U/L, p=0.94) after the
exercise interventions (Fig. 2). At the end of the study, the alterations in LDL-C level in the
training groups did not reach statistical significance (p>0.05); however, there were significant
differences in HDL-C (HIIT: 54.97 mg/dL vs. CON: 49.2 mg/dL, p=0.507; SBE: 58.61 mg/
dL vs. CON: 49.23 mg/dL, p=0.046; SBE: 58.61 mg/dL vs. HIIT: 54.97 mg/dL, p=0.571), total
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Fig. 2. Selected metabolic variables before and after exercise. (A) ALT, (B) AST, (C) insulin, (D) HOMA-IR, (E)

TG, (F) TC, (G) HDL, and (H) LDL. Data are mean+standard error. Significance: p<error. Significance: lipoprotein
cholesterol. Data are mean=-post). *Differences between time points within condition (pre-post). Differences
between training groups vs. control group. *Differences between training groups.

SBE: school-based exercise, HIIT: high-intensity interval training, CG: control group, ALT: alanine
aminotransferase, AST: aspartate aminotransferase, HOMA-IR: homoeostasis model assessment for insulin
resistance, TG: triglyceride, TC: total cholesterol, LDL-C: low-density lipoprotein cholestero, HDL-C: high-density
lipoprotein cholesterol.
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cholesterol (HIIT: 133.09 mg/dL vs. CON: 163.3 mg/dL, p=0.001; SBE: 147 mg/dL vs. CON:
163.3 mg/dL, p=0.049; SBE: 147 mg/dL vs. HIIT: 133.09 mg/dL, p=0.022), and triglyceride

(HIIT: 128.73 mg/dL vs. CON: 169.58 mg/dL, p=0.001; SBE: 136.09 mg/dL vs. CON: 169.58
mg/dL, p=0.010; SBE: 136.09 mg/dL vs. HIIT: 128.73 mg/dL, p=0.601) (Fig. 2).

DISCUSSION

The major focus of this study was to compare the effects of SBE versus HIIT as modes of
exercise on some physiological variables in obese adolescents with NAFLD. The results
revealed that both types of exercise training were effective in improving parameters such as
aerobic fitness, BMI, WHR, %BF, lipid profile, insulin, HOMA-IR, ultrasonography grade,
ALT level, and AST level. These results support previous studies and showed improvement
in cardiorespiratory fitness, which had the highest inverse correlation with HOMA-IR

and ALT [24]. The most practical index of cardiorespiratory fitness is VO,p..x, and the
improvement in this variable following exercise intervention was significantly greater in

the HIIT group than in the SBE group (SBE: 6.41% vs. HIIT: 9.38%). These results support
previous studies that showed a higher efficiency of HIIT training in improving VO, than
moderate-intensity continuous exercise training [25,26]. Although the mechanisms of how
HIIT training improves VO, is still not well understood, some researchers have stated that
the rest periods, or the lower-intensity exercise intervals, make it possible for participants

to complete short exercise bouts at higher intensity, which provides a greater exercise
stimulus to the heart than what is possible during completing moderate-intensity continuous
exercise training [27]. As this selected SBE training is aerobic and low intensity in nature, it
was expected that children would participate in long-duration fun activities. Therefore, the
results of this study were predictable and in accordance with the findings of most previous
investigations in this field [27].

Available evidence suggests that there is a strong relationship between obesity and NAFLD

in children, and about 70-90% of children with NAFLD are obese [28]. Hence, weight loss

is recommended as a desirable management measure for NAFLD [29]. Studies in children
have demonstrated that a moderate reduction in weight and BMI reduces the ALT levels

and improves liver function [30]. Additionally, it was indicated that a mixture of dietary
constraints and exercises affects the liver function and hepatic steatosis when a body weight
loss of 3-10% is achieved [29]. In the present study, a decrease in %BF (SBE: 2.23%; HIIT:
1.25%) was also observed in both training groups. In a study using a similar HIIT protocol,
Racil et al. [23] reported improvements in %BF following a 12-week HIIT intervention
compared with a moderate-intensity protocol in obese adolescents. Although the mechanism
of fat and weight loss after HIIT is uncertain, it could be caused by increased post-exercise
metabolism [31]. In addition, HIIT considerably enhances the levels of muscle mitochondrial
beta-hydroxy acyl-CoA dehydrogenase, which may increase fat loss [32]. Moreover, glycogen
resynthesis occurs during and after HIIT, and the need for removing lactate and H+ increases
fat oxidation [32]. In conclusion, HIIT and other training methods represent an important
intervention for weight loss, as they have the potential to reduce body mass, increase the fat-
free mass, and sustain or enhance the rate of resting metabolism [32].

Some studies have reported the association of lipid profile and liver enzymes with the NAFLD

process and the ultrasonography grade [33,34]. In the present study, similar to several previous
studies [35-37], the lipid profile of the participants improved after the exercise interventions.
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Although the changes in LDL-C in both groups were not significant in comparison with the
CON group, the results suggested that LDL and HDL are less affected by exercise [38], and even
a1% decrease in LDL-C can reduce the risk of coronary artery disease by about 2% [39].

AST and ALT are two enzymes that are tested to detect liver damage, and their levels may be
high in the blood of persons with NAFLD [40]. As normal amounts of ALT have been also
observed in the NAFLD spectra, the interpretation of either the ALT or AST value as a marker of
exercised-induced alterations in persons with NAFLD should be performed with caution [41].
Several studies have examined the effects of exercise interventions on NAFLD, and suggested
that aerobic training reduces systemic ALT and AST levels [41]. The results of this study showed
significant reductions in serum ALT (SBE: 11.22% vs. HIIT: 12.42%) and AST (SBE: 9.8% vs.
HIIT: 13.95%); however, there were no differences between the exercise groups. Conversely, the
results of ultrasound examinations (changes in almost 50% of the participants in both groups)
were consistent with the results of the liver enzymes, demonstrating that the effects of the two
training methods were almost identical. Therefore, we concluded that both exercise training
protocols may be effective in controlling the hepatic fat level.

Obesity leads to NAFLD development through liver dysfunction caused by hepatic steatosis,
and it has been shown that NAFLD is closely associated with IR [14]. Our study revealed

that the improvements in the HOMA-IR of the participants after SBE (12.17%) and HIIT
(15.25%) training were statistically significant. In this regard, the two training protocols had
an almost similar effectiveness in reducing IR. Several studies have also evaluated the effects
of aerobic exercise programs on IR in children and adolescents; however, conflicting results
were reported with respect to the effect of exercise on insulin sensitivity [42,43]. IR plays an
important role in NAFLD by promoting free fatty acid storage [44], and this hyperinsulinemia
activates the lipogenic factors of transcriptional regulators including fatty acid synthase

and sterol regulatory element binding protein-lc (SREBP1c) [29]. Therefore, changes in the
pathways of fatty acid synthesis and fatty acid oxidation play key roles, and exercise training
may have a protective effect against fatty liver by activating the AMPK pathway and/or
suppressing the SREBP1c pathway [45]. These results support previous studies and showed
that there were remarkable improvements in IR, fasting blood glucose, and lipid profile in the
training groups, which seemed to be major contributors to the relative improvement of the
liver parenchyma in these groups. As the HIIT and SBE training protocols had approximately
similar effects on NAFLD and metabolic syndrome markers in this study, we concluded that
these exercise modalities can be interchangeably used. Our study is one of the few studies
aimed at comparing the effects of selected HIIT and SBE training protocols in children
suspected to have NAFLD. Our results suggested that HIIT is preferable in clinical situations
involving persons with obesity with higher levels of motivation, whereas SBE is suitable for
increasing adherence in schools or communities by providing fun activities. It should also be
noted that the SBE protocol in this study is very similar to conventional physical education
classes and can be used outside of school. Considering that obese children usually lack the
impetus for completing vigorous exercises, SBE or game-oriented interventions may be

more suitable for this population. As nutritional limitations may play a key role in decreasing
obesity, health-related risk factors, and NAFLD, all participants of this study were housed in a
boarding school and provided the same diet.

The control of nutrition and diet was one of the main limitations of this study, as the

participants may have eaten snacks between meals. In this regard, it seems that caloric
restrictions imposed by family members may provide better results. Moreover, increasing
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the duration of training in future studies might cause greater improvement in the liver
parenchyma. Therefore, new strategies are needed for encouraging adolescents to engage

in sufficient physical activity to develop and maintain health-related fitness [18]. One of

the most important goals of physical education classes is to provide more enjoyment and
increase adherence to exercise training [17]. Although numerous studies have suggested that
HIIT exercises in different modes have beneficial effects on the health of children, obese
children have some difficulties in participating and show low commitment in adhering to the
training programs owing to the monotonous nature and high intensity of this exercise mode.
This assumption was proven by the higher tendency shown by the participants of this study
in engaging in SBE and in continuing this exercise protocol.

In conclusion, the results of this study demonstrated that SBE could be used in the

treatment of obese adolescents with NAFLD, if they are attractively designed with a focus on
enjoyability. Finally, although HIIT and SBE have been shown to have approximately equal
effects in improving the most important health parameters (e.g., aerobic fitness, lipid profile,
insulin sensitivity, BMI, AST, and ALT) in obese children and adolescents with NAFLD, SBE
was the favored protocol in recent studies.
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