
Clinical Trial/Experimental Study Medicine®

OPEN
Effects of high-intensity i
nterval and moderate-
intensity continuous aerobic exercise on diabetic
obese patients with nonalcoholic fatty liver
disease
A comparative randomized controlled trial
Walid Kamal Abdelbasset, PhDa,b,∗, Sayed A. Tantawy, PhDc,d, Dalia M. Kamel, PhDc,e,
Bader A. Alqahtani, PhDa, Tamer E. Elnegamy, PhDa, Gaber S. Soliman, PhDf,g, Ahmed A. Ibrahimb,h

Abstract
Background: Some studies assessed the effect of aerobic exercise on diabetic obese patients with hepatic disease, while very
limited studies compared high-intensity interval (HII) versus moderate-intensity continuous (MIC) on diabetic obese patients with non-
alcoholic fatty liver disease (NAFLD).

Objectives: This study was designed to assess the effects of HII versus MIC on intrahepatic triglycerides (IHTG) and visceral lipids
in diabetic obese patients with NAFLD.

Design: Randomized controlled trial.

Methods:Forty-seven diabetic obese individuals with NAFLD were enrolled in this study. The individuals were randomly divided
into 16 in HII group, 15 in MIC group, and 16 in the controls. HII group received HII exercise, MIC group received 8-week MIC
exercise while the control group did not receive any exercise intervention. IHTG and visceral lipids were assessed pre- and post-
intervention.

Results: Baseline and clinical characteristics showed nonsignificant difference among the 3 groups (P> .05). Both HII and MIC
groups showed a significant reduction in hepatic fat and visceral lipids (P< .05), while the controls showed nonsignificant difference
(P> .05) after completing the study intervention. Postintervention analysis showed nonsignificant changes between the HII and MIC
groups (P> .05).

Conclusions: Exercise training wither HII or MIC aerobic exercise reduces IHGT and visceral lipids in diabetic obese patients
with NAFLD. No differences were observed between the effects of both exercise programs on diabetic obese patients with
NAFLD.

Abbreviations: ALT = alanine-transaminase, HbA1c = glycated hemoglobin, HDLs = high-density lipoproteins, IHTG =
intrahepatic triglyceride, LDLs = low-density lipoproteins, NAFLD = nonalcoholic fatty liver disease, T2DM = type 2 diabetes mellitus,
TGs = total triglycerides, VO2peak = maximal oxygen uptake.
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1. Introduction

Recently, the obesity worldwide epidemic caused a potential
increase in the widespread of type 2 diabetes mellitus (T2DM).
Diabetes, obesity, and fatty liver disease in combination with
lower physical activity are potential causes to increase mortality
and morbidity rates.[1,2] Nearly, third of the world population
experienced obesity with dominant medical complications such
as impairments of glucose and fat metabolism, insulin sensitivi-
ty.[3] The manifestations of nonalcoholic fatty liver disease
(NAFLD) and another metabolic disorders may lead to high rate
of mortality in hepatic and cardiac patients.[4,5]

Many complications of obesity were documented, particularly
visceral adipose tissue and intrahepatic triglycerides (IHTG) that
were increased and affected the cardiovascular and metabolic
outcomes.[6] Accumulation of IHTG is commonly one of the
major characteristics of obesity that lead to impairments of
cardiovascular function, metabolism, and insulin sensitivity.[7]

Reduction of IHTG is commonly associated with increase of
metabolism and restore normal blood glucose in T2DM.[8]

Previous studies approved the positive influences of exercise
training and dietary control on IHTG and also concluded that no
definitive medical prescription can outlive reduce hepatic fats.[9]

NAFLD is a common complication of obesity, associated with
serum hypertriglyceridemia and impairments of liver lipoprotein
metabolism.[10] Prior studies provided that accumulation of
IHTG and visceral lipid plays an important role in the
pathogenesis of fatty liver disease and have been recognized as
the main biological indicators to NAFLD.[11,12] Lifestyle
modifications such as exercise training and dietary control
reduce IHTG and improve themetabolic function in patients with
nonalcoholic fatty liver disease.[13,14]

Several documents provided that exercise and physical activity
training are well-advised as an important protocol in manage-
ment of NAFLD.[15,16] These documents are based on the
combination among obesity, T2DM, and NAFLD, while poor
documents explain the role of exercise training in the treatment of
NAFLD. Previous study assessed the correlation between the
level of physical activity and the changes of hepatic histology and
concluded the non-significant correlation between them in
patients with NAFLD, while that study observed the high
measure of maximal oxygen uptake (VO2peak) in mild NAFLD,
confirming the vital function of exercise training in the
management of NAFLD.[17] Also, another research approved
that 3 months of exercise and dietary control reduced steatosis
significantly in NAFLD.[18] The effects of physical and exercise
training in NAFLD have been assessed using NAFLD manifes-
tations such as imaging of steatosis and liver functions test or
using restricted hepatic histology.[19,20]

Oh et al concluded that exercise training solely improved
hepatic function by decrease of visceral adipose fat level and body
weight. That study explained that exercise training decreased
liver fat and improved the hepatic function.[21] Other studies
provided the positive effects of exercise training on NAFLD with
high liver fat content[22] and ventilatory marker dysfunctions.[23]

Previous studies showed that high-intensity interval exercise
(HII) improves hepatic function and glucose metabolism [24–26]

and other studies provided that moderate-intensity exercise
(MIC) reduces hepatic fat and increases glucose oxidation [27,28]

while there are limited studies that assess the effects of HII versus
MIC on diabetic obese patients with NAFLD. Hence, this study
was designed to assess the effects of HII versusMIC on hepatic fat
2

content and visceral lipids in diabetic obese patients with
NAFLD.

2. Materials and methods

2.1. Subjects

This randomized controlled trial included 47 diabetic obese
patients with NAFLD, their age was 40 to 60 years. All patients
were diagnosed with NAFLD, type II DM, and obesity (body
mass index [BMI] ≥30kg/m2). The diagnostic criteria of NAFLD
based on the diagnostic guidelines for NAFLD in the Asia-Pacific
region.[29] All study participants were non-smokers. The 47
patients were randomly classified into 3 groups. Group I included
16 patients, received medical treatment with a program of HII
exercise 3 times/wk for 8 weeks (HII group), group II included
fifteen patients, received moderate-intensity continuous (MIC)
exercise 3 times/wk for 8 weeks (MIC group), and group III
included 16 patients, received only medical treatment without
exercise program (control). Any patient had a severe life limiting
illness (cancer, renal failure), uncontrolled heart disease,
neuromuscular limitations, orthopedic problems, and endocrine
disorders that could affect physical exercise was excluded from
the study. This study was ethically accepted by the research
ethical committee, Faculty of Physical Therapy, Cairo University
(P.T.REC/012/002146) with clinical trial registration number
(NCT03774511) in accordance with the guidelines of the
Helsinki Declaration. All patients have signed consent form
before starting the study program.
2.2. Randomization

From 53 patients, 48 have been enrolled in the study program.
Three subjects did not meet the inclusion criteria of the study and
2 subjects refused to participate in the study without informative
reason. Allocation was carried out before commencing the study
program by blinded physiotherapist using secured envelopes,
which included a piece of red sheet indicated HII group, a piece of
green sheet indicated MIC group, and a piece of white sheet
indicated control group. The flowchart of the study is presented
in Figure 1.

3. Procedures

3.1. Assessment

All patients were evaluated for the IHTG, visceral lipids, and
insulin resistance before commencing the study program and at
the end of 8 weeks of the program by the same examiner whowas
blinded concerning the group to which each patient appointed.
All patients were informed about the nature, procedure, and

benefits of the study. The test of IHTG, visceral lipids, lipid
profile, glycated hemoglobin (HbA1c), and alanine-transaminase
(ALT) were recorded at the initial assessment and at the end of the
program. Assessment of hepatic fat was performed using
magnetic resonance imaging.[30] The venous blood sample was
taken at the morning after fasting at least 10 hours for
biochemical analysis.

3.2. Intervention

During the study program, all patients of the study were
instructed to adhere to physicians’ advice including medications,



Assessed for eligibility (n=53)

Excluded  (n=5)
♦ Not meeting inclusion criteria (n=3)
♦ Declined to participate (n=2)
♦ Other reasons (n=0)

Lost to follow-up (n=0)
Discontinued exercise program (n=0)

Allocated to the HIIE group (n=16)
♦ Received HIIE program (n=16)
♦ Did not receive exercise program (n=0)

Lost to follow-up (n=0)
Discontinued the control program (n=0)

Allocated to the control group (n=16)
♦ Received control program (n=16)
♦ Did not receive control program (n=0)

Analysed  (n=16)
♦ Excluded from analysis (n=0)

8 Weeks Follow-Up

Analysis

Randomized (n=48)

Enrollment

Allocated to the MICE group (n=16)
♦ Received MICE program (n=16)
♦ Did not receive exercise program (n=0)

Allocation

Lost to follow-up (n=0)
Discontinued the control program (n=0)

Analysed  (n=15)
♦ Excluded from analysis 
(irregular attendance) (n=1)

Analysed  (n=16)
♦ Excluded from analysis (n=0)

Figure 1. Flow diagram of the study.
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dietary control, and home activity such as walking and stretching
exercise. The 2 exercise programs were conducted at the
outpatient physiotherapy clinic, Cairo university hospitals and
were handled by trained physiotherapists.
HII group, each patient in this group conducted a program

of high-intensity aerobic exercise for 8 weeks, 3 times per
week, each exercise session lasting for nearly 40 minutes
morning. Each patient was instructed to not eat for 2hours
before the exercise session to avoid exercise induced airway
obstruction.
The HII exercise program was performed on a cycle Ergometer

(MonarkRC6 Novo, Langley) with firmly grasping the rails to
maintain balance. The exercise session was started with a 5-
minute warm-up involving cycling exercise without resistance of
the Ergometer followed by 3 sets of 4-minutes cycling sessions at
80% to 85%of the VO2max with 2-minutes interval at 50%of the
VO2max between sets. The session was finished with 5 minutes of
cool down exercise.
MIC group, each patient in the exercise group was recruited

to a MIC aerobic exercise program 3 times weekly for 8
weeks, the duration of the exercise was nearly 40 to 50
minutes. All patients were informed to prevent eating 2-hour
before exercise program to nullify exercise-related respiratory
dysfunction. The MIC exercise program consisted of 5-minute
warming-up followed by cycling Ergometer with continuous
intensity at 60% to 70% of the maximum heart rate (max
HR) and ended the exercise program with 5-minute cooling-
down.
3

3.3. Statistical analysis

Normality of data was checked using Shapiro–Wilk test. Analysis
of variance was used to evaluate the difference betweenHII,MIC,
and control groups and paired t test was performed to measure
changes within each group. SPSS version 22.0 (SPSS Inc.,
Chicago, IL) was used for statistical analysis. P< .05 was
considered to be statistically significant for all measurements.
For sample size estimation, an initial power analysis was

applied (2-tailed test with statistical power of 0.80, a error=0.05,
and effect size=0.5). Estimates of mean difference and standard
deviation for the IHTG value from the previous study assessed 19
patients who received aerobic exercise.[31] According to that
study measures, 13 patients were required in each group. Forty-
eight patients were included in the study to account for the
dropout rate of 20%.

4. Results

From 48 individuals who enrolled in the study program, 1 patient
did not attend regularly the study program in the MIC group and
not included in the data analysis. As demonstrated in Table 1,
baseline and clinical features of 47 patients (16 in HII group, 15
in the MIC group, and 16 in the control group) showed
nonsignificant differences in all measures among the 3 groups
before commencing the study program (P> .05).
After completing study intervention, the 2 study programs (HII

and MIC groups) showed significant decrease in BMI, IHTG,
visceral lipids, ALT, HbA1c, and lipid profile (P< .05). While the

http://www.md-journal.com


Table 1

Baseline characteristics.

Characteristics HII group (n=16) MIC group (n=15) Control group (n=16) P-value

Sex, n (%)
Males 10 (62.5) 8 (53.3) 9 (56.2) .869
Females 6 (37.5) 7 (46.7) 7 (43.8)

Age (yrs) 54.4±5.8 54.9±4.7 55.2±4.3 .901
BMI (kg/m2) 36.3±4.5 36.7±3.4 35.9±5.3 .885
Clinical characteristics
IHTG (%) 12.4±4.5 12.9±4.2 11.2±5.1 .576
Visceral adipose fat (cm2) 184.5±12.3 181.7±13.5 179.8±14.4 .612
Total cholesterol (mg/dL) 191.4±9.5 193.2±8.8 188.3±8.4 .309
TGs (mg/dL) 194.2±11.7 196.5±12.6 198.1±11.8 .656
LDLs (mg/dL) 96.3±5.4 98.4±5.7 95.2±4.8 .246
HDLs (mg/dL) 37.6±3.6 37.5±3.4 38.5±3.3 .669
ALT (IU/L) 44.7±4.8 44.6±5.1 43.5±4.6 .741
HbA1c (%) 6.6±0.4 6.4±0.5 6.7±0.6 .258
HOMA-IR 4.9±1.7 4.7±1.4 4.8±1.5 .937

Significant at P< .05.
ALT=Alanine transaminase, BMI=body mass index, HbA1c=glycated hemoglobin, HDLs=high density lipoproteins, HII=high-intensity interval, HOMA-IR=homeostatic model assessment-Insulin resistance,
IHTG= intrahepatic triglyceride, LDLs= low density lipoproteins, MIC=moderate-intensity continuous, TGs= triglycerides.

Abdelbasset et al. Medicine (2020) 99:10 Medicine
control group exhibited nonsignificant changes in (P> .05) as
shown in Table 2. At the end of the study intervention,
comparison between HII andMIC groups showed nonsignificant
changes (P> .05) between the 2 groups (Table 3).
5. Discussion

This randomized controlled trial aimed to assess the effects of HII
versus MIC on hepatic fat content and visceral lipids in diabetic
obese patients with NAFLD. The study outcomes approved that
bothHII andMIC exercise programs reduce BMI, IHTG, visceral
lipids, insulin resistance, and HbA1c in those patients.
Regarding to the findings of the current study, both of HII

exercise program, 50 and 80% to 85%HRmax, 3sessions/wk, for
8 weeks and MIC exercise program, 60% to 70% HRmax, 3
sessions/wk for 8 weeks showed significant reduction of IHTG,
visceral lipids. These findings match the results of previous
studies.[24–28]

Reduction of IHTG with both HII and MIC exercises is
mechanically associated with reduction of circulating lipids and
insulin resistance. This study emphasizes the importance of HII
Table 2

Pre- and post-treatment mean values of all measures for HII, MIC, a

HII group (n=16)

Variables Pre- Post- Sig. Pre

BMI (kg/m2) 36.3±4.5 34.1±3.1 0.03 36.7±
IHTG (%) 12.4±4.5 10.1±1.3 0.01 12.9±
Visceral adipose fat (cm2) 184.5±12.3 166.4±11.6 0.01 181.7±
Total cholesterol (mg/dL) 191.4±9.5 176.5±8.2 0.01 193.2±
TGs (mg/dL) 194.2±11.7 173.6±9.2 0.01 196.5±
LDL-cholesterol (mg/dL) 96.3±5.4 90.4±4.7 0.01 98.4±
HDL-cholesterol (mg/dL) 37.6±3.6 39.7±3.8 0.03 37.5±
ALT (IU/L) 44.7±4.8 40.6±4.5 0.01 44.6±
HbA1c (%) 6.6±0.4 6.2±0.3 0.01 6.4±
HOMA-IR 4.9±1.7 4.1±0.6 0.02 4.7±

Significant at P< .05.
ALT= alanine transaminase, BMI=body mass index, HbA1c=glycated hemoglobin, HDLs=high density li
IHTG= intrahepatic triglyceride, LDLs= low density lipoproteins, MIC=moderate-intensity continuous, TG
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and MIC aerobic exercises in individuals with high hepatic fat
content. High visceral lipids is increased through the high
circulating fatty acids and secretions of adipocytokines, which
decrease insulin sensitivity and intrahepatic lipids[32] while the
physiological relation between liver metabolism and visceral
lipids remains unclear. Controlling metabolism in the present
study is alarming assumed the hepatic lipid reduction and the
forceful link between hepatic insulin resistance and intrahepatic
lipids.[33] Documents explained that the reduction of IHTG is
importantly required to lower insulin resistance and blood
glucose level.[33,34]

Similar to our study outcomes, Aoi et al, concluded that 20-
minutes submaximal heart rate cycling or running exercise
aspired to 20-minutes warm-up/cool-down 3 sessions per week
for 4 weeks results in a reduction of insulin resistance and blood
glucose level in patients with T2DM.[35]

Many documents studied the proper exercise intensity to
improve basic and comprehensive metabolic panels. O’Donovan
et al investigated the influences of moderate-intensity exercise
(cycling exercise at 60% VO2max 3 times per week for 24 weeks)
and high-intensity exercise (cycling exercise at 80% VO2max 3
nd control groups.

MIC group (n=15) Control group (n=16)

- Post- Sig. Pre- Post- Sig.

3.5 34.3±2.8 0.04 35.9±5.3 36.2±5.5 0.83
4.2 10.5±1.5 0.04 11.2±5.1 11.1±5.2 0.89
13.5 170.3±10.6 0.02 179.8±14.4 177.2±12.8 0.46
8.8 180.4±8.7 0.01 188.3±8.4 185.7±8.1 0.22
12.6 177.4±9.7 0.01 198.1±11.8 200.3±11.6 0.46
5.7 91.3±4.6 0.01 95.2±4.8 95±4.6 0.87
3.4 39.8±2.3 0.04 38.5±3.3 37.2±4.1 0.17
5.1 40.9±4.5 0.04 43.5±4.6 45.4±4.7 0.11
0.5 6.0±0.4 0.02 6.7±0.6 6.5±0.5 0.31
1.4 3.9±0.5 0.04 4.8±1.5 4.98±1.8 0.67

poproteins, HII=high-intensity interval, HOMA-IR=homeostatic model assessment-Insulin resistance,
s= triglycerides.



Table 3

Differences between HII and MIC groups after intervention.

Variables
HII group
(n=16)

MIC group
(n=15) P-value

BMI (kg/m2) 34.1±3.1 34.3±2.8 .85
IHTG (%) 10.1±1.3 10.5±1.5 .43
Visceral adipose fat (cm2) 166.4±11.6 170.3±10.6 .33
Total cholesterol (mg/dL) 176.5±8.2 180.4±8.7 .21
TGs (mg/dL) 173.6±9.2 177.4±9.7 .27
LDLs (mg/dL) 90.4±4.7 91.3±4.6 .59
HDLs (mg/dL) 39.7±3.8 39.8±2.3 .93
ALT (IU/L) 40.6±4.5 40.9±4.5 .85
HbA1c (%) 6.2±0.3 6.0±0.4 .12
HOMA-IR 4.1±0.6 3.9±0.5 .32

Significant at P< .05.
ALT= alanine transaminase, BMI=body mass index, HbA1c=glycated hemoglobin, HDLs=high
density lipoproteins, HII=high-intensity interval, HOMA-IR=homeostatic model assessment-insulin
resistance, IHTG= intrahepatic triglyceride, LDLs= low density lipoproteins, MIC=moderate-intensity
continuous, TGs= triglycerides.
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times per week for 24 weeks) on blood glucose level and insulin
sensitivity. Aerobic exercise at intensity of 60%and 80%VO2max

was sufficient to increase insulin sensitivity and decrease plasma
glucose level.[36]

As well, Benatti et al found that 60-minutes treadmill aerobic
exercise daily for 12 weeks at 70%VO2max (80%max HR) leads
to definitive decrease of body weight, insulin resistance, visceral
lipids, and abdominal obesity.[37] Also, this study approved that
aerobic exercise without reduction of body weight could reduce
visceral and abdominal lipids.
Previous research approved that 50 to 60 minutes of daily

aerobic exercise for 4 weeks (beginning with 60%–65%maxHR
and ending by 80%–85% max HR) cause insulin sensitivity
improvement, glucose oxidation, and reduction of visceral
lipids.[38]

Our study showed that the IHTG reduction following HII and
MIC aerobic exercises for 8 weeks is combined with ALT
reduction. Regardless of ALT increase is a usual prediction of
hepatic dysfunction,[39] changes of plasma ALT are not a
predictor of hepatic histological changes.[40] As well, our study
found a remarkable decrease of plasma ALT in the exercise
groups and approved beneficial clinical practice of aerobic
exercise in diabetic obese patients with NAFLD.
The present study establishes strong evidence for accenting the

important role of aerobic exercise in diabetic obese patients with
NAFLD. Also, it approves that exercise training reduces hepatic
fat content, visceral lipids, plasma ALT, plasma glucose level, and
improves insulin sensitivity in diabetic obese patients with
NAFLD. A appropriate control of fatty liver disease has to
commence with exercise adherence consequently as HII andMIC
exercises modulate insulin sensitivity by improving metabolism
of free fatty acids in the exercised skeletal muscles. Therefore, free
fatty acids oxidation and insulin sensitivity result in increasing of
glucose-lipid metabolism. As well, regular exercise training
results in expressive decrease of hepatic fat content by increase of
energy expenditure, skeletal fat oxidation, and decrease of
visceral lipids.
The present study has some limitations. First, lack of

intermediate and long-term assessment. Second, home-based
exercise and dietary intake were not supervised. Further
researches have to include large sample size to evaluate different
exercise intensities on diabetic obese patients with NAFLD.
5

6. Conclusions

Exercise training whether HII or MIC aerobic exercise reduces
IHGT and visceral lipids in diabetic obese patients with NAFLD.
No differences were observed between the effects of both exercise
programs on diabetic obese patients with NAFLD. Clinical
guidelines have to be recommended to adhere HII and MIC
aerobic exercise programs among diabetic obese patients,
particularly with NAFLD.
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