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A randomized controlled trial on the effectiveness
of 8-week high-intensity interval exercise on
intrahepatic triglycerides, visceral lipids, and
health-related quality of life in diabetic obese
patients with nonalcoholic fatty liver disease
Walid Kamal Abdelbasset, PhDa,b,∗, Sayed A. Tantawy, PhDc,d, Dalia M. Kamel, PhDc,e,
Bader A. Alqahtani, PhDa, Gaber S. Soliman, PhDf,g

Abstract
Background:Medications are limited for patients with nonalcoholic fatty liver disease (NAFLD). It has been reported that aerobic
exercise is effective in reducing the characteristics of NAFLD, although unclear data have ascertained the effects of high-intensity
interval aerobic exercise on health-related quality of life (HRQoL) in diabetic obese patients with NAFLD.

Objectives: This a randomized controlled trial aimed to ascertain the effectiveness of 8-week high-intensity interval exercise on
intrahepatic triglycerides (IHTG), visceral lipids and HRQoL in diabetic obese patients with NAFLD.

Studydesign:Between August and December 2017, 32 diabetic obese patients with NAFLD aged 45 to 60 years (21 men and 11
women) were enrolled in this study. They were randomly assigned to 2 groups, 16 patients in each group, high-intensity interval (HII)
exercise and control groups. The HII group received a program of HII aerobic exercise for 8 weeks with medications of NAFLD and
the control group received only medications without any type of exercise intervention. The test of IHTG, visceral lipids, and HRQoL
were recorded at the initial assessment and at the end of the program after 8 weeks.

Results: There were significant differences between the 2 groups at the end of the study. These study findings exhibited significant
improvements in IHTG, VO2peak, visceral lipids, glycohemoglobin, plasma glucose, and all dimensions of HRQoL in the HII group
(P<.05), But there was non-significant improvement in any measure in the control group (P>.05) after the 8-week intervention.

Conclusion: Eight-week high-intensity interval aerobic exercise has a beneficial effect on IHTG, visceral lipids, and HRQoL in
diabetic obese patients with NAFLD. Effort and awareness should be dedicated to encouraging the active lifestyle among different
population, especially diabetic obese patients with NAFLD.

Abbreviations: ALT = alanine-transaminase, BMI = body mass index, CLDQ = Chronic Liver Disease Questionnaire, HbA1c =
glycohemoglobin, HDLs = high-density lipoproteins, HII = high-intensity interval, HOMA-IR = insulin resistance, HRQoL = health-
related quality of life, IHTG= intrahepatic triglyceride, LDLs= low-density lipoproteins, MRI =magnetic resonance imaging, NAFLD=
nonalcoholic fatty liver disease, TGs = triglycerides, VLDLs = very low-density lipoproteins, VO2peak = peak oxygen uptake.
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1. Introduction

Obesity, type 2 diabetes mellitus, and fatty liver disease
combining with low levels of physical activity are prominent
health risks for mortality andmorbidity.[1,2] More than 1/3 of the
current population is suffering from obesity with a significant
proportion of medical complications which can negatively
influence their quality of life.[3] These complications comprise
alterations of the metabolism of glucose and fat, insulin resistance
(HOMA-IR) and diabetes mellitus.[4] Also, there is a strong
positive correlation between obesity with type 2 diabetes and
nonalcoholic fatty liver disease (NAFLD).[5] In addition, fatty
liver disease and other metabolic syndrome manifestations may
result in higher risk of hepatic and cardiac-related mortality.[5–7]

The previous study has reported the health risks of obesity and
the body fat concentration, especially visceral adipose tissue
which was progressively identified as the existence of higher
significance to ascertain the cardiovascular and metabolic
outcomes of more fatness.[8] Moreover, it was reported that
excessive intrahepatic triglycerides (IHTGs) is a common
characteristic of obesity and mostly raises cardiovascular
disorders, metabolic syndrome, and the HOMA-IR risk.[9,10]

Treatment programs which decrease hepatic triglyceride (TG)
content are usually associated with a consequential improvement
of metabolic function, comprising reconstruction of normal
blood glucose level in type 2 diabetes mellitus.[11] Still, attributes
to the intrusive universe of conventional measurement of IHTG
through histological classification and liver biopsy, there are few
studies respecting the impacts of lifestyle modifications, including
(exercise training and diet control) on IHTG no decisive
medications survive to decrease hepatic fats.[12]

NAFLD is a frequent elaboration of obesity and related to
metabolic alterations in hepatic very low-density lipoprotein
(VLDL), the high concentration of serum TGs[13,14] and
significant lowering in health-related quality of life (HRQoL).[15]

Lifestyle interventions, including regular exercise training and
diet control, decrease IHTG and enhance the metabolic
abnormalities related to NAFLD.[15–17]

Exercise intervention is considered as a potential constituent of
NAFLD treatment and it was approved by the American
Association for the Study of Liver Diseases and Association of
American Gastroenterology.[18,19] The recommendations of the
American Gastroenterological Association are established upon
the association of NAFLD, with HOMA-IR and obesity but,
there is limited published articles illustrate the influences of
exercise training in themanagement of NAFLD. A cross-sectional
study has ascertained the relationship between physical activity
levels and hepatic histological changes in patients with NAFLD
and has approved that there is a non-significant correlation
between physical activity levels and histological changes in
NAFLD and found a higher VO2peak in patients with mild
NAFLD, reflecting the important role of exercise intensity in the
treatment of NAFLD.[20] Another study assessed the influences of
3 months of exercise training combining with diet control on
patients with NAFLD and this study exhibited a positive
reduction in steatosis and a non-significant decrease in fibro-
sis.[21] The previous studies that have evaluated the effects of
physical activity and exercise training in patients with NAFLD
have been restricted by using of substitute markers of NAFLD
(steatosis image, or liver biochemistry) and by the limited hepatic
histology.[22–25] Previous data on the association between the
physical activity levels and hepatic histological changes in
patients with NAFLD are still limited.
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An early study by Oh et al approved that exercise training
alone decreased liver dysfunction as the exercise training lead to
few reductions in visceral fat and weight. The results of this study
showed that moderate to vigorous exercise for 4hours and 10
minutes weekly had the best reduction in hepatic fat and
improvement in the underlying pathophysiology.[26] Also, it was
observed that resistance exercise has a beneficial effect on hepatic
fat concentration in patients with NAFLD.[27] While, resistance
exercise was approved to improve energy expenditure by
improving muscle size[28] and decrease HOMA-IR,[28,29] a
parallel disorder status of obesity.
Recently, high-intensity interval (HII) exercise has been

demonstrated as a new modality of exercise therapy interven-
tion.[30,31] This type of exercise training has a beneficial effect on
metabolic syndrome[32] and cardiovascular disease.[33] Very poor
data demonstrated the effect of HII in patients with NAFLD and
limited studies evaluated the effect of exercise therapy onHRQoL
in hepatic patients. The hypothesis of this study was that HII may
decrease IHTG, visceral lipids and improving HRQoL in diabetic
obese patients with hepatic disease.
2. Objectives

The purpose of this studywas to ascertain the effect of 8-weekHII
exercise on IHTG, visceral lipids, and HRQoL in diabetic obese
patients with NAFLD.
3. Patients and methods

3.1. Patients

Between August and December 2017, 32 diabetic obese patients
with NAFLD aged 45 to 60 years (21 men and 11 women) were
enrolled in this study according to the study criteria. All patients
were following in the outpatient clinic for diabetes, endocrine, and
endemic diseases and referred by a physician of tropical medicine
and endemic disease based on the approval of the department of
endemic diseases to the outpatient clinic of physical therapy, Cairo
University Hospitals. All patients were diagnosed with NAFLD,
type 2 diabetes mellitus and class II and III of obesity (body mass
index [BMI] ≥35kg/m2). They were receiving pentoxifylline,
omega-3 fatty acids, and metformin (Table 1). The diagnostic
criteria of NAFLD were based on the diagnostic guidelines for
NAFLD in the Asia-Pacific region.[34] To nullify a type II error, a
preliminary power analysis (power, 0.80; a=0.05; effect size, 0.5)
decided a sample size of 32 patients for the study. The 32 patients
were randomly classified into 2 groups. Group I consisted of
16 patients (10 males and 6 females), received medical treatment
with a program of HII aerobic exercise 3times/week for 8 weeks
(HII group) and group II consisted of 16 patients (9 males and
7 females), received only medical treatment without any exercise
program (control group). Any patient had a severe life-limiting
illness (cancer, renal failure), uncontrolled heart disease, neuro-
muscular limitations, orthopedic problems, and endocrine disor-
ders that could affect physical exercise were excluded from the
study.This studywasapprovedby theethical committeeofPhysical
Therapy Department [No.: PT/2017/00-018]. Written informed
consent was obtained from all patients participated in this study.
3.2. Sample size

The sample size for this study was calculated using the IHTG
measure. A previous study has approved that the aerobic exercise



Table 1

Demographic and baseline characteristics of all patients who participated in this study before intervention.

Variables HII group (n=16) Control group (n=16) P value

Demographic data
Gender, n, %
Males 10 (62.5) 9 (56.2) .77
Females 6 (37.5) 7 (43.8)
Age, yr 54.4±5.8 55.2±4.3 .54
BMI, kg/m2 36.3±4.5 35.9±5.3 .75
VO2peak, mL/kg/min 19.6±2.6 20.2±2.3 .34

Medications, n, %
Pentoxifylline 10 (62.5) 12 (75) .44
Omega-3 fatty acids 14 (87.5) 15 (93.7) .54
Metformin 14 (87.5) 13 (81.2) .63

Intrahepatic triglyceride and visceral adipose tissue
Intrahepatic triglyceride, % 12.4±4.5 11.2±5.1 .33
Visceral adipose fat, cm2 184.5±12.3 179.8±14.4 .13

Plasma lipids and insulin resistance
Total cholesterol, mg/dL 191.4±9.5 188.3±8.4 .18
Total triglycerides, mg/dL 194.2±11.7 198.1±11.8 .19
VLDL-TG, mg/dL 86.2±4.3 85.5±4.6 .54
LDL-cholesterol, mg/dL 96.3±5.4 95.2±4.8 .40
HDL-cholesterol, mg/dL 37.6±3.6 38.5±3.3 .31
HbA1c, % 6.6±0.4 6.7±0.6 .58
FPG, mmol/L 6.2±1.8 5.9±1.4 .47
HOMA-IR 4.9±1.7 4.8±1.5 .81
ALT, IU/L 44.7±4.8 43.5±4.6 .32

CLDQ scores
Overall 5.4±1.3 5.1±0.91 .23
Abdominal score 6.1±1.6 5.9±0.65 .52
Activity score 6.3±1.4 6.2±1.7 .81
Systemic score 5.8±1.5 5.7±1.6 .80
Fatigue score 5.4±1.2 5.2±1.3 .53
Emotions score 5.6±1.8 5.7±1.7 .82
Worry score 5.7±2.3 5.6±1.9 .85

Significant at P<.05. ALT= alanine transaminase, BMI=body mass index, CLDQ= chronic liver disease questionnaire, FPG= fasting plasma glucose, HbA1c=glycohemoglobin, HDL=high density lipoprotein,
HII=high intensity interval, HOMA-IR=homeostatic model assessment-insulin resistance, LDL= low density lipoprotein, VLDL-TG= very low density lipoprotein-triglyceride, VO2peak=peak oxygen uptake.
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showed a significant mean difference in IHTG measure (1.76)
with standard deviation (2.2).[35] According to this difference and
ability to achieve an 80% power (a=0.05), our study required 13
patients in each group. The dropout rate of 20% is assumed in the
study; therefore 16 patients were recruited in each group to assure
that 13 patients would complete the study.
3.3. Randomization

From 37 participants, 32 patients were eligible to enroll in this
study. Three patients did not meet the study criteria and 2 patients
declined to participate in the study without any informed reason.
Randomization was applied using secured envelopes. The
examiner arranged the secured envelopes, which contained a
piece of colored paper indicating HII group and a piece of
uncoloredpaper indicating control group.This randomizationwas
performed before study intervention. The flow diagram showing
the patients participating in the study is shown in Figure 1.

3.4. Instruments

Body weight, height, and BMI were measured for all patients
using weight and height scale, Cycle Ergometer (Monark RC6
Novo, Langley) was used for warming up, cool down exercises
and VO2peak test, and HRQoL of patients with NAFLD were
assessed using the Chronic Liver Disease Questionnaire (CLDQ).
3

Magnetic resonance imaging (MRI) with a 3T scanner (General
electric, WI) was used to assess the hepatic fat content.

4. Procedure

4.1. Baseline assessment

All participants were evaluated for the IHTG, visceral lipids, and
CLDQ before the intervention (pre-program) and at the end of 8
weeks of intervention (post-program) by the previously examiner
who was blinded concerning the group to which each patient was
appointed.
At the initial assessment, all patients were informed about the

nature, procedure, and benefits of the study. Randomly, the
sample was assigned to 2 groups equal in number, each group
consisted of 16 patients; HII group (Group I), received a program
of HII aerobic exercise 3 times/week for 8 weeks in addition of
medical treatment and control group (Group II), received only
medications without any exercise program. The test of IHTG,
visceral lipids, VO2peak, plasma glucose, and CLDQ were
recorded at the initial assessment and at the end of the program
after 8 weeks of intervention.

4.2. Radiological assessment

Assessment of hepatic fat was performed using MRI with a 3T
scanner (General electric, WI) through imaging of chemical shift.

http://www.md-journal.com


Participants assessed for eligibility (n=37)

Excluded (n=5)
Not meeting inclusion criteria (n=3)

Declined to participate (n=2)

Post-program analysis (n=16)

Allocated to High-intensity interval (n=16)

Group I Group II

Randomized (n=32)

Allocated to control group (n=16)

Post-program analysis (n=16)

Eight weeks intervention

Figure 1. Flow diagram showing the patients who participated in the study.

Abdelbasset et al. Medicine (2019) 98:12 Medicine
Each patient was assessed for imaging in the supine position using
the body coil. The patient was instructed to make a single breath
hold during imaging, the liver was imaged 3 separate images slice
pairs. IHTGproportionate towaterwas estimated as 100� (signal
amplitude of TG)/(signal amplitude of water). MRI was employed
in this study because it was recognized and validated and was
considered the most accurate noninvasive approach assessing the
hepatic fat levels in patients with type 2 diabetes.[36,37]
4.3. Biochemical measurements

The venous blood sample was taken at themorning after fasting at
least 10 hrs for biochemical analysis, including alanine-transami-
nase (ALT), total cholesterol, total TGs, high-density lipoproteins
(HDLs), low-density lipoproteins (LDLs), VLDLs, glycohemoglo-
bin (HbA1c), fasting plasma glucose (FPG), and HOMA-IR.
4.4. Intervention

In the HII group, each patient in this group participated in a
program of high-intensity aerobic exercise for 8 weeks, 3 times
per week with 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

with firmly grasping the rails to maintain balance after the patient
has accustomed to starting the training program. The exercise
session was started with a 5-minute warm-up which involved
cycling exercise without resistance of the Ergometer followed by
3 sets of 4-min cycling sessions at 80% to 85% of the VO2max
4

with 2-minute interval at 50% of the VO2max between sets. The
session ended with 5 minutes of cool-down exercise.
During the study period, all patients were instructed to abide

by the physician’s recommendations including; not change their
diets and lifestyle not perform any exercise activities outside the
treatment program for the 8 weeks of intervention.

4.5. Post-intervention assessment

After 8-week intervention, peak oxygen uptake (VO2peak), IHTG,
visceral lipids, plasma lipids, HbA1c, HOMA-IR, and CLDQ
were reassessed in the HII and control groups.

4.6. Statistical analysis

Descriptive statistics were performed in the form of means and
standard deviations. The Kolmogorov–Smirnov test was used to
assess the normality of data. Inferential statistics evaluated
changes of all measurements (aerobic capacity, IHTGs, visceral
lipids, plasma lipids, HOMA-IR, and CLDQ) using unpaired t
test between HII and control groups and paired t test was
performed to measure changes within group, SPSS version 22.0
(SPSS, Chicago, IL) was used for statistical analysis with a
significance level of P<.05 for all statistical measurements.
5. Results

5.1. Baseline demographic and clinical characteristics

As demonstrated in Table 1, there were non-significant differ-
ences between the HII and control groups at the beginning of the



Table 2

Pre- and post- treatment mean values of all measures for HII and control groups.

HII group (n=16) Control group (n=16)

Measures Pre- Post- P value Pre- Post- P value

BMI, kg/m2 36.3±4.5 34.1±3.1 .03 35.9±5.3 36.2±5.5 .83
VO2peak, mL/kg/min 19.6±2.6 24.8±2.5 .01 20.2±2.3 21.1±2.4 .14

Intrahepatic triglyceride and visceral adipose tissue
Intrahepatic triglyceride, % 12.4±4.5 10.1±1.3 .01 11.2±5.1 11.1±5.2 .89
Visceral adipose fat, cm2 184.5±12.3 166.4±11.6 .01 179.8±14.4 177.2±12.8 .46

Plasma lipids, insulin resistance, and ALT concentration
Total cholesterol, mg/dL 191.4±9.5 176.5±8.2 .01 188.3±8.4 185.7±8.1 .22
Total triglycerides, mg/dL 194.2±11.7 173.6±9.2 .01 198.1±11.8 200.3±11.6 .46
VLDL-TG, mg/dL 86.2±4.3 81.4±3.9 .01 85.5±4.6 84.7±4.5 .49
LDL-cholesterol, mg/dL 96.3±5.4 90.4±4.7 .01 95.2±4.8 95±4.6 .87
HDL-cholesterol, mg/dL 37.6±3.6 39.7±3.8 .03 38.5±3.3 37.2±4.1 .17
HbA1c, % 6.6±0.4 6.2±0.3 .01 6.7±0.6 6.5±0.5 .31
FPG, mmol/L 6.2±1.8 5.3±1.2 .02 5.9±1.4 6.1±1.7 .61
HOMA-IR 4.9±1.7 4.1±0.6 .02 4.8±1.5 4.98±1.8 .67
ALT, IU/L 44.7±4.8 40.6±4.5 .01 43.5±4.6 45.4±4.7 .11

CLDQ scores
Overall 5.4±1.3 6.2±0.8 .01 5.1±0.91 5.2±1.2 .71
Abdominal score 6.1±1.6 5.3±0.96 .02 5.9±0.65 5.9±0.71 .99
Activity score 6.3±1.4 6.9±0.86 .04 6.2±1.7 6.1±1.5 .81
Systemic score 5.8±1.5 5.1±0.74 .02 5.7±1.6 5.8±1.8 .82
Fatigue score 5.4±1.2 4.8±0.87 .03 5.2±1.3 5.4±1.4 .56
Emotions score 5.6±1.8 6.5±1.5 .04 5.7±1.7 5.5±1.4 .61
Worry score 5.7±2.3 4.7±1.2 .04 5.6±1.9 5.8±1.8 .67

Significant at P<.05. ALT= alanine transaminase, BMI=body mass index, CLDQ= chronic liver disease questionnaire, FPG= fasting plasma glucose, HbA1c=glycohemoglobin, HDL=high density lipoprotein,
HII=high intensity interval, HOMA-IR=homeostatic model assessment-insulin resistance, LDL= low density lipoprotein, VLDL-TG= very low density lipoprotein-triglyceride, VO2peak=peak oxygen uptake.
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study regarding their gender, ages, BMI, VO2peak, IHTG, ALT,
visceral adipose fat, plasma lipids, insulin sensitivity, and all
dimensions of CLDQ.
5.2. Aerobic capacity and anthropometry

VO2peak was significantly improved in the HII group versus the
control group. The BMI was significantly decreased in the HII
group but non-significant changes in the control groups. The
post-intervention outcomes showed significant differences in
VO2peak and BMI in favor of the HII group (Tables 2 and 3).
5.3. Intrahepatic triglyceride and visceral adipose tissue

There was a non-significant difference between the 2 groups
before the intervention in IHTG % and visceral adipose fat
(Table 1). Comparison of the pre- and post-intervention mean
values of the IHTG % and visceral adipose fat in the HII group
reported a statistically significant reduction while reported a non-
significant reduction in the control group (Table 2). Therefore,
the post-intervention outcomes showed significant differences in
favor of the HII group (Table 3).
5.4. Plasma lipids, HOMA-IR, and ALT concentration

As demonstrated in Table 1, comparison of the pre-intervention
mean values of total cholesterol, TGs, HDLs, LDLs, VLDLs,
HbA1c, FPG, HOMA-IR, and ALT between the HII and control
groups indicated non-significant differences. At the end of the
study, the HII group showed significant improvement in all these
measures with non-significant changes in the control group
(Table 2). Comparing the pre- and post-treatment mean values of
the mentioned measures recorded significant differences
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between the HII and control groups in favor of the HII group
(Table 3).
5.5. Chronic liver disease questionnaire

As demonstrated in Table 1, Comparison of the pre-intervention
mean values of all dimensions of CLDQ, including overall,
abdominal, activities, systemic, fatigue, emotions, and worry
scores between both groups indicated non-significant differences.
While, post-intervention comparison indicated significant differ-
ences in all dimensions, finding measures in favor of the HII
group (Table 3). As presented in Table 2, comparison of the pre
and post-intervention mean values of all dimensions of CLDQ
indicated significant differences in the HII group. But, the control
group showed non-significant changes at the end of the study.
6. Discussion

This randomized controlled trial evaluated the effectiveness of 8-
week HII exercise (40minutes cycling exercise 3 times per week)
on IHTGs, visceral lipids, and HRQoL in diabetic obese patients
with NAFLD. The main outcomes of the present study showed
that the adherence to HII aerobic exercise training reduced the
BMI, IHTG, visceral adipose fat, plasma lipids, HbA1c, and
HOMA-IR and improved HRQoL and aerobic capacity in
diabetic obese patients with NAFLD. The examiners confirmed
that HII aerobic exercise was set appeasement while patients were
comfortable to rule; they verified equitable contest and used
satisfactions, and also included in the aerobic exercise program.
According to the present study findings, 8-week HII exercise in

form of cycling exercise at 80% to 85% of the VO2max with
interval at 50% of the VO2max for 40 minutes 3 times per week
showed a significant reduction in IHTG, visceral adipose fat, and

http://www.md-journal.com


Table 3

Differences between HII and control groups after intervention at the end of the study.

Variables HII group (n=16) Control group (n=16) P value

BMI, Kg/m2 34.1±3.1 36.2±5.5 .04
VO2peak, mL/kg/min 24.8±2.5 21.1±2.4 .01

Intrahepatic triglyceride and visceral adipose tissue
Intrahepatic triglyceride, % 10.1±1.3 11.1±5.2 .03
Visceral adipose fat, cm2 166.4±11.6 177.2±12.8 .01

Plasma lipids and insulin resistance
Total cholesterol, mg/dL 176.5±8.2 185.7±8.1 .01
Total triglycerides, mg/dL 173.6±9.2 200.3±11.6 .01
VLDL-TG, mg/dL 81.4±3.9 84.7±4.5 .01
LDL-cholesterol, mg/dL 90.4±4.7 95±4.6 .01
HDL-cholesterol, mg/dL 39.7±3.8 37.2±4.1 .02
HbA1c, % 6.2±0.3 6.5±0.5 .04
FPG, mmol/L 5.3±1.2 6.1±1.7 .03
HOMA-IR 4.1±0.6 4.98±1.8 .01
ALT, IU/L 40.6±4.5 45.4±4.7 .01

CLDQ scores
Overall 6.2±0.8 5.2±1.2 .01
Abdominal score 5.3±0.96 5.9±0.71 .01
Activity score 6.9±0.86 6.1±1.5 .01
Systemic score 5.1±0.74 5.8±1.8 .04
Fatigue score 4.8±0.87 5.4±1.4 .04
Emotions score 6.5±1.5 5.5±1.4 .01
Worry score 4.7±1.2 5.8±1.8 .01

Significant at P<.05. ALT= alanine transaminase, BMI=body mass index, CLDQ= chronic liver disease questionnaire, FPG= fasting plasma glucose, HbA1c=glycohemoglobin, HDL=high density lipoprotein,
HII=high intensity interval, HOMA-IR=homeostatic model assessment-insulin resistance, LDL= low density lipoprotein, VLDL-TG= very low density lipoprotein-triglyceride, VO2peak=peak oxygen uptake.
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BMI in patients with NAFLD. This reported reductions in our
study results were documented in previous studies of the aerobic
training program in patients with NAFLD.[27,35]

The underlying mechanism of reduction in IHTG with HII
aerobic exercise is indicating a reduction of plasma lipids and an
increase of insulin sensitivity. This study emphasizes the vital role
of aerobic exercise training in patients with extreme hepatic
lipids. Although, the accumulation of visceral adipose fat resulted
from the inward flow of fatty acids and synthesized of adipokines
and cytokines, which decrease insulin sensitivity and increase
liver lipids[38,39] while the exact mechanism of the relation
between the visceral lipids and liver metabolism is still unclear.
The obvious permanence of the metabolic control in our study is
startling given the decrease of IHTG and visceral adipose fat and
the strong correlation between liver lipids and hepatic HOMA-
IR.[40,41] The IHTG reduction is significantly needed for
decreasing HOMA-IR and improving plasma glucose control,
as it is lately reported in recent studies.[40,42,43]

In agreement with our study results, the previous study
explained that 20 minutes running or cycling at submaximal
heart rate pursued with 20minutes warming up/cooling down 3
times weekly for 4 weeks have led to an improvement of insulin
sensitivity and reduction of fasting plasma glucose in patients
with type 2 diabetes mellitus.[44]

Many studies investigated the required intensity of exercise to
improve metabolic profiles. One study assessed the clinical effects
of 24-weekmoderate intensity at 60%VO2max and high-intensity
exercise at 80%VO2max in form of cycling 3 sessions per week on
glucose concentration, TGs, and insulin sensitivity. Exercise at
60% and 80% VO2max 3 times per week was effective to reduce
HOMA-IR and improve insulin sensitivity.[45] Two recent studies
affirmed this result when evaluated in obese subjects.[46,47].
Twelve-week aerobic exercise on the treadmill at 70%VO2max

(80% maximum heart rate) has led to the definitive loss of body
6

weight which was related to a decrease in abdominal obesity,
visceral fat, and improvement of insulin sensitivity.[46] Moreover,
this study explained that exercise training also reduced
abdominal and visceral fat without weight loss.
Also, another study provided that aerobic exercise 50 to 60

minutes daily for 4 weeks starting at 60% to 65% Max HR and
increasing to 80% to 85% Max HR reduced visceral fat,
increased glucose oxidation, and reduced HOMA-IR with only
3% weight loss.[47]

Our study results approved that the IHTG reduction following
8-week HII aerobic exercise associated with a reduction of
plasma alanine-transaminase (ALT). In spite of increasing of ALT
is a common predictor of hepatic disorder,[48] alterations of ALT
are not associated with liver histology changes[49] and many
patients withNAFLDhave normal values of plasmaALT.[50] Few
patients had normal values of ALT at baseline assessment in the
present study, although 2 patients had a normal value of plasma
ALT when the recommended limit measures of nineteen IU/L for
females and 30 IU/L for males were applied.[51] However, a recent
review approved that the incidence rate for diabetic patients was
1.83/1 unit raise plasma ALT.[52] the present study showed a
significant reduction in plasma ALT in the HII group and
approved positive medical implications of the HII aerobic
exercise in diabetic obese patients with NAFLD.
Tropical physicians, especially who treat NAFLD patients are

looking for improving their clinical results. In addition to
preventing the complications of the hepatic disease, a vital
outcome measure is the HRQoL. Comprehending the impacts of
weight reduction on HRQoL in patients with NAFLD is
obligatory to advise hepatic patients, inspire clinical trials with
patient-consulted measures, and design healthy cost- impressive-
ness templates. Previous studies regarding the characteristics of
HRQoL in patients with NAFLD have been recognized in 2
healthy groups.[53,54] while limited data studied the effectiveness
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of aerobic exercise on HRQoL in hepatic patients. The present
study showed that reduction of BMI is significantly correlated
with improvement of the HRQoL.
Moreover, our study provides and gives evidence on NAFLD

and HRQoL in the following potential points.
(1)
 This study exhibited that BMI reduction improves HRQoL.
In contrast to the present study findings, a systematic review
explaining that weight control is not correlated with HRQoL
measures.[55] Particularly, their assessment for HRQoL didn’t
include CLDQ. Also, previous data approved that 5 percent
weight reduction resulted in the enhancement of the
HRQoL.[56,57] Our study showed significant improvement
of all dimensions of CLDQ, especially diabetic obese patients
with NAFLD.
Our findings verify that the mean value of the initial CLDQ of
(2)

diabetic obese patients with NAFLD was similar to the
HRQoL measure in the previous study by Dan et al.[15]

Moreover, the findings of our study exhibit that the patients
(3)

who reduced BMI in the HII group improved their daily
exercise obligations and HRQoL while patients who did not
reduce BMI did not improve HRQoL.

The present study approved that 8-weekHII aerobic exercise (40
minutes 3times/week at 80% to 85%of theVO2maxwith interval at
50%of theVO2max) improveVO2peak, IHTG,visceral lipids, plasma
lipids, HOMA-IR, and HRQoL in diabetic obese patients with
NAFLD. Ideal management of NAFLD begins with exercise
intervention and the optimum consequences as the following; the
metabolic process by which aerobic exercise, particularly HII
improves insulin sensitivity through increasing the oxidation of the
free fatty acids in the skeletal muscles. Therefore, insulin sensitivity
andoxidationof the free fatty acids lead toglucose-lipidmetabolism.
Also, Regular HII exercise showed significant reduction of liver fat
deposition through improving energy expenditure, skeletal fat
oxidation, and reduction in visceral adipose fat.

6.1. Limitations

The main limitation of our study was the absence of intermediate
(4weeks) and long-term (1 year) follow-upassessment. The second
limitation, dietary intake and physical activity of the study subjects
were not supervised. Future studies should increase the number of
patients to include different intensities of aerobic exercise and have
intermediate and long-term follow-up assessment.

7. Conclusions

According to the results of the study, 8-week HII exercise has a
beneficial effect on IHTGs, visceral lipids, and HRQoL in
diabetic obese patients with NAFLD. Additional implications for
clinical practice should be devoted to encouraging the HII
exercise among the different population, especially diabetic obese
patients with NAFLD.
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