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Abstract

AIM: To study the effect of regular aerobic exercise
on insulin resistance, serum aminotransferase and liver
histology in nonalcoholic fatty liver disease (NAFLD) pa-
tients.

METHODS: Sixty (mean age 40.0 + 8.5 years, 75%
male) NAFLD patients were included in the study. After
baseline anthropometric measurement i.e., body mass
index (BMI), waist circumference (WC); all patients
were advised regular aerobic exercise for 30 min/d, for
at least 5 d/wk and trained to achieve around 70% of
his maximal heart rate. In addition, moderately energy
restricted diet was advised to patients with high BMI (>
25 kg/m®). Monthly follow up was done by measuring
BMI, WC, aspartate aminotransferase, and alanine ami-
notransferase (ALT). Insulin resistance was calculated
using homeostasis model assessment (HOMA) of insulin
resistance (HOMA-IR) model, at baseline and after 6
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mo. Insulin resistance was arbitrarily considered altered
when it was = 2. Liver biopsy was done in a section of
patients at baseline and after 6 mo.

RESULTS: Seventy percent (42/60) patients were
overweight or obese; 95% (57/60) had central obesity
(WC > 90 cm in men, > 80 cm in women). In the 45
exercise compliant patients insulin resistance decreased
from 6.4 £ 6.1 to 1.3 £ 1.0, BMI from 26.7 + 3.3
kg/m’to 25.0 £ 3.3 kg/m’, WC from 95.7 + 8.9 cm to
90.8 £ 7.3 cm and ALT from 84.8 + 43.5 U/L to 41.3
+ 18.2 U/L (P < 0.01). In 15 exercise noncompliant
patient’s insulin resistance, BMI, WC and ALT did not
show significant change at 6 mo follow up. Six of 8 pa-
tients in compliant group on repeat liver biopsy showed
significant change in steatosis and necroinflammation.
Nonalcoholic steatohepatitis scores improved form 5.3
= 1.5 to 3.35 £ 1.5. The decline in insulin resistance
correlated with decline in ALT (P = 0.01, rs = 0.90) and
liver histology (P = 0.03, rs = 0.73).

CONCLUSION: Life style modification improves insulin
resistance resulting in improvement in ALT and liver
histology in NAFLD patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Obesity and insulin resistance related health hazards
(metabolic syndrome) has become major health burden in
the present century. In the United Stated, around 30% of
population is obese and three fourth of them have fatty
liver disease!". Nonalcoholic fatty liver disease (NAFLD) is
a spectrum of clinicopathologic liver disease ranging from
simple steatosis to nonalcoholic steatohepatitis (NASH)
and is being increasingly recognized as a major cause of
liver related morbidity and mortality™”. With emerging
clinical and epidemiological evidence, NAFLD is consid-
ered as hepatic component of metabolic syndrome!”.

At present, there is no established means for treating
or preventing NASH. Clinical trials of potential treat-
ments have mostly been conducted in uncontrolled set-
tings on small number of subjects and extrapolation of
these observations to large populations of patients with
NAFLD is unreasonable. Available clinical and epide-
miological data indicates that obesity, hyperlipidemia and
diabetes are associated with NASH"",

As insulin resistance has been recognized as major
mechanism for development of NAFLD (proposed to
be the “first hit” leading to hepatic steatosis), improv-
ing insulin-sensitivity has been considered as a strategy
in the treatment of NAFLD" ", Oxidative stress with
subsequent lipid peroxidation and generation of reactive
oxygen species seems to be prominent in NASH (“sec-
ond hit”) and has been identified as therapeutic target
for antioxidants™'”. As NASH is often categorized as
part of metabolic syndrome, drug treatment carries risk
of significant side effects and probably requires life long
therapy resulting in poor compliance.

Lifestyle modifications with dietary restriction of
calorie and exercise have shown to improve insulin sen-
sitivity and help in reducing the risk of chronic illnesses
like coronary artery disease and maturity-onset diabe-
tes!™'". In the United States, at any given time, it has
been estimated that around 30% men and 45% women
are on lifestyle changes to lose weight. Short term weight
loss resulting from dietary modification and exercise have
been shown to improve obesity and aminotransferase,
however its ultimate effect on liver histology and the nat-
ural course of NASH is not well documented"™'*"”. We
performed a prospective study aimed to asses the effect
of regular acrobic exercise and dietary modification on
insulin resistance liver histology in patients with NASH.

MATERIALS AND METHODS

Patients and methods

Sixty patients diagnosed as NAFLD attending Liver clinic
were included in the study. Diagnosis of NAFLD was
based on the presence of fatty liver on ultrasonography
and an elevated serum alanine aminotransferase (ALT)

(49

T
Raishideng®

WJH | www.wjgnet.com

210

> 1.5 times the upper limit of normal for a minimum
period of 3 mo. Patients with other causes of chronic
hepatitis including viral hepatitis, autoimmune hepatitis,
cholestatic liver disease, hemochromotosis, Wilson’s dis-
ease and alcoholic liver disease (alcohol use > 20 g/d)
were excluded from study.

This study was carried out in accordance with the
principles of the Helsinki declaration and was formally
approved by institutional ethical committee. All patients
gave a written, informed consent before participation in
the study.

Clinical and anthropometric data

Detailed history including use of drugs, particularly oral
contraceptives, corticosteroids and antituberculosis, an-
tidiabetics, insulin sensitizers was obtained and clinical
examination to look for any evidence of chronic liver
disease was done at initial screening. Bodyweight was
measured using self-zeroing weight scale with light cloth-
ing without shoes to the nearest half-kilogram. Height
was measured to the nearest 2 mm with patient standing
on bare feet closely apposed to each other and against the
wall with patient looking straight. Body mass index (BMI)
was calculated as follows: body weight (kg/ m)!"", Waist
circumference (WC) in centimeters was measured at a
level midway between the lower rib margin and iliac crest
and hip circumference at the widest portion of buttocks.
Waist-hip ratio (WHR) was calculated by dividing waist
circumference by hip circumference. Increased WHR was
defined as = 0.90 in men and = 0.85 in women'"”!

Metabolic syndrome

Metabolic syndrome was defined according to National
Cholesterol Education Program (NCEP) adult treatment
panel III (ATP 1II) guidelines as the presence of 3 or
more of the following 5 risk factors: (1) Waist circumfer-
ence > 102 cm (men) and > 88 cm (women); (2) Fasting
triglycerides = 150 mg/dL; (3) High density lipoprotein
cholesterol < 40 mg/dL (men) and < 50 mg/dL (women);
(4) blood pressure = 130/= 85 mmHg; (5) fasting glu-
cose > 110 mg/ dL™. The cut off for normal waist cit-
cumference in adult Indians has been found to be lower
than Caucasians; hence we used a cut off of > 90 cm
(men) and > 80 cm (women) in our study™'.

Laboratory tests
Opvernight fasting blood sample were obtained for mea-
surement of plasma glucose and serum lipids. Plasma glu-
cose 2 h after 50 gm of glucose load was also done in all
patients. Plasma glucose was measured with an automated
analyzer using glucose oxidase and peroxidase method.
Fasting lipid profile for total cholesterol, low-density lipo-
protein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, very low-density lipoprotein and triglycerides
was obtained (RA-XT random access clinical chemistry
analyzer, Bayer Diagnostics, Tarrytown, NY, USA). Serum
iron studies, albumin, aspartate aminotransferase (AST)
and ALT were done on all patients at baseline.

To exclude hepatitis B and hepatitis C, HBsAg
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(Hepanostika, Biomericux bv, Boxtel, NL, US) and anti-
hepatitis C virus (UBI, United Biochemicals Inc, Houp-
pauge, NY, US) and to exclude autoimmune hepatitis,
anti nuclear antibody, anti smooth muscle antibody, anti
mitochondrial antibody and anti liver kidney microsomal
antibody were done in all patients. Patients less than 40
years of age also underwent slit lamp examination to rule
out Wilson’s disease.

Insulin resistance
Fasting samples of serum obtained after centrifuga-
tion were stored at -70 ‘C until assayed. Fasting insulin
levels (mU/L) were measured using radioimmunoassay
(Diagnostic Products Corporation, Los Angeles, CA).
The hinsulin resistance was calculated on the basis of
fasting values of plasma glucose and insulin according to
homeostasis model assessment (HOMA) of insulin resis-
tance (HOMA-IR) model formula,
HOMA-IR = fasting insulin (mU/L) X fasting glucose
(mmol/L) + 22.5,

As previously recommended, insulin resistance was
arbitrarily considered altered when it was > 2%

Ultrasonography

Ultrasonography of liver was performed in all participants
in fasting state by trained radiologist blinded for labora-
tory and anthropometric data. Brightness and posterior
attenuation were considered indices of the extent of
fatty infiltration. The diagnosis of fatty liver was made
based on findings of echogenicity: graded as: grade O:
normal echogenicity; grade 1: slight, diffuse increase in
fine echoes in liver parenchyma with normal visualization
of diaphragm and intrahepatic vessel borders; grade 2:
moderate, diffuse increase in fine echoes with slightly im-
paired visualization of intrahepatic vessels and diaphragm;
and grade 3: marked increase in fine echoes with poor or
non-visualization of the intrahepatic vessel borders, dia-

phragm, and posterior right lobe of the liver™.

Liver biopsy

In patients who gave consent, liver biopsy was done as
indoor procedure using Menghini’s needle. All biopsies
were reported by one pathologist blinded for clinical data
using the Brunt’s scoring system for non-alcoholic steato-
hepatitislzsj. Steatosis was graded according to percentage
of cells with fatty droplets (grade I, 0%-33%; grade 11,
34%-66%; grade 111 > 66%). Necroinflammation was
graded 0-3 (0, absent; 1, occasional ballooning and no or
minimal inflammation; 2, ballooning of hepatocytes with
mild to moderate portal inflammation; 3, intra-acinar
inflammation and portal inflammation). Fibrosis was
graded as 0-4: (0, no fibrosis; 1, perisinusoidal/ pericel-
lular fibrosis; 2, periportal fibrosis; 3, bridging fibrosis; 4,
cirrhosis.

Study design
All patients were counseled to an aerobic exercise regi-

men. Moderately energy-restricted diet was advised by a
qualified dietician to those with high BMI (> 25 kg/m”.
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Exercise program and diet regimen
All patients were given training by professionally quali-
fied physical instructor from “Health Zone” Lucknow
about exercise programme at beginning and at regular
interval. During workshop two physical trainers assessed
and individualized the exercise program for each patient,
and supervised their performance during workshops and
were trained to achieve target heart rate. The exercise
program included brisk walking; jogging or rhythmic
aerobic exercises set to beat music, for a minimum period
of 45 min/d, for at least 5 d/wk. They were counseled to
achieve approximately 70% of their maximal heart rate
for minimum period of 20 min. Maximum heart rate was
estimated from the formula 220 - age (years) with a stan-
dard deviation of 10-12 beats/ min™, All patients were
asked to maintain records about exercise programme and
MHR in the provided Performa to assess their compli-
ance. Those patients who exercised on less than 4 d/wk
(16 d/mo) were considered as exercise non-compliant.
All patients received standardized nutritional counsel-
ing by registered Dietician, who supervised them regu-
larly. Moderate energy restricted diet containing 60% car-
bohydrate, 20% fat, 20% protein and 200 mg cholesterol
(National cholesterol education program step I diet, (25
keal/kg ideal body weight) was advised to patients with
high BMI™. Ideal body weights were calculated in kg us-
ing the formula: Ht (cm) - 100 % 0.9,

Follow-up

All patients were followed up monthly by measuring an-
thropometric data and laboratory assessment of serum
albumin, ALT and AST levels. Fasting insulin levels were
taken at baseline and after 6 mo of exercise program.
Care was taken so that none of them took any other
pharmacological intervention except for coexisting con-
dition like hypertension.

Statistical analysis

Statistical analysis was performed using SPSS 10.0.1 soft-
ware (SPSS Inc., Chicago, 1L, US). All data was expressed
as mean * SD. Baseline parameters were compared be-
tween groups using Mann-Whitney U test and for com-
paring the variables before and after therapy, Wilcoxon
signed ranks test was used. The degree of association
between the decline in insulin resistance, ALT and liver
histology; before and after exercise was done using Spear-
man’s correlation coefficient (rs). A significance level of P
< 0.05 was considered as statistical significance.

RESULTS

Seventy-five patients were initially screened for study of
which 60 agreed to participate. Forty five of 60 complied
with the exercise program (compliant group) while 15 did
not (non-compliant group). Majority of our patients had
non-specific minor symptoms like dyspepsia, right upper
quadrant heaviness or had been referred for incidental
detection of fatty liver on ultrasonography(USG) and el-
evated transaminases on routine blood tests.
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Baseline parameters

Majority of study population were male (70%, 42/70)
with mean age being 40.0 + 8.9 years. While 70% (42/60)
patients were overweight, 95% (57/60) had central obe-
sity (WC = 0.90 in men and = 0.80 in women). Two of
our patient had essential hypertension and none of our
patients were diabetic. All of our patients were nonalco-
holic and had negative viral markers. On USG examina-
tion 19 (32%) patients had grade 1, 30 (50%) had grade 2
and 11 (18%) had grade 3 fatty liver.

Histopathology

Thirty-two (53%) patients gave consent for liver biopsy
and findings were given in Table 1. All liver biopsies
showed fatty infiltration predominantly macro vesicular.
Grade 1 fatty infiltration was present in 12 patients, while
grade 2 in 15 and grade 3 in 5. Ballooning degeneration
was present in 8 (25%) and glycogenated nuclei in 11
(34.3%). Majority of the biopsies had mild to moderate
necroinflammatory activity (grade 1 in 10, grade 2 in 17).
Only 5 biopsies showed severe (grade 3) necroinflam-
matory activity. None of the biopsies showed cirrhotic
changes, while grade 1 fibrosis was seen in 14 patients,
grade 2 in 4 and grade 3 in 3 patients. Eleven patients had
no fibrosis on liver biopsy.

Insulin resistance and metabolic syndrome

Mean insulin resistance level in our patients was 7.1 £ 5.1.
Fifty-six (93%) patients had HOMA-IR > 2. The details of
the presence of the components of metabolic syndrome
according World Health Organization (WHO) criteria and
according to modified Indian criteria are given in Table 2.
17% (10) patients had metabolic syndrome according to
WHO ctriteria, but when the modified Indian criterion for
WC was used 37% (22) fulfilled the criteria. Only one pa-
tient in our study population did not have any component
of metabolic syndrome when Indian criteria were used.
The most common feature observed was high WC (modi-
fied) in 57 (95%) followed by low HDL in 38 (63%).

Baseline comparison of compliant and non-compliant
groups

Exercise compliant and non-compliant groups had no
significant difference in baseline characteristics as shown
in Table 3. Demographic profile, anthropometric param-
eters and baseline biochemical results wete not different
in two groups.

Effect of exercise on BMI, WC, aminotransferases
Comparison of anthropometric measurements before
after 6 mo of intervention is given in Table 4. Compliant
group showed significant decrease in BMI [26.7 £ 3.3
kg/m’»s 25.0 + 3.3 kg/m” (P < 0.001)] and WC [95.7 +
8.9 cm to 90.8 £ 7.3 cm (P < 0. 001)]. ALT also showed
significant improvement from 84.8 + 43.5 U/L to 41.3+
18.2 U/L, (P < 0.001) respectively.

Among compliant group, there was 2.9 kg mean
weight loss in patients who were advised both exercise
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Table 1 Histological characteristics of nonalcoholic
steatohepatitis on liver biopsy

Histological finding n =32
Steatosis
Grade 1 12
Grade 2 15
Grade 3 5
Ballooning degeneration 8
Glycogenated nuclei 11
Necroinflammatory activity
Grade 1 10
Grade 2 17
Grade 3 5
Staging fibrosis
Stage 0 11
Stage 1 14
Stage 2 4
Stage 3 3

Table 2 Components of metabolic syndrome seen in our
patients » = 60 (%) according to National Cholesterol

Education Program adult treatment panel [l and waist
modified by Indian criteria

Components present NCEP ATP III Indian criteria
None 7 (12) 1(2)

1 20 (34) 13 (22)

2 23 (38) 24 (40)

3 8 (13) 18 (30)

4 2(4) 4(7)

NCEP ATP III: National Cholesterol Education Program adult treatment
panel IT1.

and dietary restriction, while 0.3 kg decrease in weight
was seen in patients who were advised only exercise
(normal BMI group). Noncompliant group had increase
of 0.4kg weight at the end of 6 mo. Patients who were
advised exercise only showed no significant change in
BMI [23.0 + 1.4 kg/m’ s 21.7 £ 1.6 kg/m’; P = not sig-
nificant (NS)], but they had significant improvement in
waist circumference (88.0 £ 7.0 cm »s 85.4 £ 7.2 ¢cm, P
= 0.001). Patients who were advised exercise and diet re-
striction (high BMI) showed significant irn;)rovernent in
BMI, waist circumference (28.5 £ 2.4 kg/m” 15 26.6 = 2.7
kg/mz, P < 0.001 and 99.5 £ 7.2 cm 5 93.6 £ 5.5 cm, P
< 0.001, respectively).

Effect of exercise on insulin resistance and correlation
with ALT
Insulin resistance showed a significant decline at the end
of exercise program in the compliant group. Insulin re-
sistance decreased significantly in both combined group
and exercise alone group (6.5 = 4.8 to 1.4 £ 1.1 and 6.2
+ 4.6 to 1.2 £ 0.8 respectively) (Figure 1). In the non-
compliant group there was no significant change in insu-
lin resistance level before and after exercise (Table 4). Us-
ing Spearman’s correlation, the decline in ALT correlated
with decline in insulin resistance levels in the compliant
group (P = 0.01, £s= 0.903), but there was no correlation
in noncompliant group (P = NS), r:= 0.321), (Figure 2).
At the end of follow-up, 24 compliant patients had
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Figure 1 Diagrammatic representation of homeostasis model assess-
ment-estimated insulin resistance levels of all the patients in the 3 groups
before and after exercise. HOMA-IR: Homeostasis model assessment-
estimated insulin resistance.
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Figure 2 Correlation of decline in homeostasis model assessment-
estimated insulin resistance levels to serum alanine aminotransferase in
the compliant and non-compliant group using Spearman’s test. NS: Not
significant.

normal ALT levels while in none of the noncompliant
patients ALT normalized.

Effect of exercise on liver histology and correlation with
insulin resistance and anthropometry
Hight patients had repeat liver biopsy in compliant group,
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Table 3 Baseline demographic, anthropometric and

biochemical characteristics of patients

Characteristic Non-compliant Compliant P
(n = 15) group value'
(n = 45)

Age (yr) 39.6+8.9 401+9.0 NS
Gender (Males) 9 37
BMI (kg/m?) 27.6+38 267 +33 NS

<25 6 15

25-30 6 20

> 30 & 10
WC 98.0 +8.6 95.7 +8.9 NS
Fasting glucose 86.4£11.3 86.8 £14.3 NS
(mg/dL)
2 h glucose 128.2+43.5 123.5+41.8 NS
(mg/dL)
Serum albumin 39104 40104 NS
(/dL)
AST (U/L) 78.3 £460.2 76.2£46.2 NS
ALT (U/L) 82.0 £45.0 84.8 £43.5 NS
Total cholesterol 202.2+45.0 194.6 £ 62.0 NS
(mg/dL)
Triglycerides 178.5 £102.6 186.4 £112.5 NS
(mg/dL)
LDL (mg/dL) 1145+ 435 1204 +56.4 NS
HDL (mg/dL) 385+185 374486 NS

"Mann Whitney U test. BMI: Body mass index; WC: Waist circumference;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDL:
Low-density lipoprotein; HDL: High-density lipoprotein. NS: Not significant.

— Improved
No change
— Mean

HOMA-IR level
O N WH U N ®O

Pre Post

Figure 3 Change in nonalcoholic steatohepatitis score pre and post inter-
vention (n = 8).

of which six showed improvement in steatosis, necroin-
flammatroy score with no change in fibrosis score and
two had no change of the NASH score (Table 5 and
Figures 3 and 4). Total NASH score in eight patients de-
creased from 5.3 £ 1.5to 3.3 £ 1.5 (P = 0.02).

Using spearman’s correlation decline in HOMA-IR
correlated with decline in NASH score in these 8 patient
with repeat histology (P = 0.03, rs = 0.73). Improvement
in NASH score also correlated with decline in WC (P =
0.04, - = 0.65), BMI (P = 0.05, s = 0.62) and ALT (P =
0.05, s = 0.54) (Table 6.)

DISCUSSION

Our study showed that regular acrobic exercise by pro-
moting weight loss resulted in improvement in insulin
resistance, aminotransferase level and liver histology after
6 mo. All these patients had insulin resistance at baseline
and persistent elevation of serum aminotransferase be-

July 27,2012 | Volume 4 | Issue 7 |



Bhat G et a/. Lifestyle changes in NAFLD patients

Table 4 Sub-group analysis of the compliant group - exercise alone and both exercise

non-compliant group

and diet modification and comparison with

Variable Non-compliant (7 = 15) Exercise (n = 12) Exercise and diet (7 = 33)

Pre Post P value' Pre Post P value' Pre Post P value'
BMI (kg/ mz) 27.6 +3.8 D77 4 B3 NS 23.0+14 21.7+1.6 NS 285+24 26.6+2.7 <0.001
WC (cm) 99.2 £7.00 98.7+8.4 NS 88.0+7.0 85.4+72 0.001 995+7.2 93.6 £5.5 < 0.001
WHR 09+0.3 09+0.1 NS 09+0.3 09+0.1 0.006 0.9+0.6 09+0.1 0.001
ALT (U/L) 82.0 £45.0 78.2+18.6 NS 69.8 £32.3 34.6 £13.1 0.001 90.3 £46.1 43.8+194 0.001
HOMA-IR 8.7+4.1 10.5+9.8 NS 6.2+4.6 1.2+£0.8 0.002 65+44 14+£1.1 <0.001

"Wilcoxon signed rank test. BMI: Body mass index; WC: Waist circumference; WHR: Waist-hip ratio; ALT: Alanine aminotransferase; HOMA-IR:

Homeostasis model assessment-estimated insulin resistance. NS: Not significant.

Figure 4 Liver histology pre (A) and post (B) intervention in compliant
group.

fore entering into the study. Previous studies have shown
that weight reduction results in normalization of alanine
aminotransferase'”. In the present study, improvement
in insulin resistance and aminotransferase was seen in all
exercise compliant subjects.

In an earlier study, we have shown that lifestyle modi-
fication adapted by previously sedentary patients resulted
in improvement aminotransferase levels after 3 mo'”. In
the present study we demonstrated that decline in ami-
notransferase correlated with improvement in insulin re-
sistance and in a small proportion of exercise compliant
patient we documented histological improvement with
paired liver biopsy.

There was significant correlation in the decline of
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Table 5 Anthropometric, biochemical and histological

characteristics of patients with paired liver biopsy (7 = 8)

Variable Pre-intervention  Post-intervention P value'
BMI (kg/m?) 276+38 260+24 0.012
WC (cm) 96.3+7.6 91.0+6.3 0.01
ALT (U/L) 99.8 £37.2 34.0+16.8 0.01
HOMA-IR 6.1+38 1.04 £ 0.5 0.01
NASH score 5315 BICERNI5! 0.02

'Wilcoxon sign rank test. BMI: Body mass index; WC: Waist circumference;
ALT: Alanine aminotransferase; HOMA-IR: Homeostasis model assessment-
estimated insulin resistance; NASH: Nonalcoholic steatohepatitis.

Table 6 Correlation between improvement in nonalcoholic

steatohepatitis score and anthropometry, biochemical
characteristics

Variable rs P value'
BMI (kg/m’) 0.62 0.05
WC (cm) 0.68 0.04
ALT (U/L) 054 0.05
HOMA-IR 0.73 0.03

1Spearman correlation. BMI: Body mass index; WC: Waist circumference;
ALT: Alanine aminotransferase; HOMA-IR: Homeostasis model assessment-
estimated insulin resistance.

ALT to improvement insulin resistance which shows
the causal relation of insulin resistance in NAFLD. This
proves that exercise improves insulin sensitivity resulting
to decline in ALT level. Insulin resistance, with the other
features of the metabolic syndrome, is now regarded
major mechanism for development of NAFLD, even in
the absence of obesity and diabetes mellitus"”. Regular
acrobic exercise has been shown to improve insulin sensi-
tivity and alter substrate use in skeletal muscle. This effect
is by up -regulation of insulin receptor substrate (IRS-1)
which promotes GLUT4 transporter protein necessary
for the uptake of glucose by muscle®™. Exercise has also
been shown to increase oxidative capacity of muscle cells
and utilization of fatty acids for oxidation. This decreases
fatty acids and triglyceride accumulation in the myocytes
and thereby improves insulin sensitivity™,

In this study exercise compliant patients had an aver-
age 2.9 kg weight reduction in high BMI group compared
to 0.4 kg weight in noncompliant group. Previous studies
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have shown benefit of weight reduction in improving se-
rum aminotransferases, but optimum rate and amount of
weight loss needed to achieve this benefit are still unclear.
In obese children reduction of around 0.5 kg/wk with
dietary modification had been shown to improve serum
aminotransferase level™. We found around 5% decline
in weight and BMI is sufficient to achieve significant
decline in insulin resistance. Hatlier studies have shown
that around 10 % weight reduction results in significant
improvement in clinical condition,

Majority patients in our study had visceral adipos-
ity. While 30% patients had normal BMI (< 23 kg/ mz),
visceral adiposity was present in 95%. Earlier studies
have shown that Asian people have higher visceral fat
compared to western population for a given BMI™, The
normal BMI and WHR were also found to be lower in
Asian Indians. The key finding in our study was signifi-
cant improvement in IR with decline observed in waist
citcumference and WHR in the normal BMI group with-
out significant reduction in their BMI. This decrease in
waist citcumference in these groups is likely to be due to
decrease in abdominal fat stores. Regular acrobic exercise
seems to redistribute the fat stores in the body, which
ultimately leads to decrease in visceral obesity and height-
ens the insulin responsiveness in adipose tissue™. Data
from other studies suggest that regular physical exercise
reduces the risk of developing non-insulin dependent
diabetes mellitus and improves blood cholesterol (LDL
and HDL) level, both of which are significant risk fac-
tors for NASH™. The use of life style modification has
shown more encouraging results than metformin in pre-
vention of diabetes (58% us 31%) in Diabetes Prevention
Program™. As type 2 diabetes is the ultimate outcome
of severe insulin resistance and NAFLD is considered as
another consequence of insulin resistance, should also
preventable by lifestyle modification. Obesity and insulin
resistance with all known health consequences is now
considered high priority, it is reasonable to think wide-
spread community adoption of lifestyle modification will
help to overcome present century epidemic of obesity
related health hazard including NAFLD.

There is enough data to suggest reduction in vis-
ceral adiposity is an important step in improving insulin
resistance. In a previous study with 32 obese patients,
improvement in insulin resistance correlated with change
in regional adiposity™. Previous data suggest exercise
induced reduction in total and regional adiposity is posi-
tively associated with intensity of exercise™”. These data
corroborate our finding of improvement in IR correlates
with improvement in visceral adiposity.

There is very limited data available on the efficacy of
non-pharmacological and pharmacological interventions
on liver histology, patticularly necroinflammation with
NAFLD. Two previous studies with paired liver biop-
sies showed improvement or stable liver histology (both
necro-inflammation and fibrosis score)”™. In our study
eight patients had repeat liver biopsy, six had significant
improvement in necroinflammatory score, 2 had stable
score and none had worsening of NASH score over 6
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mo period.

Improvement in NASH score correlated with im-
provement in insulin resistance, waist circumference,
BMI and ALT. Our study highlights the fact serum ami-
notrasferase levels correlates with histological improve-
ment in NAFLD patients. In a study by Gomez e a/™”,
addition of antioxidants to lifestyle modification intensi-
fies improvement in insulin resistance and liver histology.
This gives scope for future research about addition of
pharmacological treatment (antioxidants and insulin sen-
sitizers) to life style changes and their synergistic benefit
on liver histology.

As this study was short-term, the greatest improve-
ment in liver histology was seen in steatosis, and necroin-
flammatory score. Decrease in necroinflammatory score
by = 2 was observed in 2 patients and by 1 point in 4 pa-
tients indicating that life style changes was effective in de-
creasing hepatocyte inflammation. There was no change
in fibrosis score, which is likely related to the short dura-
tion of the study.

Pharmacological treatment of NAFLD has shown
variable results """ At present, very limited data avail-
able on impact of pharmacological agent on histological
progression in NAFLD. Most promising among them are
insulin sensitizer (thiazolidendiones and metformin) and
antioxidants. However weight gain is known side effect
of thiazolidendiones and the long-term effects in patients
with NAFLD of these drugs are currently unknown.

We agree that our study was short term study, and
none of noncompliant subjects had second liver biopsy
as these patients were less motivated about life style
changes and reluctant for repeat procedure. Despite these
limitations we feel that acrobic exercise and dietary modi-
fications improves insulin resistance resulting in histologi-
cal improvement.

To summarize, based on these results, lifestyle modifi-
cation improves insulin resistance and liver histology. All
patients with NAFLD should be encouraged to continue
moderate intensity aerobic exercise; improvement in se-
rum ALT and insulin resistance can be used as laboratory
parameters for effective treatment. We acknowledge that
our study was short term and involved highly motivated
patients, and confirming these results requires larger ran-
domized controlled trials. Despite these limitations, we
feel it is important to recommend lifestyle changes as the
first line therapy in the treatment of NAFLD.

COMMENTS

Background

With the global epidemic of obesity, the problem of Nonalcoholic fatty liver dis-
ease (NAFLD) is going to be increasingly encounterd by clinicians. Most clini-
cians with emerging clinical epidemiological evidence regard NAFLD as part of
metabolic syndrome. At present there is no established mode for treatment or
prevention of NAFLD and metabolic syndrome. Short term weight losing mea-
sures has shown to improve obesity and aminotransferase levels, but its effect
on insulin resistance and liver histology has not been fully established.

Research frontiers
Insulin resistance has been recognized as major mechanism (first hit) for the
development of NAFLD. In this study author demonstrated improvement in in-
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sulin sensitivity with life style modification and its benefit on liver histology.

Innovations and breakthroughs

Recent studies have shown that life style modification shows improvement in
liver histology. In this study, authors showed improvement in insulin sensitivity
correlates with improvement in liver histology. Improvement in aminotransferase
level and insulin resistance with life style modification can be used as a labora-
tory parameter for effective treatment.

Applications

Future studies needed to evaluate the effect of life style modification with phar-
macological treatment (insulin sensitizer) on insulin sensitivity and liver histology.
Terminology

Inulin resistances play key role in the pathogenesis of NAFLD. homeostasis
model assessment-estimated insulin resistance method, even though not so
accurate, can be used as simple method to calculate insulin resistance in clini-
cal practice.

Peer review

In this paper, the authors found that in exercise compliant individuals decline
in insulin resistance correlated with decline in alanine aminotransferase levels
and liver histology. An increase in serum ferritin level is feature of NAFLD and
authors have to discuss effect on ferritin levels. An intake of fish is associated
with insulin resistance and ALT levels, authors’ needs to investigate the change
in dietary habits. Inflammation is associated with insulin resistance and authors
needs to demonstrate data for inflammation including C - reactive protein and
interleukin-6. One of the key issues is how to treat NAFLD patient with poor
compliance for lifestyle modification. The authors have to discuss the point by
referring the new exercise device.
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