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Abstract

AIM: To investigate the effect of lifestyle intervention
on non-alcoholic fatty liver disease (NAFLD) in Chinese
obese children.

METHODS: Seventy-six obese children aged from 10
to 17 years with NAFLD were enrolled for a one-month
intervention and divided randomly into three groups.
Groupl, consisting of 38 obese children, was an untreated
control group without any intervention. Group 2,
consisting of 19 obese children in summer camp,
was strictly controlled only by life style intervention.
Group 3, consisting of 19 obese children, received oral
vitamin E therapy at a dose of 100 mg/d. The height,
weight, fasting blood glucose (FBG), fasting serum
insulin (FINS), plasma alanine aminotransferase (ALT),
aspartate aminotransferase (AST), triglyceride (TG),
total cholesterol (TCHO) and homeostasis model assent-
insulin resistance (HOMA-IR) were measured at baseline
and after one month. All patients were underwent to
an ultrasonographic study of the liver performed by one
operator who was blinded to the groups.

RESULTS: The monitor indices of BMI, ALT, AST, TG,
TCHO and HOMA-IR were successfully improved except
in group 1. BMI and ALT in group 2 were reduced more
significantly than in group 3 (2.44 £+ 0.82 vs 1.45 + 0.80,
P = 0.001; 88.58 £ 39.99 vs 63.69 + 27.05, £ = 0.040,
respectively).
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CONCLUSION: Both a short-term lifestyle intervention
and vitamin E therapy have an effect on NAFLD in obese
children. Compared with vitamin E, lifestyle intervention
is more effective. Therefore, lifestyle intervention should
represent the first step in the management of children
with NAFLD.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) tends to
become epidemic in children worldwide in the latest
decade. NAFLD is recognized as a cause of potentially
progressive liver damage. The entire range of liver
involvement in NAFLD can occur in children, such as
hepatic macrovesicular steatosis without inflammation,
steatosis with inflammation or fibrosis [which defined
as non-alcoholic steatohepatitis (NASH)| and cirrhosis.
NAFLD may be the hepatic aspect of the metabolic
syndrome that comprises central obesity, insulin resistance,
hypertension and dyslipidemia in adults and children!.
The natural history of NAFLD is only partly known,
the disease slowly progresses to cirrhosis and the initial
assessment of NASH as being benign is not supported
by the available evidences?®. Insulin resistance has been
shown to be the basic pathophysiological mechanism
responsible for the fatty transformation of liver (first
hit) as well as the second hit which leads to hepatocyte
injury®'”l. The gold standard of diagnosis is liver biopsy,
but it is not frequently performed in the pediatric
population. Liver ultrasonography (US), although not
sensitive enough to assess liver fibrosis or inflammation,
has a sensitivity of 89% and a specificity of 93% for
detecting histological steatosis!'"'?. In the absence of liver
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biopsy, presumed NASH is conventionally diagnosed by
classical ultrasonography together with an elevated serum
level of alanine aminotransferase (ALT)!".

Multiple therapeutic agents such as vitamin E,
B-carotene, metformin, PPAR-gamma agonists and the
lipase inhibitor orlistat have demonstrated to be useful
in NAFLD in a series of small cases!""'®, Lifestyle
intervention (dietary restriction and exercise) has also
improved the liver function of patients with NAFLD!",
Conflicting data on the therapeutic efficacy of these drugs
have been reported in the literature!*'%.

The aim of this study was to investigate the short-term
effect of a lifestyle intervention on liver biochemistry and
fasting insulin levels and compare with that of the vitamin
E therapy in obese children with NAFLD.

MATERIALS AND METHODS

Seventy-six obese children, according to the criteria
that a child was considered to be obese when the body
mass index (BMI) exceeded the 95th BMI percentage
for age and sex”, were enrolled in this study. The
age of the subjects ranged from 10 to 17 years (mean
13.7 £ 1.9 years). They were all obese children with liver
fatty infiltration in ultrasonic appearance and abnormal
liver function with higher alanine aminotransferase (ALT)
by at least 1.5 times over the upper normal limit which
was diagnosed as NASHP!. They were divided randomly
into three groups and the ultrasonography operator was
blinded to the groups. Group 1 was an untreated control
group, consisting of 38 obese children, who had not taken
any medicine and lifestyle intervention. Group 2 had 19
obese children, taking no drug and treated only with strict
lifestyle intervention at summer camp. Group 3, consisting
of 19 obese children, was treated with vitamin E, while
improving their behaviors and enjoying their lives freely by
themselves at home. Patients who had positive markers for
other liver diseases (hepatitis virus, TORCH, metabolic,
genetic) or who had a history of alcohol intake were all
excluded. Studies of the three groups were carried out at
the same time, that of group 2 at the summer camp, and
the others were done separately at home. They were all
observed for one month, because the camp lasted only a
month (Figure 1). The characteristics of the three groups
are shown in Table 1.

Written informed consent was obtained from all
participants and in case of minors, it was obtained from
their parents. The study was conducted in accordance with
the guidelines proposed in the Declaration of Helsinki and
was approved by the Ethics Committee of the Children’s
Hospital of Zhejiang University School of Medicine.

Lifestyle intervention

Nineteen patients in group 2 were strictly controlled by
lifestyle intervention without any drug therapy. They
took part in the summer camp without their parents.
The Nuote Nutrient Center which was in charge
of the camp, consisted of nutrient experts, physical
experts and pediatricians. Physical exercises, including
swimming, playing basketball and tabletennis, were
taken freely for three hours of aerobic exercise each

| 76 Chinese obese with NAFLD
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Figure 1 The dispositions of subjects. (76 obese children and adolescents with
NAFLD aged between 10 and 17 years were enrolled in this study).

Index Group1 Group2 Group3 F P
(n=38) @n=19) (n=19) value value
Male/Female 26/12 13/6 13/6 0.000 1.000
Age (yr) 14.04+1.8 134+£25 134+1.6 0.904 0.410
BMI (kg/mz) 29.81+241 29.61+148 2936+3.11 0.223 0.800
ZBMI 353+1.17 3.02+0.39 344 +157 1268 0.287
ALT (IU/L) 144.77 £ 26.73 152.26 £49.30 139.98 £19.82 0.711 0.495
AST (IU/L) 86.63 +21.54 93.26 £38.94 7855+23.11 1.432 0.245
TG (mmol/L) 1.44 £0.35 1.38 £0.38 1.51+£033 0.698 0.501
TCHO 4.70+1.18 4.82 +0.91 4.61+1.03 0.200 0.819
(mmol/L)
FBG (mmol/L)  4.26 +£0.42 415 +0.39 422+043 0527 0.592
FINS (IU/L) 1550+2.10 1554+450 1542+1.10 0.011 0.989
HOMA-IR 2.93 +0.44 2.87 £ 0.88 2.89+0.32 0.087 0917

BMI: Body mass index; ALT: Plasma alanine aminotransferase; AST:
Aspartate aminotransferase; TG: Triglyceride; TCHO: Total cholesterol; FBG:
Fasting blood glucose; FINS: Fasting serum insulin; HOMA-IR: Homeostasis
model assent-insulin resistance; Group 1: Receiving no intervention as
control; Group 2: Taking no drug and treated only with lifestyle intervention
at summer camp; Group 3: Taking vitamin E, and controlled lifestyle
intervention at home.

day. The diet management followed the principle of
low-calorie [high in carbohydrate (50%) and low in
fat (10%)] with the aim of a reduction in daily intake
by 250 kcal. A total daily calorie intake was controlled
from 1300 kcal to 1600 kcal based on the individual
age. Two eggs and a bowl of soymilk were supplied at
breakfast. Pork, egg, fish, shrimp, fresh vegetable, rice
and corn were served at lunch and dinner. No beverage
but mineral water was provided. They were requested
to get up at 6: 30 O’clock in the morning and take
aerobic physical exercise in the morning and afternoon.
In the evening they did their homework and watched
TV for an hour, then went to sleep at 21: 00 O’clock.
The summer camp lasted one month. Nineteen patients
in group 3 were controlled in lifestyle freely by themselves
with total daily calorie intake and physical exercises (a low-
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Index Group Before After t P
intervention intervention value value
BMI Groupl 29.81 +2.41 29.83 £2.32 -0.339  0.736
Group2 29.61 +1.48 27.18 £1.83 12.892 0
Group3 29.37 +3.11 27.92 +3.29 8.034 0
ZBMI Groupl 353+1.17 3.55+1.16 -1.765  0.086
Group2 3.02+0.39 215+ 0.64 16.356 0
Group3 344 £1.57 257 £1.57 9438 0
ALT Groupl 144.77 £26.73  144.82 + 25.51 -0.076  0.94
Group2 152.26 +49.30 63.68 + 23.38 9.654 0
Group3 139.97 +19.82 73.28 £10.11 13219 0
AST Groupl 86.63 + 21.54 85.73 £19.60 1.017 0.316
Group2 93.26 + 38.94 45.09 +£19.18 6.699 0
Group3 78.55 +23.11 45.80 + 6.66 6.9 0
TG Groupl 1.44 £0.35 1.46 £0.31 -0.69 0.494
Group2 1.38 £ 0.38 0.99 £0.37 3.851 0.001
Group3 1.51+£0.33 1.27 £0.28 4.6 0
THCO Groupl 4.70 £1.18 4.69 £1.09 0.204 0.84
Group2 4.83 +0.92 4.54 +0.98 2.783  0.012
Group3 4.61+1.03 4.23 +£0.82 2.24 0.038
FBG Groupl 4.26 +0.42 4.26 £0.32 -0.046  0.964
Group2 415+ 0.39 413 +042 0.154  0.879
Group3 4.22+043 4.08 £0.41 1.11 0.279
FINS Groupl 15.50 £ 2.10 15.71+£2.19 -0.941 0.353
Group2 15.54 +4.50 8.53 £4.08 4322 0
Group3 1542 +1.10 8.77 £2.46 10.26 0
HOMA-IR Groupl 293 +0.44 297 £0.51 -0.886  0.382
Group2 2.87 £0.88 1.63 £0.92 3.579  0.002
Group3 2.89 £0.32 1.62 £0.59 8.08 0

BMI: Body mass index; ALT: Plasma alanine aminotransferase; AST:
aspartate aminotransferase; TG: Triglyceride; TCHO: Total cholesterol; FBG:
Fasting blood glucose; FINS: Fasting serum insulin; HOMA-IR: Homeostasis
model assent-insulin resistance.

intensity aerobic exercise to reach a 50%-60% maximum
of their heart beat and maintained for 30 min, 2-3 times a
week). Thirty-eight patients in group 1 did not receive any
lifestyle intervention.

Drug therapeutic protocol

Patients in group 3 received vitamin E capsule at a dose
of 100 mg/d for one month. Groups 1 and 2 received no
drug treatment.

Monitoring indices

Indices of all patients, including the height, weight, fasting
blood glucose (FBG), fasting serum insulin (FINS), plasma
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), triglyceride (TG) and total cholesterol (TCHO),
were measured in the morning after an overnight fast
and repeated after a month. Fasting blood glucose was
measured by the glucose oxidase method (Beijing North
Biotechnology Invest, China) with intra-assay and inter-
assay CV of 2.1% and 4.4%, respectively. Fasting serum
insulin levels were determined by radioimmunity assay
(Beijing North Biotechnology Invest, China). The intra-
assay and inter-assay CV were 6.4% and 9.7%, respectively.
ALT, AST, TG and TCHO were measured by routine
laboratory test (BECKMAN Synchron Clinical System
CX4, American) at the central laboratory of our unit. In
this study, hypertransaminasemia (or elevation of serum
ALT) was defined as serum ALT levels being raised by
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at least 1.5 times over the upper normal limit (normal
range: < 50 IU/L). BMI = weight (kg)/height (m?). To
compare BMI among different ages in both boys and girls,
BMI Z-score was considered. The Z-score represents the
number of s.d. above or below the mean value based on
standatdized tables for children™. Insulin resistance was
assessed by homeostasis model assessment (HOMA-IR)
based on serum fasting insulin and glucose concentrations.
HOMA-IR = (FINS in mIU/L X FBG in mmol/L)/22.5.
Our previous study proved that HOMA-IR was a valid
insulin sensitivity index from OGTT parameters in obese
children and adolescents!™.

All patients underwent an ultrasonographic study of
the liver performed by one operator who was blinded
to the groups. The apparatus used (LOGIC 500, GE
corporation) was equipped with a convex 3.0-5.0 MHz
probe. Longitudinal, subcostal, ascending, and oblique
scans were performed. The ultrasonographic criteria of
liver-kidney echo discrepancy, echo penetration into the
deep potrtion of the liver, and clarity of liver blood vessel

structures were used to diagnose fatty liver according to
Graif M, et al*¥.

Statistical analysis

Statistical analyses were conducted using SPSS software
(Version 13.0). Pearson Chi-square was used to measure
the enumeration data between subgroups. Quantitative
data were presented as mean £ SD or median (range) and
estimated by one-way ANOVA or paired-samples # test.
Mann-Whitney test was used to evaluate the significance
of skewed distributed data. A two-tailed P < 0.05 was
considered statistically significant.

RESULTS

A total of 76 NASH patients were analyzed and observed
for a month. The baseline characteristics of the three
groups were not significantly different (P > 0.05) (Table 1).
After one month, these characteristics in group 1 were not
improved (P > 0.05) (Table 2).

In groups 2 and 3, all patients had declined BMI, Zg,
ALT, AST, TG, TCHO, FINS and HOMA-IR after a
month. There was more significant reduction in BMI and
ALT levels after intervention in group 2 than in group 3
(U=73.000, P = 0.001; U= 117.000, P = 0.040, respectively).
No difference was found in the other indices between
groups 2 and 3 (P > 0.05). Ten patients (52.63%) in
group 2 had normal liver functions after the camping was
completed.

Nine patients (47.37%) in group 3 became normal in
liver functions in the end. The liver ultrasonography did
not demonstrate any predominant changes after a one-
month lifestyle intervention.

DISCUSSION

Non-alcoholic fatty liver disease affects a large proportion
of the population. In our previous study, the prevalence of
NAFLD was 22.41% among all obese subjects and the male
is apt to obesity with NAFLD!"*\. The pathogenesis of
NAFLD has remained pootly understood since the carliest
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description of this disease. However, insulin resistance and
oxidative stress play critical roles in the pathogenesis of
non-alcoholic fatty liver disease. As yet no accepted drug
treatment of NAFLD/NASH has been reported.

In this study, we found that the body weights of
all the patients except control group were successfully
reduced. Lifestyle intervention was associated with ALT
improvement after a month. And it seemed that vitamin
E therapy also improved the liver function. At the same
time, lifestyle intervention proved to be more efficient
than vitamin E therapy on BMI and ALT. The liver
ultrasonography did not demonstrate any predominant
change after a month intervention. It is likely that
ultrasonography is not sensitive enough to detect an initial
and short improvement in steatosis. Weight reduction
will improve not only the liver condition but also the
metabolic (insulin resistance) syndrome. Exercise is known
to improve the sensitivity of muscle mass to insulin?.
Furthermore, a recent clinical trial showed that exercise
has modest therapeutic effect in reducing visceral fat and
improving glucose intolerance!. These may partially
explain the beneficial effect of lifestyle intervention in
improving the hypertransaminasemia. Frequency and
intensity of ideal exercise for treatment of NAFLD
remains unknown. Suzuki A ¢ a/ reported that patients
with NAFLD should be encouraged to keep regular
exercise and at least twice a week?.

Vitamin E is frequently used among patients with
NAFLD. The useful effect of vitamin E on inflaimmation
and fibrosis among patients with NASH has been
attributed to its potent antioxidant action. Oxidant
stress has been cited as an important second hit in the
pathogenesis of NASH, and obese children have been
demonstrated to have significantly decreased serum levels
of a-tocopherol? . In these studies, the dose of vitamin
E was 300-1200 mg/d. In one study, vitamin E 300 mg/d
was associated with fibrosis reversal®. However, Nobili
et al reported that in 90 patients in biopsy-proven NAFLD
children, a balanced calorie diet, physical exercise, and
placebo ot alpha-tocopherol 600 IU/d plus ascorbic acid
500 mg/d and a 12-mo double-blind placebo study found
that vitamin E therapy had no effect on ALT or insulin
resistancel’. Kugelmans e# a/ found that vitamin E improved
insulin sensitivity and several of its associated parameters,
including ALT levels in overweight otherwise healthy
subjects but the effect of treatment was not sustained?’.
In our study, vitamin E was also found to improve insulin
sensitivity and ALT level in a month therapy. So, we
conclude that a short-time therapy with 100 mg vitamin E
and lifestyle intervention may have an effect on ALT levels
and insulin resistance in children with NAFLD.

Lifestyle intervention has been recommended for
the treatment of NAFLD in obese children. Early
intervention should attempt to increase physical activity
while implementing dietary and other antiobesity measures.
The emphasis should be laid on slow and modest reduction
of body mass, not exceeding 2 pounds (1 kg)/wk, coupled
with increased physical activity?). It is very encouraging that
lifestyle intervention had short-term effect, but the long-
term effect on NAFLD remains to be clarified. After the
camping, the children and their monitors were assembled

and taught how to do exercise and how to arrange daily
diet. They were encouraged to have a low-intensity aerobic
exercise such as playing basketball and table-tennis, quick
walking, slow running or string jumping, etc to reach a
50%-60% maximum of their heart beat and maintain for
at least 30 min 2-3 times a week. Diet was tailored based
on individual preferences and balanced as hypocalotic diet
(25-30 cal/kg per day, carbohydrate 50%-60%, fat 23%-30%,
protein 15%-20%, fatty acid: two-thirds saturated, one-third
unsaturated, ©6/w3 ratio = 4:1).

In summary, our results suggest that simple lifestyle
intervention with physical exercise and diet in children
with NAFLD can lead to a significant improvement of
liver function and insulin resistance. A shott-term vitamin
E therapy also has a effect on NAFLD in obese children.
Compared with vitamin E therapy, lifestyle intervention
is more effective. Therefore, lifestyle intervention should
represent the first step in the management of children
with NAFLD.
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Background

Non-alcoholic fatty liver disease (NAFLD) is likely to become epidemic in children
worldwide in the latest decade. NAFLD is recognized as a cause of potentially
progressive liver damage. The gold standard of diagnosis is liver biopsy but it
is not frequently performed in the pediatric population. In the absence of liver
biopsy, presumed NASH is conventionally diagnosed by classical ultrasonography
together with an elevated serum level of alanine aminotransferase (ALT).

Research frontiers

Multiple therapeutic agents such as vitamin E, metformin, and lifestyle intervention
have demonstrated to be useful in NAFLD. However, no accepted drug treatment
of NAFLD/NASH has been reported.

Innovations and breakthroughs

Although the relation between diet and fat liver is known, it is the first report about
lifestyle intervention on NAFLD in Chinese obese children. In this study, both a
short-term lifestyle intervention and a short-term vitamin E therapy have an effect
while lifestyle intervention is more effective than vitamin E.

Applications
Lifestyle intervention should represent the first step in the management of children
with NAFLD.

Terminology

NAFLD encompasses a spectrum of disease ranging from simple hepatic
steatosis to non-alcoholic steatohepatitis. The entire range of liver involvement
characterizing NAFLD can occur in children, such as hepatic macrovesicular
steatosis without inflammation, steatosis with inflammation or fibrosis (which
defined as non-alcoholic steatohepatitis, NASH), and cirrhosis. NAFLD may
be the hepatic aspect of the metabolic syndrome that comprises the central
obesity, insulin resistance, hypertension and dyslipidemia in adults and
children.

Peer review

This manuscript is of some interest because therapeutic intervention is limited to
one month and the adherence to the program is really rigorous. This experiment
may provide insights on the short-term modification of some indexes of NAFLD
that probably anticipate the improvement of fatty liver.
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