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Abstract

AIM: To assess nutrition, physical activity and health-
ful knowledge in obese children with biopsy-proven
non-alcoholic steatohepatitis (NASH or NA) compared
to children without liver disease.

METHODS: Children with biopsy-proven NASH com-
prised the NASH group. Age, sex and ethnicity matched
control groups consisted of obese (OB) and lean (CO)
children with no liver disease. Subjects were adminis-
tered the School Physical Activity and Nutrition Survey
and one blood draw was obtained.

RESULTS: Fifty-seven patients were enrolled with a
mean age of 12.1 + 2.1 years, and all were Hispanic.
Even though the OB and NA had a similar increased
body mass index (%), 35% of the NA group always
read nutrition labels compared to none in the OB (P
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< 0.05), and more NA children felt their diet is “less
healthy”. NA consumed the least amount of fruits with
only 25% having = 1 fruit/d vs 45% in OB and 64.7%
in CO (P < 0.05 NA vs CO). Only 15% of NA subjects
performed light exercise vs 35% and 59% of OB and
CO groups, respectively (P = 0.02). The mean physical
activity score was lowest in the NA group (P < 0.05).
Amongst the subjects with NASH, we found that 100%
of patients with grade 2 or 3 fibrosis had a sedentary
score > 2 compared to only 63.6% of those with grade
1 or no fibrosis (P < 0.05).

CONCLUSION: Children with NASH had increased se-
dentary behavior, decreased activity, and fruit intake.
Larger studies may determine the benefit of changing
these behaviors as treatment for NASH.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The prevalence of obesity is increasing in epidemic pro-
portions in both adults and children. This has tripled from
1980 for the age group 6 to 19 years, with national health
and nutrition examination survey (NHANES) reporting
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17.4%-18.8% of children being obese''. The evidence is
clear; obese children become obese adults. In fact, obese
10 to 14 years old adolescents are more than 20 times
more likely to become obese adults™. This is unfortu-
nate, since obesity is associated with metabolic syndrome,
which has been reported in up to 50% of severely obese
children” | and other obesity-associated diseases, such as
fatty liver disease.

As the epidemic of childhood obesity progtesses, it
is predicted that the prevalence of non-alcoholic fatty
liver disease (NAFLD) and non-alcoholic steato-hepatitis
(NASH or NA) will also increase'. NAFLD is an um-
brella term that includes simple steatosis and simple ste-
atosis with the presence of lobular inflammation. These
two forms of NAFLD are generally considered to be
non-progressive. Once a patient has portal inflammation,
ballooning degeneration of hepatocytes or fibrosis the
patient has the type of NAFLD that has been shown to
be progressive, or NASH. A diagnosis of NAFLD may
be made when the patient has elevated liver enzymes in
combination with radiography demonstrating fatty in-
filtration in the liver. NAFLD is now considered to be
the most common cause of chronic liver disease in the
pediatric populationm. Studies using non-invasive tech-
niques have been performed wotldwide and have shown
that NAFLD may be present in up to 77% of obese chil-
dren”. Schwimmer ¢ a/” recently reported a population-
based study where 13% of all children had biopsy-proven
NAFLD and 3% had NASH.

The pathogenesis of the development of NAFLD
is not completely understood. In 1999, Day and JameslSJ
published the current theory “the two hit hypothesis”.
The first “hit” is believed to be the development of ste-
atosis, while the second “hit” leads to the progtression to
inflammation, necrosis and fibrosis. Oxidized by-products
are harmful adducts that can cause liver injury, resulting
in subsequent fibrosis"”. Day[m] has subsequently pointed
out that genetic factors influence the host response to
endotoxin, oxidative stress, and severity of steatosis and
that environmental factors, such as a diet high in saturated
fat or low in antioxidant vitamins, influence the host’s sus-
ceptibility to fatty liver disease.

There are still no approved pharmacological therapies
for NAFLD/NASH. Therefore, current management is
based upon the presence of associated risk factors and
aims to improve an individual’s quality of life, thus reduc-
ing NAFLD-associated morbidity and mortality. Today,
lifestyle intervention (diet and exercise) is the treatment
of choice for NAFLD/NASH. Significantly high levels
of serum triglycerides, glucose, insulin, alanine amino-
transferase (ALT), increased body mass index (BMI) and
waist circumference (central adiposity) are all possible
clinical features of pediatric NAFLD, which suggests that
interventions on these variables can help to treat fatty
liver, as well as to prevent progression to NASH"!. On
the other hand, resolution of histological abnormalities
revealed by liver biopsy is, at this time, the main target of
NASH treatment'?. Studies on pediatric subjects have
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shown that moderate weight loss can improve BMI and
serum levels of ALT, and reduce fatty liver infiltration
and necro-inflammation, although no change has been
demonstrated in degree of fibrosis'.

One way to assess a child’s diet and physical activ-
ity is the School Physical Activity and Nutrition (SPAN)

. .4
questlonnmre[ ]

, which was developed as a surveillance
instrument to measure physical activity, nutrition attitudes,
and dietary and physical activity behaviors in children and
adolescents. This tool can assess many dietary and physi-
cal behaviors over the 24 h prior to questionnaire admin-
istration. The food behaviors measured by this instrument
include recall of certain foods from the previous day.
This type of short-term recall is better for children be-
cause their cognitive skill has not developed sufficiently to
estimate averaging and frequency as found in a traditional
food frequency questionnaire“s]. It has been validated and
found to be reproducible! ™",

We hypothesize that there are differences in the di-
etary behaviors, physical activity and healthful knowledge
between obese children who develop NASH and obese
and lean children with no evidence of liver disease. These
differences would be of greater clinical relevance when
examined in subjects who share a similar genetic back-
ground and who are affected most frequently by NASH,
Le., being of Hispanic origin. Therefore, identifying those
potential environmental differences may have important
implications which may guide us towards treatment and
possibly even prevention of this condition in the future.

MATERIALS AND METHODS

To test the hypothesis that there are differences in the
dietary and physical activity habits between obese children
with NASH and obese and lean children with no evidence
of liver disease, we enrolled 57 children between the ages
of 8 and 16 years into this pilot study. We categorized
them into three different groups: the “NA” or NASH
group which included 20 obese children with biopsy-
proven NASH, the or obese control group (OB) which
included 20 obese children with no evidence of liver dis-
ease, and the or lean control group (CO) which included
17 lean children with no evidence of liver disease.

Inclusion and exclusion criteria

Each subject in the NA group had a history of chronic se-
rum ALT elevation defined by an ALT > 40 U/L on two
separate occasions separated by at least 3 mo (90 d apart).
Subjects also underwent a work-up for other causes of
chronic hepatitis of unknown etiology including serologic
evaluation for alpha-1-antitrypsin with phenotype, hepa-
titis B surface antigen, hepatitis C antibody, copper, ceru-
loplasmin, anti-nuclear antibody, anti-smooth muscle anti-
body (F-actin), anti-liver kidney microsomal antibody, and
total immunoglobulin G. Subsequently, the NA subjects
had a standard of care liver biopsy to identify the etiology
and severity of chronic transaminitis. To be included in
the study, the biopsy demonstrated a minimum of 5% of
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hepatocytes with macrovesicular fat, without other etiolo-
gies for the presence of fat being identified and a pattern
of injury consistent with NASH, as determined by an an-
atomic pathologist. All biopsies were also scored accord-
ing to the NAFLD Activity Score (NAS), which is the
sum of grades for steatosis (0-3), ballooning degeneration
(0-2) and lobular inflammation (0-3)""". Each biopsy also
received a fibrosis score. All NA subjects had their liver
biopsy confirming the diagnosis of NASH within 60 d of
study enrollment.

In the OB group, each subject had a BMI percentile
> 95% for age/sex as determined on growth chart by
the Center for Disease Control (CDC), and no history of
abnormal liver enzymes or chronic liver disease. If serum
ALT levels were not drawn within the last 6 mo, subjects
underwent screening ALT as a requirement for eligibility.
If the subject had an ALT > 40 U/L on the day of the
study visit, the subject was excluded (# = 2).

For inclusion in the CO group, each subject had a nor-
mal weight as defined by having a BMI percentile > 5%
but less than 85% for age/sex as determined on a growth
chart by the CDC. This was followed by Dual X-ray Ab-
sorptiometry (DXA) demonstrating less than 30% fat
mass for females and less than 25% for males. Two male
subjects wete excluded for DXA % fat mass > 30% on
the day of the study visit. CO subjects also had no history
of abnormal liver enzymes or chronic liver disease.

We excluded any subject who had a disease considered
by the study physician to be significant, including history
of cancer or immunosuppressed state. We also excluded
anyone with history of significant alcohol intake, use of
medication known to cause NAFLD, or history of total
parenteral nutrition. This protocol was reviewed and ap-
proved by the institutional review board of Baylor Col-
lege of Medicine.

SPAN

All 57 subjects underwent the same evaluation; one study
visit which included obtaining one blood draw and the
administration of the SPAN" questionnaire. This ques-
tionnaire was developed as a surveillance instrument to
measure physical activity, nutrition attitudes, and food
behaviors in children and adolescents. It has two versions,
one for elementary students and the other for middle/
high school students. We used the elementary school
version, which is 10 pages long, with 54 questions. This
version was found to have a reading level appropriate for
a 9-year-old child and contains pictures to help the child
understand the questions. Also, this questionnaire has
been validated and has shown good to excellent reproduc-
ibility" ",

Hach question is generally directed towards one of
three parameters of interest: food intake, physical activ-
ity and healthful knowledge. Most of the questions that
address the child’s food intake or physical activity are
formatted to ask the child how much he/she has eaten
of that food item on the day prior to the administration
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of the questionnaire (i.c., “Yesterday, did you eat fruit?”).
This is intended to minimize any recall bias. However, the
questions that assess their healthful knowledge are for-
matted in a more general way (i.c., “Do you ever read the
nutrition labels on food packages?”).

For the purpose of better comparisons between the
three groups, we created a scoring system for some of the
questions of interest. For example, we created the physi-
cal activity score based on the sum of the answers of
four different questions in the SPAN questionnaire that
addressed physical activity. The higher the score, the more
physical activity the child reported. We also added up the
answers of two other questions and created the sedentary
score (i.e., Sedentary score = the answer to question 35
“Yesterday, how many hours did you watch TV ot video
movies?” + the answer to question 40 “How many hours
per day do you usually spend on the computer or playing
video games, like Nintendo®, Sega®, or arcade games?”).
Again the higher the score the more sedentary behavior
the subject reported.

For other questions, we divided the children’s answers
into “No” or “Yes”. “No” if they had no intake of that
food item or “Yes” if they had at least one portion of
that food item on the prior day but could be two, three or
more portions. For example the answers to “Fruit intake
= once per day” are cither “No”, which meant they had
no fruit intake the day prior to the administration of the
questionnaire or “Yes” which meant that they had at least
one fruit the day before but could have had more.

Serological analysis

One blood draw was performed at the time of the visit
after an overnight fast of at least 8 h. Serological analysis
was performed for insulin, glucose, lipid profile, and he-
patic profile in Texas Children’s Hospital’s clinical labora-
tory. Heights and weights were measured for all children
and BMI, BMI percentile for age/sex, and BMI Z-score
were calculated. To assess insulin sensitivity, we detet-
mined the Quantitative Insulin Sensitivity Check Index
(QUICKTI) using the calculation: 1/[(log(fasting insulin in
uwU/ml) + log(fasting glucose in mg/dL)]"”. As a mea-
sutre of insulin resistance, the Homeostatic Model Assess-
ment for Insulin Resistance (HOMA-IR) was calculated
using the equation: (fasting insulin in pU/ml. X fasting
glucose in mmol/T.)/22.5". A QUICKI value of < 0.339
represents impaired insulin sensitivity in children, while a
HOMA-IR value of > 2 represents insulin resistance.

Statistical analysis

The data collected (serological levels and questionnaire
answers) were analyzed using the Statistical Package for
the Social Sciences (SPSS, Version 18.0). Descriptive sta-
tistics (means, standard deviations, and percentages) were
calculated to describe sample characteristics. Analysis of
Variance with Tukey’s multiple comparison analysis (Post
Hoc Test) was used to compare the three experimental
groups. Significance was defined as P < 0.05.
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Table 1 Patients’” demographics

Table 2 Body image and dieting behavior (%)

co OB NA P value*
Male: Female 12:5 (71) 15:5 (75) 15:5 (75) 1
(male %)
Age, yr 124£21 11.9+2 1222 0.9
(mean + SD)
BMI (%) 48.95 + 21.85 98.31£1.42"  98.05+1.73° 1
(12.2-83.3) (95.3-99.9) (93.4-99.5)
Z-Score -0.04 227° 217 0.8
BMI % males 49.9 98.4° 97.8° 1
BMI % females 50.4 97.9° 98.7° 1
Fasting insulin 27+25 12.1+8.6° 19.4+10.4*  0.02
(nU/mL) (1-11) (1-31) (5-41)
Fasting glucose ~ 78.7 +7.6 84.1+59 85.9 85" 0.7
(mg/dL) (62-91) (75-95) (68-111)
HOMA-IR 05+05 PIGERIRO, 41423 0.02
(0.1-2.0) (0.2-7.0) (1-9.1)
QUICKI 0.467 £0.069  0.364+0.073° 0.319 £0.027° 0.05
(0.344-0.558) (0.289-0.527)  (0.280-0.383)
Cholesterol 158.9 +£25.2 165.2+304  179.4+378 0.3
(mg/dL) (130-223) (116-243) 95-245)
TG (mg/dL) 62.5+28 114.8 +38° 140.3 + 81.4" 03
(25-123) (63-208) (38-424)
HDL (mg/dL) 56.7 £12.2 434+79° 439+9.7° 1
(37-87) (32-62) (22-68)

°P < 0.05, vs lean controls (CO) group; ‘P < 0.05, vs obese controls (OB)
group. Values represent the mean + SD (range). BMI: Body mass index;
HOMA-IR: Homeostatic model assessment for insulin resistance; QUICKI:
Quantitative insulin sensitivity check index; TG: Triglyceride; HDL: High-
density lipoprotein; NA: Non-alcoholic steatohepatitis subjects.

RESULTS

Patients’ demographics

The study population (Table 1) included a total of 57
children; 20 in the NA group, 20 in the OB group and
17 in the CO group. All three groups were age, sex and
ethnicity matched. The mean age was 12.1 + 2.1 years.
All subjects were Hispanic, and 74 % of the cohort was
males (42 males and 15 females). The mean BMI % was
98.1% for the NA group (Z-score 2.2), 98.3% for the OB
group (Z-score 2.3), and 48.9% for the CO group (Z-score
-0.04). The mean fasting insulin levels were 19.4, 12.1 and
2.7 for the NA, OB and CO groups respectively (P < 0.05
NA »s OB). Increased insulin resistance and decreased
insulin sensitivity were reflected in the HOMA-IR and the
QUICKI (Table 1).

Body image and dieting behavior

While BMI % and BMI Z-score did not differ between
NA and OB, differences in body image and dieting be-
havior between all 3 groups wete elucidated (Table 2). We
found that 55% of the NA group felt that they weighed
too much compared to other students in their grade who
wete as tall as they were, while only 45% of the OB group
and 5.9% of the CO group felt that way (P < 0.01, NA »s
CO; P < 0.01, OB s CO). Upon questioning the subjects
if they have ever tried to lose weight, 85% of the NA
group and 85% of the OB group answered yes compared
to only 11.8% of the CO group. (P < 0.001, NA »s CO; P
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Question CO OB NA

Compared to other students in your grade,

who are as tall as you, do you think you weigh:

The right amount 529 50 35
Too much 59  45° 55
Too little (or not enough) 412 5 10"
Are you trying to lose weight?
No 941  20° 5
Yes 51 80" 95°
Have you ever tried to lose weight?
No 82 15° 15°
Yes 1.8 8"  85°
Do you ever read the nutrition labels on food
packages?
Almost never or never 412 20 10°
Sometimes 529 80 55
Almost always or always 5.9 0 Ebie
The foods that I eat and drink now are healthy:
No 0 0 10
Yes, sometimes 94.4 65 80
Yes, all the time 59 35 10

Values represent percentage of children with each answer, “P < 0.05, vs
lean controls group; ‘P < 0.05, vs obese controls (OB) group. CO: Lean con-
trols; NA: Non-alcoholic steatohepatitis subjects.

< 0.001, OB »s CO). In response to the question “Are you
trying to lose weight now?” 95% of the NA group, 80%
of the OB group and 5.9% in the CO group stated “Yes”
(P < 0.001, NA »s CO; P < 0.001, OB »s CO).

Looking into their healthful dictary knowledge, we
found that 35% of the NA group answered that they
always or almost always read the nutrition labels on food
packages compared to only 5.9% of the CO group and
none in the OB group (P < 0.05, NA »s OB; P < 0.05,
NA 25 CO). Interestingly, only 10% of the NA group and
5.9% of the CO group felt that they always cat and drink
healthy foods, compared to 35% of the OB subjects (P <
0.05, OB »s CO).

Food consumption

Children reported food intake of milk, fruits, and fries
(Figure 1). The NA group consumed the least amount
of fruits when compared to the other groups, with only
25% of NA subjects reporting that they consumed =1
fruit per day compared to 45% and 64.7% of the OB and
CO groups respectively (P = 0.05, between the 3 groups).
This difference was even more significant between the
NA and CO groups (P < 0.05).

The NA group reported the least amount of dairy
consumption, with only 55% having = 1 cup of milk
per day, compared to 60% of the OB group and 64.7%
of the CO group; however this was not statistically sig-
nificant. There were no statistically significant differences
between the 3 groups regarding reported consumption of
cereal, grains, vegetables, or sugar sweetened beverages.
Also, there were no differences between the NA and OB
groups in regards to having breakfast the day prior to the
questionnaire or taking a vitamin pill.
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Figure 1 Intake of milk, fruits and fries. This figure plots the percentage of
subjects responding to school physical activity and nutrition questions regarding
food consumption. Non-alcoholic steatohepatitis subjects reported consuming
significantly less fruits than obese and lean control subjects. CO: Lean controls;
OB: Obese controls; NA: Non-alcoholic steatohepatitis subjects. “P < 0.05, vs CO
group; °P < 0.05, vs OB group.
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Figure 2 Physical activity and sedentary behavior. This figure demonstrates
the physical activity scores and sedentary scores of obese children with non-
alcoholic steatohepatitis (NASH) compared with obese controls and lean
controls. NASH subjects reported significantly less physical activity than obese
and lean controls. CO: Lean controls; OB: Obese controls; NA: Non-alcoholic
steatohepatitis subjects. P < 0.05, vs CO group; °P < 0.05, vs OB group.

Physical activity and sedentary behaviors

Differences in reported light to vigorous exercise and
sedentary behaviors were evaluated in this cohort. We
found that 45% of the NA group performed vigor-
ous exercise (e.g., basketball, running or jogging, fast
dancing, swimming laps, tennis, fast bicycling or similar
aerobic exercises) for at least 20 min the day prior to the
administration of the questionnaire, compared to 64.7%
in the CO group and 25% in the OB (P = 0.05, between
the 3 groups; P < 0.05, OB »s CO). However, only 15%
of the NA subjects had performed light exercise (defined
as fast walking, slow bicycling, skating, pushing a lawn
mower, or mopping the floors) for at least 30 min the
day before, compared to 35% and 59% of the OB and
CO groups, respectively (P < 0.01, NA »s CO, P < 0.05
OB »s CO). The mean physical activity score was lowest
in the NA group NA = 1.3 »s OB =23 »s CO = 2.4; P
< 0.05), but the mean sedentary score was not signifi-
cantly different between the groups (NA = 4.1 »s OB =
3.5 25 CO = 3.5; P = NS) (Figure 2).
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Figure 3 Milk intake and sedentary score by severity of fibrosis in non-
alcoholic steatohepatitis subjects. This figure demonstrates milk consumption
and sedentary scores amongst subjects with non-alcoholic steatohepatitis. All
subjects with advanced fibrosis (grades 2 or 3), had a sedentary score > 2 com-
pared to only 63.6% of those with grade 1 or no fibrosis (°P < 0.05, vs group 1).

Behaviors in subjects with NASH

In an attempt to clarify possible differences in diet and
activity amongst obese children with differing degrees of
liver injury, a sub-group analysis of the NA group was
performed (Figure 3). Amongst the subjects with NASH,
we found that 100% of patients with grade 2 or 3 fibro-
sis had a sedentary score > 2 compared to only 63.6%
of those with grade 1 or no fibrosis (P < 0.05). We also
noted that 44.4% of patients with grade 2 or 3 fibrosis
had = 1 cup of milk per day, compared to 63.6% of pa-
tients with no fibrosis or with grade 1 fibrosis; however,
this difference was not statistically significant. Also, 16.7%
of patients with grade 3 steatosis reported having pasta
on at least 2 occasions the day prior to the questionnaire
while none of the subjects with grade 1 or 2 steatosis had
that amount (P < 0.05). Comparing the patients’ NAFLD
Activity Score (NAS), we found that there were no differ-
ences between subjects with NAS score = 4 and those
with NAS score < 4 in regards to their dietary habits,
physical activity and healthful knowledge.

Subjects with NASH vs non-NASH

Upon comparing subjects with NASH to those with no
evidence of liver disease (“non-NASH” = CO + OB
groups), we found that 75% of the NA group reported
no fruit intake at all compared to only 45.9% in the non-
NASH group (P < 0.05). Additionally, 35% of the NA
group “always” or “almost always” read nutrition labels,
compared to only 2.7% of the non-NASH group (P <
0.01). In evaluating light exercise, we found that 85% of
the NA group reported not performing any light exercise
on the prior day, compared to 54.1% in the non-NASH
group (P < 0.05). And finally, 95% of the NA group
stated that they were currently trying to lose weight com-

pared to only 45.9% of the non-NASH group (P < 0.001).

DISCUSSION

Our pilot study demonstrates clear differences in dietary
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behaviors, physical activity and healthful knowledge
between lean healthy children, obese children with no
evidence of liver disease and obese children with NASH.
One potential caveat to our study is that we didn’t obtain
a liver biopsy to confirm the absence of NAFLD in the
CO and OB groups. However, given the invasive nature
of liver biopsy and normal transaminases in these sub-
jects, it would be unethical to perform this procedure on
children with no other clinical indication. Hence, in order
to minimize this possibility, we excluded any child with
a history of liver disease of any sort, history of elevated
ALT or ALT > 40 U/L on the day of the study visit.

We performed this study in a cohort of Hispanic chil-
dren; this must be taken into account when considering gen-
eralizing this to the population as a whole. Ogden ¢ a/" re-
cently reported that the highest rate of obesity in children
of all age groups was among teenage African American
¢irls followed by Hispanic boys and gitls of all ages with
Hispanic males having the highest percentage of obesity
compared to white and African American males™. Ad-
ditionally, the role of gender, race and ethnicity has been
described in a population based study on NAFLD by
Schwimmer ¢ a/*", where they noted that obese adoles-
cent boys were six times more likely to have fatty liver
compared to obese adolescent girls. This study also sup-
ported the observation that NAFLD is more common in
Hispanic adolescents compared to other ethnicities, with
Hispanic ethnicity making a child five times more likely
to have NAFLD than an African American child”, Given
the prevalence and severity of obesity and NAFLD in
Hispanic children, our study population provides a unique
insight into this population.

In our cohort, all subjects were Hispanic, and 74%
of them were males. This male:female ratio is similar to
Schwimmer’s report of 82% of children with NASH
being male!”. There were no differences between the 3
groups in regards to age and sex; however, there were
clear differences between the groups in regards to their
fasting glucose and insulin levels - findings that are con-
sistent with previous studies (e.g, Louthan ez @/’ and
Vos et al*” studies). Evidence supports the concept that
a trio of obesity, dyslipidemia, and insulin resistance
play an important role in the pathogenesis and severity
of NASH in children, and we found that children with
NASH had an increase in HOMA-IR and a decrease in
QUICKI when compared to the obese and lean control
groups' **, The NA and OB groups had a significantly
higher level of triglyceride (T'G) and lower level of high-
density lipoprotein (HDL) when compared to the lean
control subjects. Those values were comparable to the
values from other studies such as Viva La Familia study
by Butte ¢t ai”! and Quirés-Tejeira ez al”’, as the mean
HDL in our NA subjects was 43.85 £ 9.7 (in Viva La Fa-
milia; HDIL: 46.6 + 0.5 mg/dL) and mean TG was 140.3
+ 81.4 (in Quirds-Tejeira e a/”; TG for boys: 157.2 +
86.9 mg/dL and for girls: 145.0 + 71.7 mg/dL).

Recent studies have shown that the majority of His-
panic mothers of overweight children may not perceive
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their children as being overweightp(”zgl. In another study

by Mikhail et a/*" both children and parents underesti-
mated the child’s body fat with parents’ estimates being
slightly, but not significantly, better (unpublished data).
Similarly, we found that only half of the NA children
found themselves heavier than their classmates; however,
the majority of them had tried and/or are cutrently trying
to lose weight.

Interestingly, even though the NA and the OB groups
had the same mean BMI % (98%), similar proportions re-
ported feeling heavier than their classmates, and a similar
percentage had tried or are currently trying to lose weight,
the NA and OB groups had notable differences in their
healthful knowledge. For example about one third of the
NA children read food labels on a regular basis compared
to none in the OB group, and more NA than OB children
recognized that their diets are “less healthy”. This finding
may be attributed to the fact that the NA children had
multiple physician’s visits including seeing a specialist (i.e.,
a hepatologist), and had undergone multiple blood draws
and a liver biopsy for obesity-related health issues, while
the OB group were recruited generally during their well-
child visit, through Baylor Pediatric Residents Primary
Care clinics at Texas Children’s Hospital. Therefore, the
NA subjects may have a heightened sense that their diet
is not as healthy as it should be and may truly be reading
food labels on a more regular basis.

A growing body of evidence supports that oxida-
tive stress may play a vital role in the development of
NASH. Intake of antioxidants may help prevent the
occurrence of this disease and antioxidant vitamin sup-
plementation studies have been performed". In our
study, there were no differences between the three groups
in regards to their daily intake of a vitamin pill to explain
a difference in their antioxidant intake; however, we noted
that the NA group had the lowest intake of fruits per day
while the CO group had the highest intake. Fruits are rich
in antioxidants”"™, and this difference in fruit intake be-
tween the groups may give insight into why some obese
Hispanic children develop NASH while others do not.

In an analysis of NHANES looking at whole grain
consumption and weight status, it was found that women
consuming at least one serving of whole grain had a sig-
nificantly lower mean BMI and waist citcumference than
women with no whole grain consumptionm. In another
study done in the United Kingdom, it was found that a
higher intake of whole grains (about three servings per
day) was associated with lower BMI and central adipos-
ity™. Nicklas ¢ /™ have found that consuming ready-
to-eat cereal at breakfast was associated with improved
weight and nutrient adequacy in African American chil-
dren. Surprisingly, in our study there were no differences
between the 3 groups in regards to having breakfast or ce-
real intake. This, however, may be due to the small sample
size in our pilot study.

While differences between the 3 groups were noted in
respect to vigorous activity, it was even more notable in
regards to light exercise, with only 15% of the NA sub-
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jects performing light exercise for at least 30 min on the
prior day, compared to one third and almost two thirds of
the OB and CO groups, respectively. While we have not
evaluated for patatin-like phospholipase domain-contain-
ing protein 3 (PNPLA 3) variants in our study subjects, it
has been recognized that PNPLA 3 variants have been as-
sociated with NASH, especially in Hispanics. Johansson,
et al™ reported that PNPLA 3 mutations were associated
with decreased light physical activity. This highlights the
need for studies to evaluate PNPLA 3 mutations in chil-
dren with NASH.

Amongst the subjects with NASH, we found that all
patients with advanced fibrosis had a sedentary score > 2
compared to less than two thirds of those with grade 1 or
no fibrosis. Realizing that this was a one-time study visit,
we can not be certain as to where our subjects are in re-
gards to the natural history of disease progression. How-
ever, in a study out of Ttaly by Nobili ez /", children with
NASH who improved their BMI, partially by increased
exercise, decreased the degree of liver injury. This could
explain the above finding in our study.

In conclusion, both genetic and environmental factors
play major roles in the development of NASH and
determine why only a minority of obese, insulin resistant
individuals progtess from simple steatosis to inflammation
and fibrosis"". This pilot study aimed to use a validated
tool, the SPAN questionnaire, to asses the role of specific
environmental factors such as diet and physical activity
in pediatric NAFLD. Our results suggest that pediatric
hepatologists should consider counseling children with
NASH regarding the potential benefits of decreasing
sedentary behavior, increasing light activity level, and
increasing fruit intake. We conclude that future studies
identifying environmental factors involved in pediatric
NASH may help target therapeutic measures and pre-
ventative measures.

COMMENTS

Background

As the epidemic of obesity in childhood is increasing, it is predicted that non-
alcoholic fatty liver disease and non-alcoholic steato-hepatitis (NASH or NA)
prevalence will increase as well. Currently, there is no approved therapy for this
condition, so life style changes, e.g., diet and exercise have become the main-
stays of therapy.

Research frontiers

The authors hypothesize that there are differences in the dietary behaviors,
physical activity and healthful knowledge between obese children who develop
NASH and obese and lean children with no evidence of liver disease. There-
fore, identifying those potential environmental differences may have important
implications in regards to treatment and possibly even prevention of this condi-
tion in the future.

Innovations and breakthroughs

The authors demonstrated clear differences between obese children with NASH
and obese and lean children with no evidence of liver disease. Children with
NASH had increased sedentary behavior, decreased activity level, and decreased
fruit intake.

Applications

This pilot study highlights the potential benefits of decreasing sedentary behav-
ior, increasing light activity level, and increasing fruit intake in obese children as
this may help prevent the development of NASH in this population.
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Peer review

In this manuscript the authors evaluated nutrition, physical activity and healthful
knowledge in obese children with NASH compared to children without liver dis-
ease and concluded that children with NASH had increased sedentary behavior
and decreased activity. This study is interesting.
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