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Abstract

Background: Obesity is the major cause of nonalcoholic fatty liver disease (NAFLD) as the most common form of chronic liver
disease. Prevention of obesity can be useful in reducing the incidence of NAFLD.
Objectives: This study evaluated the prevalence of fatty liver in relation with body mass index (BMI) by means of ultrasound in high
school students of Zanjan.
Methods: In this cross-sectional study, three hundred high school students aged 12 to 18 years, from Zanjan city were selected ran-
domly and divided to three groups with one hundred children in each group, based on body mass index. Only 240 of them partic-
ipated in the study. The participants were examined by a pediatrician. Weight, height and waist circumferences were measured at
baseline. Liver ultrasound was performed for all children and grade of fatty liver was determined.
Results: There was a significant correlation between grade of fatty liver with BMI, gender and age (P = 0.000, P = 0.000 and P = 0.006,
respectively). Boys had higher rates of fatty liver than girls. Our study showed a strong association between BMI and prevalence of
fatty liver on ultrasound. However, there was no relation between severity of fatty liver and waist circumference (P = 0.067). The
waist circumference was greater in boys, and it increased with age. The mean BMI in children with grade 1 and 2 fatty liver was 26.79
and 30.5, respectively.
Conclusions: According to the study hypothesis, based on BMI, the degree of NAFLD in children was predictable. Ultrasound of liver
is one of the assessment methods of fatty liver but it is not a diagnostic method; it is useful for prevention in order to reduce BMI.

Keywords: Body Mass Index, Nonalcoholic Fatty Liver Disease, Children, Ultrasound

1. Background

Nonalcoholic fatty liver disease (NAFLD) is the most
common form of chronic liver disease. It has a wide spec-
trum of clinical symptoms from simple steatosis up to end
stage liver disease and cirrhosis (1). Nonalcoholic fatty liver
disease occurs due to excessive deposition of triglycerides
(more than 5% of liver weight) in the cytoplasm of hepato-
cytes (2). Currently, NAFLD is recognized as the most com-
mon chronic liver disease in children and adults (3). The
prevalence of NAFLD is 25 to 30% of the general population
in developed countries and in children it is estimated as
3 to 10%, all over the world (4, 5). Fatty liver disease was
identified for the first time by Ludwig et al. in 1980 (6) and
in 1983 it was reported in children (7). Although the real
cause of the disease is still unclear (8), the main risk factors
are obesity, insulin resistance, hyperlipidemia, hyperten-
sion and cardiovascular disease. Genetic factors, ethnic-
ity, age, drugs and inactivity can influence the incidence of
fatty liver (9-12). Previous studies showed that prevalence
of NAFLD increases with obesity and sedentary lifestyle (13).
Therefore, the main treatment is focused on physical ac-

tivity and weight loss (14). Obesity in children is a global
problem (15). Iran is one of seven countries where obe-
sity in children is common (16). In our country, a rapid in-
crease since 1990 was reported in BMI as well as prevalence
of overweightness and obesity (17). On the other hand,
these problems in children and adolescents have doubled
between 1993 and 1999 (18).

2. Objectives

According to the increased prevalence of childhood
obesity, the aim of this study was to investigate the rela-
tionship between prevalence of fatty liver and BMI using
ultrasound in high school students in Zanjan.

3. Materials andMethods

Three-hundred high school students aged 12 to 18 years
in Zanjan city were randomly selected and divided to three
groups with one hundred children in each group based on
body mass index: normal weight (body mass index 85th
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percentile or less), overweight (body mass index between
85th and 94th percentile), and obese (body mass index
95th percentile or more). Given that the prevalence of fatty
liver is about 25%, with confidence of 95% and accuracy of
6%, the required sample size was calculated in 200 individ-
uals. Cluster sampling was done in this study. According to
this type of sampling and correction factor of 1/2, the final
sample size consisted of 240 patients and was considered
enough (120 individuals from each gender). Due to prob-
ability of withdrawal, we selected three hundred samples
but 240 of them participated in the study, thus there were
60 dropouts. Parental consent was obtained from all chil-
dren enrolled in the study. They were examined by one pe-
diatrician.

Inclusion criteria included high school healthy chil-
dren aged 12 to 18 years and exclusion criteria included in-
dividuals with

- History of endocrine and metabolism disorders in-
cluding diabetes mellitus, hypothyroidism, galactosemia,
tyrosinemia type I, Wilson disease, etc.

- Primary liver disease such as viral infections (hepatitis
A virus, hepatitis B virus, hepatitis C virus, hepatitis D virus
and other infectious organisms)

- Other secondary liver involvement due to systemic
disease such as collagen-vascular disorders

- Use of hepatotoxic medications, including anticon-
vulsive agents

From the selected one hundred individuals in each
group, 95 children in the group with normal weight, 59
in the overweight group and 86 in the obese group were
willing to undergo ultrasound examination. Sixty of the
300 did not accept undergoing ultrasound. The children’s
weight, height and waist circumference were measured.
Body mass index was calculated as weight (kg)/Height
(m2). Liver Ultrasound was performed by a single radi-
ologist, without knowledge of the children’s BMI. Each
patient’s demographic data and ultrasound results were
recorded in separate questionnaires. The data were ana-
lyzed by SPSS statistical software version 11.5. The descrip-
tive results were expressed as frequencies, percentages,
mean and standard deviation. We used chi-square and vari-
ance test for analysis of results. The P values less than 0.05
were considered statistically significant. The study was ap-
proved by the ethical committee of Zanjan University of
Medical Sciences.

4. Results

The study enrolled 240 children aged 12 to 18 years
with an equal number (120 patients) of boys and girls in
each group; 95 (39.6%) with normal weight, 59 (24.6%) over-
weight and 86 (35.8%) obese. The highest and lowest BMI

was 37.6 and 12.6, respectively. Lowest BMI for grade I fatty
liver was observed at 14.36 and for grade II was observed
at 26.2. This means that with increasing BMI, the degree
of fatty liver increases. Mean BMI was 26.79 in children
with grade I fatty liver and mean BMI was 30.5 in grade II
fatty liver. There was no significant correlation between
BMI and gender with the chi-square test (P = 0.123). Fatty
liver was reported in 40% of girls and 59.2% of boys in these
three groups. There was a significant relationship between
grades of fatty liver on ultrasound. Gender analysis, using
chi-square test, showed that the boys had higher incidence
(P = 0.000) of fatty liver. The ultrasound detected normal
liver in 121 children and fatty liver in all the remaining 119.
These children had a fatty liver grade I or II. None of the
children had fatty liver with grade III. Table 1 shows that
80 of 95 individuals with normal weight had normal liver;
grade I fatty liver was found in 31 of 59 overweight children
and 51 of 86 obese children. Grade II fatty liver was seen in
one overweight child and in 21 obese children. There was a
significant correlation between BMI and fatty liver involve-
ment using the chi-square test (P = 0.000). This means that,
when body mass index increases the degree of fatty liver in-
creases as well. Also there was a statistically significant as-
sociation between age and gender with grade of fatty liver
seen in ultrasound (P = 0.006 and P = 0.003 respectively).
Boys had higher rates of fatty liver. In patients with normal
liver, the mean and standard deviation of waist circum-
ference were 77.1 cm and 16.2, respectively. Patients with
grade I fatty liver measured 81.1 and 16.1 cm, respectively
and those with grade II fatty liver measured, 81.6 and 15.7
cm respectively. The t-test showed that there was no statis-
tically significant correlation between waist and grade of
fatty liver (P = 0.067), while between waist circumference
and gender there was a significant relationship (P = 0.001).
The waist circumference was greater in boys.

5. Discussion

Children and adolescents with higher BMI have higher
degrees of fatty liver seen on ultrasound. A highly signifi-
cant relationship was observed between BMI and fatty liver
(P = 0.000). A Chinese study (2004) reported that 77% of
obese children had evidence of hepatosteatosis on ultra-
sound but further investigations proved that only 24% of
these individuals had fatty liver disease (19). Younesian
(2015) showed that high prevalence of obesity and anthro-
pometric measurements are independent predicting fac-
tors for Non-Alcoholic Fatty Liver Disease (NAFLD) (20). In
2015, Ardakani et al. proved a high prevalence of fatty
liver on ultrasound in obese children aged 5 to 15 years
(21). Adibi showed that the prevalence of fatty liver on ul-
trasound in obese children was 54.4%. This rate is signifi-
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Table 1. Distribution of Body Mass Index Based on the Grade of Fatty Liver on Ultrasound

Ultrasound Total

Normal Liver Grade I Fatty Liver Grade II Fatty Liver

BMI

Normal Weight 80 (84.2%) 15 (15.8%) 0 (0%) 95 (100%)

Overweight 27 (45.8%) 31 (52.5%) 1 (1.7%) 59 (100%)

Obese 14 (16.3%) 51 (59.3%) 21 (24.4%) 86 (100%)

Total 121 (50.4%) 97 (40.4%) 22 (9.2%) 240 (100%)

Abbreviation: BMI, body mass index.

cantly higher in normal weight and overweight children
(22). Kruger (2010) reported that fatty liver could be seen
on ultrasound of half of overweight or obese people (23).
In our study, the rate of ultrasound reports of fatty liver
in children and adolescents with higher BMI were signif-
icantly higher. Most epidemiological studies, similar to
ours showed a strong association between BMI and fatty
liver on ultrasound (24-26). Nowadays, due to the rise in
global prevalence of overweightness and obesity (15, 27,
28), fatty liver is seen more frequently. Panah believed that
the risk of steatohepatitis was positively non-linearly cor-
related with BMI so that with every five-unit increase in
BMI, the risk of developing steatohepatitis increased more
than four folds (29). Bahrami proposed that BMI is a strong
indicator for steatohepatitis (30). The results of the above-
mentioned studies are consistent with our findings. In dif-
ferent countries, the actual prevalence of fatty liver in chil-
dren is estimated between 3 and 10% (4, 5). Alavian esti-
mated the prevalence of NAFLD in Iranian children at 7.1%
(31). Childhood obesity is common in Iran (16) and BMI has
shown a rapid increase in the recent years (17). Therefore,
the high percentage of fatty liver disease in Iranian chil-
dren and adolescents can be predicted. In our study, the
gender distribution in the samples was identical and there
was no significant relation in terms of BMI between boys
and girls. Fatty liver was found in 40% of girls and 59.2% of
boys in these three groups, and this difference was statis-
tically highly significant. We agree with Schwimmer that
fatty liver is significantly higher in boys than in girls (32).
In our study, waist circumference was higher in boys, and
its size increased with age. There was no significant corre-
lation between waist size and the degree of fatty liver on ul-
trasound. The number of cases of fatty liver on ultrasound
increased with age. According to our findings, there was
an association between overweightness and/or obesity and
fatty liver. It is recommended to study the relationship be-
tween fatty liver, overweightness and obesity, especially in
patients with definitive diagnosis of fatty liver. To reduce

the risk of fatty liver disease, physical activity, reasonable
diet and weight loss, should be recommended.
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