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Abstract
Background and Aims: Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in children 
and adolescents. Obesity is a major risk factor for NAFLD; however, it has been shown that NAFLD is not rare in non-
obese adults. The aim of this study was to determine the prevalence of NAFLD in obese and non-obese children and 
adolescents. 
Methods: The medical records of 340 subjects (aged 2-20 years) in whom autopsy was performed were retrospectively 
reviewed. Of those, 10 subjects were excluded due to insufficient data. The remaining 330 subjects were included in the 
study, of whom 264 were normal weight and 66 were obese. All liver biopsy sections were evaluated by two pathologists 
in a blinded fashion. 
Results: The prevalence of fatty liver was 6% among all the subjects and was higher in the overweight group than 
in the normal-weight group (10.6% vs 4.9%; p<0.001). The prevalence of NAFLD increased concomitant with age. 
There was no significant difference between sexes in cases with NAFLD. Simple steatosis was detected in 7 subjects. 
Steatohepatitis was determined as type 1 in 5 subjects, type 2 in 7 subjects, and as overlap in 1 subject.
Conclusions: This study demonstrated that NAFLD is an important public health problem not only in obese but also in 
non-obese children and adolescents. This suggests that whereas obesity may be a risk factor, other pathogenic factors 
may exist that could contribute to the NAFLD. Hippokratia. 2012; 16 (1): 61-65
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Nonalcoholic fatty liver disease (NAFLD) describes a 
clinicopathologic condition that  is characterized by lipid 
accumulation in excess of 5% of liver wet weight in pa-
tients with no history of excessive alcohol consumption1. 
It is probably the most common cause of liver disease 
in children and adolescents and can progress to cirrhosis 
and hepatocellular carcinoma1,2. 

NAFLD cannot be correctly identified based on clini-
cal features, biochemical parameters or imaging studies. 
Accurate diagnosis and staging of NAFLD requires a 
liver biopsy that cannot be used as a screening tool in 
population studies3. However, autopsy series are another 
means of estimating prevalence based on a histological 
diagnosis4.

The existing population-based prevalence studies 
suggest that NAFLD is a global problem. The prevalence 
of NAFLD in obese adolescents was between 10% and 
25%, suggesting that obesity is a major risk factor for 
NAFLD5,6. However, to our knowledge, the prevalence 
of NAFLD in non-obese children and adolescents has not 
been reported.  

We conducted this study to determine the prevalence 
of fatty liver disease by histology in an autopsy series of 
obese and non-obese children and adolescents. 

Material and Methods

Study Design and Cases:
We retrospectively studied the records of 340 chil-

dren and adolescents aged 2 to 20 years in whom autopsy 
was performed by a medical examiner from 2006-2008. 
The minimum age accepted into the study was 2 years, 
which is the youngest reported age for biopsy-proven ste-
atohepatitis4. Medical examiner records were reviewed 
for age, gender, weight, height, toxicology, and the mode 
and cause of death. Body mass index (BMI) was calcu-
lated according to the formula as weight (kg)/height (m)2. 
We defined obesity as BMI above the 95th percentile for 
age and sex based on established percentile curves for 
Turkish  children7. 

Exclusion criteria were missing clinical data or the 
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absence of a liver slide for review and identification of 
factors that may influence liver histology (alcohol or drug 

use).

Liver Biopsy 
Five-micrometer sections were cut from formalin-

fixed paraffin-embedded tissue blocks of the liver. Slides 
stained with hematoxylin-eosin and trichrome were eval-
uated by two pathologists in a blinded fashion. 

Steatosis was recorded as the percentage of hepato-
cytes containing macrovesicular fat or microvesicular fat. 
Fatty liver was defined as 5% of hepatocytes containing 
macrovesicular fat8. NAFLD was classified as simple ste-
atosis, type 1 nonalcoholic steatohepatitis (NASH), char-
acterized by steatosis with ballooning degeneration and 
lobular inflammation, with or without perisinusoidal fi-
brosis and without portal inflammation, or type 2 NASH, 
characterized by portal inflammation, with or without 
portal fibrosis, and no or minimal ballooning degenera-
tion4. Macrovesicular and microvesicular steatosis, bal-
looning degeneration and perisinusoidal and pericellular 
fibrosis are shown in Figures 1-3, respectively. “Overlap” 
pattern was described with features common to both type 

1 and 2 NASH patterns4  (Table 1).
Statistical analyses: All the calculations were made 

using SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL, 
USA). The difference between groups with and without 
NAFLD was compared using Mann-Whitney U test. The 
X2 test was used to compare the prevalence data.  The re-
sults were expressed as median (range) or percentages. 
Values of p<0.05 were considered statistically significan

Results
Autopsy was performed on 340 subjects (age range: 

2-20 years) by the Ankara Forensic Group medical ex-
aminer. Of those, 10 subjects were excluded due to in-
sufficient data. The remaining 330 subjects were included 
into the study, of whom 264 were normal weight and 66 
obese.  The prevalence of fatty liver was 6% among all 
the subjects and was higher in the overweight group than 
in the normal-weight group (10.6% vs 4.9%; p<0.001) 
(Figure 4). 

Fatty liver prevalence increased concomitant with 
age. While NAFLD was present in only 7 subjects aged 
2 to 14 years, it was determined in 13 subjects aged 15 to 
20 years. The minimum age was 9 years old in the obese-

Figure 4:  Selection and distribution of cases and the prevalence of a fatty liver in the each group

Figure 1:Macrovesicular and microvesicular steatosis 
(H&E)

Figure 2: Ballooning degeneration (H&E)     

Figure 3: Perisinusoidal and pericellular fibrosis (trichrome)   
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NAFLD group versus 2 years old in the normal weight-
NAFLD group. In the obese group, there was no signifi-
cant difference between sexes in cases with NAFLD, and 
those findings are given in Table 2. 

Characteristic features of cases with NAFLD are 
shown in Table 3 according to age ranges. Motor vehicles 
were involved in all 10 deaths of cases with NAFLD. 
Other accidents (drowning, electric shock and falls) ac-
counted for an additional 8 deaths. The remaining 2 cases 
died of other reasons.

imple steatosis was detected in 7 subjects. Steatohep-
atitis was characterized as type 1 in 5 subjects, type 2 in 
7 subjects, and as overlap in 1 subject. The characteristic 
features of NAFLD subjects are given in Table 3.

Discussion
We found that the prevalence of fatty liver in the obese 

and non-obese group was 10.6% and 4.9%, respectively. 
These findings clarify that fatty liver disease is also an 
important health problem in non-obese subjects.

Over the last decades, NAFLD has emerged as the 
leading cause of liver disease in pediatric populations 
worldwide and has increased in parallel to the rise in the 
prevalence of overweight people and obesity9,10. Mean 

BMI was significantly higher in patients with severe fatty 
liver11. However, it has been shown that an increased vis-
ceral adiposity, even in the presence of a normal weight, 
might be relevant in the pathogenesis of NAFLD12. 

 Many different methods are used to determine 
the prevalence of NAFLD. Most studies use serum amin-
otransferase elevations as a surrogate marker for fatty liv-
er disease. In addition, some radiological methods such 
as ultrasonography, computed tomography and magnetic 
resonance imaging can be used13,14. However, the sen-
sitivity and specificity of these methods have not been 
described. The gold standard diagnostic method is liver 
biopsy3. However, it is not feasible in a population-based 
study. Alternatively, autopsy series are means of estimat-
ing prevalence based on a histological diagnosis within 
select populations4. Another challenge is selection of a 
relevant population. The researchers expectedly worked 
on more overweight and obese children. However, NA-
FLD can be seen in normal-weight people.

The prevalence of NAFLD was reported to have a 
wide range (2.6-24%) in the world15-18. Based on ultra-
sound, fatty liver prevalence was predicted to be 2.6% 
in children of school-age in Japan14. In the United States, 
the National Health and Nutrition Examination Survey, 
cycle III (NHANES III) reported the rate of an elevated 
alanine aminotransferase in adolescents (age range: 12-
18 years) as 3%19. A similar prevalence of abnormal ALT 
(3.2%) was reported by the Korean NHANES20. All of 
the reports have shown that pediatric fatty liver disease 
is also important. 

 It has been shown that NAFLD is not rare in 
non-obese adults2. Bacon et al21 worked on 33 adults who 
were diagnosed as clinical and histological NAFLD, of 
whom 61% were non-obese and 42% had normal glu-
cose and lipid levels. Kim et al2 found that 16% of 460 
normal-weight adults were diagnosed as NAFLD with 
ultrasound findings, whereas this ratio was 34% in obese 
individuals. We found that the frequency of NAFLD in 

Table 1: Definition of Steatohepatitis Types

Type 1 Type 2
Ballooning degeneration 

Perisinusoidal fibrosis

+  +  -

-  +  +

-

-

Steatosis + +
Portal inflammation 

Portal fibrosis

-

-

+  +  -

-  +  +
                             + present, -  absent.

Table 2: Clinical Characteristics of the subjects

Normal Weight Overweight Total
NAFLD† 
Absent
(n=251)

NAFLD 
Present
(n=13) p

NAFLD 
Absent
(n=59)

NAFLD 
Present
(n=7) P

NAFLD 
Absent
(n=310)

NAFLD 
Present
(n=20) P

Age (Year)*
13.8±5.5

 ( 16)
15.2±5.7 

(16) 0.86** 4.6±3.9 (5) 10.1±7.1 (19) 0.03** 12.6±6.2 (15)
14.2±6.2 

(16) 0.2**

BMI*‡
19.8±3.8 

(20.2)
21.9±4.3 

(21.6) 0.43**
22.7±4.1 

(22.6)
27.1±5.9 

(26.5) 0.01** 20.2±4 (20.7) 23±5 (23.2) 0.01**

Female % 40.2 59.8 0.11 47.5 42.9 41.6 55 0.25
† Nonalcoholic fatty liver disease  ‡Body Mass Indeks  *Values are mean±SD (median)      ** Mann-

Whitney U test    
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non-obese children and adolescents aged 2-19 years was 
4.9%, whereas it was 6% in the entire group and 10.6% 
in obese subjects. 

Schwimmer et al4 reported the prevalence of histo-
logically proven NAFLD as 9.6% in a case series of au-
topsies performed on children 2–19 years of age. In that 
study, the age group and methods were similar to those of 
our study. However, they found higher rates of NAFLD, 
which may be attributed to ethnicity. In another study, 
Wanless and Lentz22 found that the overall prevalence of 
steatohepatitis was 6.27% in adult autopsies of  hospital-
ized patients, which is close to our records. 

In the non-obese group, steatohepatitis was seen at 
a lower age than in the obese group, which may be ex-
plained by the role of hereditary factors in the etiopatho-
genesis of NAFLD. Previous studies have suggested that 
two single-nucleotide polymorphisms might confer a pre-
disposition to NAFLD and insulin resistance23.

In our study, the prevalence of fatty liver was detected 
to increase with age.  Studies demonstrate that frequency 
of fatty liver is higher in adolescents than in younger 
children, which explains the higher rate of NAFLD in 
adolescents, in view of the associated hormonal changes 
surrounding puberty or their increased control over un-
healthy food choices and sedentary physical activity with 
age24. Hormonal changes during puberty may potentiate 
accumulation of fat in the liver.

 NAFLD was reported as being more common in boys 
than girls24. These gender differences implicate estrogens 
as potentially protective, or indicate that androgens may 
aggravate NAFLD; however, we could not find any sig-
nificant gender-related differences between our subjects 
with NAFLD. 

Conclusion
The prevalence of fatty liver was 6% among all the 

subjects and was higher in the overweight group than 
in the normal-weight group (10.6% vs 4.9%; p<0.001). 
These findings state that fatty liver disease is also an im-
portant health problem in non-obese subjects. This sug-
gests that whereas obesity may be a risk factor, other 
pathogenic factors may exist that could contribute to the 
NAFLD. Therefore, pediatricians should consider NA-

FLD in the differential diagnosis of abdominal pain, non-
specific symptoms such as fatigue or increased transami-
nase levels, even in normal–weight patients. Future stud-
ies may be useful in the development of strategies for 
early diagnosis and prevention of NAFLD in non-obese 
children and adolescents.
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