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Abstract  

Background and Objective: Obesity in childhood increases the risk of fatty liver disease. With respect to 
the increased prevalence of obesity in Iran and the world, this study aimed to investigate the relationship be-
tween fatty liver and obesity in 6 -18 year-old children.  

Methods: In this case-control study, 25 overweight children and 24 obese children, who had inclusion crite-
ria, were selected by convenience sampling method. Then 27 children and teenagers with normal weight and the 
same sex and age were selected as the control group. Weight and height of the participants were measured and 
recorded, liver enzymes ALT and AST were performed for them. Data was analyzed in SPSS software using 
chi-square test, one-way ANOVA, Tukey range follow-up, and logistic regression. The significant level was set 
at p<0.05. 

Results: The results showed that the relative frequency of occurrence of fatty liver increased significantly 
along with increasing body mass index (p<0.001). There was a significant relationship between sex, body mass 
index, and the prevalence of fatty liver in the participants. However, no significant relationship was found be-
tween fatty liver disease and AST and ALT (p>0.05). 

Conclusion: There was a strong relationship between NAFLD and the abnormal body mass in children. It 
will be very useful if obese children to screen for susceptible to NAFLD. 
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Introduction 
Fatty liver is a chronic liver disease that is asso-

ciated with lipid accumulation in hepatocytes and 
is usually created as the result of fat accumulation 
in the liver at the rate of more than 5% of the liver 
weight. This disorder is variable from steatosis 
(simple fatty liver, which is a benign disorder) to 
non-alcoholic steatohepatitis (where fat accumula-
tion is associated with inflammation and injury 
and fibrosis to liver tissue) and finally to advanced 
fibrosis and cirrhosis (1). 

Nonalcoholic fatty liver disease (NAFLD) is in-
creasing in pediatric age group parallel to the 
growing prevalence of obesity and overweight all 
around the world (2). NAFLD has become the 
most common cause of liver disease worldwide 
(3).  

The prevalence of fatty liver in obese children 
has been reported in various studies to be from 

42.6% to 77.1% (4-6). Shiasi Arani et al (2013) 
reported the prevalence of fatty liver disease in the 
obese children and adolescents who referred to 
Children Hospital at Kashan University of Medi-
cal Sciences to be 53.3% (7), and Adibi et al re-
ported the prevalence of fatty liver in obese chil-
dren to be 54.4% (8). 

The main risk factors associated with fatty liver 
disease are obesity, insulin resistance, hyper-
lipidemia, hypertension and cardiovascular diseas-
es (9,10). 

With the change of living conditions in recent 
decades, obesity is alarmingly on the rise in most 
communities and children are no exception to this 
phenomenon. Childhood obesity is one of the most 
serious public health challenges of the 21st centu-
ry Globally, in 2013thenumberofoverweight chil-
dren under the age of five years old, is estimated 
to be over 42 million. Close to 31 million of these 
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are living in developing countries. In the WHO 
African Region alone the number of overweight or 
obese children increased from 4 to 9 million over 
the same period. The vast majority of overweight 
or obese children live in developing countries, 
where the rate of increase has been more than 30% 
higher than that of developed countries. If current 
trends continue the number of overweight or obese 
infants and young children globally will increase 
to 70 million by 2025. 

 Without intervention, obese infants and young 
children will likely continue to be obese during 
childhood, adolescence and adulthood (11). High 
fat and obesity attack the children who are in a 
golden age of personality growth that its effects 
may never be compensated (12). Like many de-
veloping countries, cardiovascular disease and its 
associated risk factors such as obesity as a public 
health problem is increasing in Iran (13). The find-
ings of one study revealed a prevalence of 9.6%, 
9.2%, and 15.7% for overweight, obesity, and cen-
tral obesity among Birjand’s elementary schools’ 
students, respectively (14.). Studies indicate the 
total prevalence of obesity in Iranian population is 
even more than America, England, France, Hol-
land and Italy (12). Obesity can predispose indi-
viduals to CVD complications and diabetes (15). 
They are more likely than non-overweight chil-
dren to develop diabetes and cardiovascular dis-
eases at a young rage, which in turn are associated 
with a higher chance of premature death and disa-
bility. (11). In obese children growth rate increases 
with increasing calorie intake, and the bone age is 
slightly advanced, and there is often a family his-
tory of overweight. In addition, the rapid weight 
gain during the first 6 months of life is a risk fac-
tor for overweight in childhood and adulthood, 
and physical inactivity in the growing years espe-
cially due to watching television is strongly asso-
ciated with overweight (16). 

With regard to the increased prevalence of obe-
sity in Iranian children and teenagers, this study 
was conducted to investigate the relationship be-
tween fatty liver and obesity in 6 -18 year old 
children in Birjand City. 

 
Methods  
In this case-control study, among the 6-18 year 

old children and adolescents present in the Master 
Plan of Metabolic Syndrome from Atherosclerosis 
and coronary artery research center at Birjand 
University of Medical Sciences, 3 groups selected. 
that protocol was approved by the Medical Ethics 
Committee of Birjand University of Medical Sci-
ences (IR.BUMS.1394.271). Inclusion criteria in-

cluded informed consent of the individual and 
their parents, lack of mental retardation, lack of 
chronic drug use, lack of chronic disease and ge-
netic symptoms and syndromes or abnormal 
symptoms, absence of signs of liver disorder, lack 
of symptoms of endocrine diseases, diabetes and 
metabolic diseases. Children with secondary obe-
sity due to drugs or endocrine or genetic disorders 
were also excluded from the study subjects were 
referred to the authors’ pediatric clinic by their 
general practitioner or primary care 
pediatric consultant. 

 
Using the following formula: ݊ = {௭భష∝మඥଶ௣௤തതതതା௭భషഁ√௣భ௤భା௣మ௤మ}	మ(௣భି௣మ)మ   

and the results of the study by Adibi et al (8), 
P1=0.54 and p2=0.1, the sample size of 21 indi-
viduals in each group was obtained, and in this 
study 27 individuals were included in normal 
weight group, 25 individuals in obese group and 
24 individuals in overweight group. 

First, questionnaires of demographic infor-
mation such as age and gender were completed. 
With minimum clothes on, the weights of all indi-
viduals were measured using a German Seca digi-
tal scale. Standing and without shoes, their heights 
were measured two times by using meter, and the 
average of the two measures was recorded. Body 
mass index (BMI) was obtained by dividing 
weight (kg) by the square of height (m), and BMIs 
with the percentile less than 85 were regarded as 
normal, 85-94 as overweight, and 95 or higher as 
obese. 

Then, the individuals were introduced to the 
Laboratory the blood sample was poured into a 
vacuum 5ml tube containing gel separator and clot 
activator, which had been made in Becton Dickin-
son Co. (USA). AST and ALT tests were per-
formed by using COBAS INTEGRA clot detec-
tion set with the German ROCH kit.  

For all the individuals, sonographies were per-
formed by one radiologist. To determine the pres-
ence of fatty liver, the increased parenchymal 
echogenicity in the liver was specified to the ex-
tent of echogenicity of fat and visibility of portal 
veins and hepatic arteries. Then, in deep inspira-
tion, the portal vein diameter was measured, and 
on the basis of sonographies the diagnoses were 
confirmed. 

The data were analyzed through SPSS v.18 us-
ing chi-square, one-way variance analysis, Tuk-
ey’s post hoc test and logistic regression at a sig-
nificant level of 0.05. 
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Results  
Of 76 subjects under study, 27 individuals 

(35.5%) had normal weight, 25 cases (32.9%) 
were overweight and 24 individuals (31.6%) were 
obese. 11 subjects of those who had normal weight 
(40.7%), 9 persons of those with overweight 
(36%), and 13 ones of the obese participants 
(54.2%) were male (p=0.41). The average ages of 
the individuals with normal weight, overweight 
and obesity were 12.85±2.7, 12.6±1.7 and 
12.75±1.6 respectively (p=0.91). 

With increases in BMI, the relative frequency of 
occurrence of fatty liver increased significantly in 
the individuals so that 18.5 % of those with nor-
mal weight, 56% of those with overweight and 
83.3% of those with obesity had fatty liver 
(p<0.001) (Table 1). The relative frequency of 
fatty liver disease was significantly higher in 
males (68.8%) than in females (38.6%) (p=0.01). 

The results showed that the average liver en-
zyme AST was not significantly different in the 
individuals of the three groups (p=0.54), but the 
average enzyme ALT was significantly different 
in at least two of the three groups (p=0.02). The 
result of Tukey's post hoc test showed that the av-
erage enzyme ALT was significantly higher in 
those with obesity than in those with normal 
weight (p <0.5) (Table 2). 

The result of logistic regression test showed that 
the risk of fatty liver is averagely 5.67 times great-
er in males than in females (p=0.02), and it is on 

average 8.36 times higher in those with overweigh 
than in those with normal weight (p=0.02) and is 
15.62 times higher in those with obesity than in 
those with normal weight (p=0.007). However, no 
significant relationship was obtained between the 
risk of fatty liver disease and blood sugar, triglyc-
erides, HDL, age, and the liver enzymes AST and 
ALT (p>0.05) (Table 3). 

 
Discussion 
The findings of this study showed that with the 

increases in BMI, the relative frequency of occur-
rence of fatty liver increased significantly so that 
18.5% of the individuals with normal weight, 56% 
of the individuals with overweight, and 83.3% of 
the individuals with obese subjects had fatty liver 
(p< 0.001) 

In the study by Shiasi Arani and colleagues, the 
prevalence of fatty liver disease was reported in 
obese children and adolescents in the age group of 
4-18 years to be 53.3% (7), and in the study by 
Adibi and colleagues it was reported to be 54.4% 
in obese children (8). The results of a study by 
Poorshams and colleagues on blood donors in 
Tehran showed that 98% of the patients with fatty 
liver were overweight and 56.5% were obese (17). 
In a study by Chan and colleague on 84 Chinese 
obese children, the evidence of fatty liver based on 
the results of the ultrasound was showed to be 
77% (6). 

In the present study, the prevalence of fatty liv-

Table1. Relative frequency of occurrence of fatty liver in the studied groups 
Fatty Liver No Yes  P value 
Groups number (percent) number (percent)  
Normal weight (81.5) 22 (18.5) 5 <0.001 
Overweight (44) 11 (56) 14  
Obese (16.7) 4 (83.3) 20  
 
Table2. Comparison of the liver enzymes AST and ALT in individuals from the three groups 
Variable Normal weight overweight Obese  P value 
 Mean ± standard 

deviation 
mean ± standard 
deviation 

mean ± standard 
deviation 

 

AST 25.30±15.11 22.20±4.98 24.96±9.21 0.54 
ALT 16.74±13.49 17.60±6.98 24.96±11.65 0.02 
 
Table 3. Risk factors of the occurrence of fatty liver disease in the studied individuals 
Variable  OR (CI 95%) Level of significance 
gender Female 1  
 Male 5.67 (1.29-24.95) 0.02 
Body Mass Index Normal 1  
 Overweight 8.36 (1.43-48.75) 0.02 
 obesity 15.62 (2.11-115.51) 0.007 
 Abnormal 1.20 (0.11-12.73) 0.88 
Age  1.13 (0.80-1.13) 0.99 
AST  1.01 (0.89-1.13) 0.99 
ALT  1.02 (0.91-1.14) 0.76 
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er disease in obese individuals was higher than 
that of the performed studies, and probably the 
differences reported in various studies on the fre-
quency of liver disorder in children with over-
weight and obesity are due to different diagnostic 
methods (18). 

The results of the present study showed that 
there is a significant relationship between sex and 
body mass index and the prevalence of fatty liver 
in the studied subjects, but no  significant relation-
ship was found between age and liver enzymes 
AST and ALT and the occurrence of fatty liver 
disease (p>0.05). 

The results of various studies have shown that 
there is a significant relationship between body 
mass index and fatty liver (5-7), which is con-
sistent with the results of this study. 

In a study by Dehghan and colleagues on pa-
tients from 20-55 years of age, people with a body 
mass index over 25 had a 30 times higher chance 
of developing fatty liver than those with a BMI 
less than 25. Moreover, 95.6% of the patients with 
fatty liver had a BMI over 25, while this amount 
was 41.3% for the group without fatty liver (p 
<0.001) (19). 

According to the results of this study and the re-
sults of other studies, high BMI is considered to be 
one of the independent predicting factors of the 
occurrence of fatty liver disease (20). 

In obese individuals, fat tissue becomes insensi-
tive to insulin action. As a result, higher decompo-
sition of triglycerides and overabundance of circu-
lating free fatty acids lead to the development of 
insulin resistance (21). Insulin resistance itself 
plays a role in the emergence and development of 
fatty liver disease. So that with altering the lipid 
metabolism, it increases lipolysis in peripheral 
tissues, increases hepatic triglycerides, and in-
creases the harvest of free fatty acids in the liver, 
all of which can contribute to accumulation of tri-
glyceride in liver cells (22). 

In this study, the risk of fatty liver was signifi-
cantly higher in males than in females, which is 
consistent with the results of the studies by 
Schwimmer and colleagues (23) and Tominaga et 
al (24), but in studies by Fu and colleagues (25) 
and Adibi et al (8) the occurrence of fatty liver in 
males and females did not differ significantly. 

 
 
Conclusion 
There was a strong relationship between 

NAFLD and the abnormal body mass  in children. 
It will be very useful if obese  children to screen 
for susceptible to NAFLD. Due to the increased 

incidence of obesity and increased prevalence of 
fatty liver in Iran and across the world, it is neces-
sary that some programs be implemented to modi-
fy the people’s lifestyles and food, and that some 
studies be designed to reduce children’s weights 
and treat fatty liver disease. Limitation of this 
study is the cross sectional nature of the data, and 
Small sample size. It is recommended to evaluate 
also other risk factors. 

 
Acknowledgments 
Hereby, the researchers thank all the children 

and parents who participated in the present pro-
ject. The present study was registered under the 
proposal number 666 approved by research office 
of Birjand University of Medical Sciences 
(BUMS), Birjand, Iran 

 
Conflicts of interest: None declared. 
  
 
References 

1.  Vajro P, Lenta S, Socha P, Dhawan A, McKiernan P, 
Baumann U, et al. Diagnosis of nonalcoholic fatty liv-
er disease in children and adolescents: position paper 
of the ESPGHAN Hepatology Committee. J Pediatr 
Gastroenterol Nutr 2012;54(5):700-13. 

2. Sadeghian M, Torabi A. Nonalcoholic Fatty Liver Dis-
ease Treatment. Int J Pediatr. 2014:2(2):63-63. 

3. Nematy M, Khayyatzadeh Manshadi SS. Healthy Diet 
for Fatty Liver in Children. Int J Pediatr. 2014;2(1-
2):18-18. 

4. Papandreou D, Karabouta Z, Pantoleon A, Rousso I. 
Investigation of anthropometric, biochemical and die-
tary parameters of obese children with and without 
non-alcoholic fatty liver disease. Appetite 
2012;59(3):939-44. 

5. Sartorio A, Del Col A, Agosti F, Bellentani S, Tiribelli 
C, Bedogni G. Predictors of non-alcoholic fatty liver 
disease in obese children. Eur J Clin Nutr. 
2007;61(7):877-83. 

6. Chan DF, Li AM, Chu WC, Chan MH, Wong EM, Liu 
EK, et al. Hepatic steatosis in obese Chinese children. 
Int J Obes relat Metab Disord. 2004;28(10):1257-63. 

7. Shiasi Arani K, Haghshenas M, Talari HR,  Akbari H, 
Hami K, Taghavi Ardekani A, et al. Prevalence of Fat-
ty Liver Disease in Obese Children and Adolescents 
Who Referred to Pediatric Clinic of Kashan University 
of Medical Sciences, Iran (2012-2013). J Babol Univ 
Med Sci; 2013; 15(5): 77-83. [Persian] 

8. Adibi A, Kelishadi R, Beihaghi A, Salehi HR, Talaei 
M. Prevalence of sonographic fatty liver in overweight 
and obese children: A cross sectional study in Isfahan. 
J Shahid Sadoughi Univ Med Sci Health Serv 
2009;17(4):270-8. [Persian] 

9. Schwimmer JB, Pardee PE, Lavine JE Blumkin AK, 
Cook S. Cardiovascular risk factors and the metabolic 
syndrome in pediatric nonalcoholic fatty liver disease. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ca
.iu

m
s.

ac
.ir

 o
n 

20
25

-1
2-

29
 ]

 

                               4 / 5

https://ijca.iums.ac.ir/article-1-77-en.html


 
 NFLD and obesity in children 

20 
 
IJCA, Vol. 2, No. 3, Jul, 2016.16-20. 

Circulation 2008;118:277-83. 
 10. Kelishadi R, Cook SR, Adibi A, Faghihimani Z, 

Ghatrehsamani S, Beihaghi A. Association of the 
components of the metabolic syndrome with nonalco-
holic fatty liver disease among normal-weight, over-
weight and obese children and adolescents. Diabetol 
Metab Syndr. 2009;1:29. 

11. Khadaee Gh, Saeidi M. Increases of Obesity and 
Overweight in Children: an Alarm 
for Parents and Policymakers. Int J Pediatr. 2016; 
4(4):1591-1601. 

12. Ghane M, Aghayari A, Babai Mazreno A. Body Fat 
Percentage in Active and Inactive Students Using An-
thropometric Parameters. Int J Pediatr 2014; 2(4): 391-
398 

13. Taheri F, Chahkand T, Kazemi T, Bijari B. Percentile 
of Serum Lipid Profile in Children at Eastern Iran. Int 
J Pediatr 2014; 2(4): 31-38. 

14. Zardast M, Namakin K, Chahkandi T, Taheri F, 
Kazemi T, Bijari B. Prevalence of metabolic syndrome 
in elementary school children in East of Iran. J Cardio-
vasc Thorac Res 2015;7(4):158-163. 

15. Taheri F, Namakin K, Zardast M, Chakandi T, Kazemi 
T, Bijari B. Cardiovascular Risk Factors: A study on 
the prevalence of MS among11-18 year old school 
children in East of Iran, 2012. Nutr Food Sci Res J. 
2015:2,(1),28-34. 

16. Plourde G. Preventing and managing pediatric obesity. 
Can Fam Physician 2006;52(3):322-8. 

17. Pour shams A, Malekzadeh A, Monavvari A. Preva-
lence and etiology of persistentlyelevated alanine ami-
notransterase levels in healthy Iranian blood donors. J 

Gastroenterol Hepatol.2005;20:229-33. 
18. Kaur S, Kapil U, Singh P. Pattern of chronic diseases 

among adolescent obese children in developing coun-
tries. Curr Sci 2005; 88(7): 1052-6. 

19. Dehghan P, Miwechi M, Izadi E, Mohammadi F, 
Sohrabi MR. Comparison of Physical Activity and 
Body Mass Index in Patients with and without Non-
Alcoholic Fatty Liver Disease. Community Health 
2015; 1(2): 81-8.[Persian] 

20.Khoshbaten M, Fatahi E, Soomi MH, Tarzmani MK, 
Farhang S, Majidi G, Fatahi V. Clinico-Biochemical 
comparison of patients with nonalcoholic fatty liver 
disease and healthy population. Tabibe Shargh. 
2009;11(1):13 -21.[Persian] 

21. Eckel RH, Grundy SM, Zimmet PZ. The metabolic 
syndrome. Lancet. 2005;365(9468):1415–28. 

22. Angulo P. Nonalcoholic fatty liver disease. N Engl J 
Med. 2002; 346(16): 1221-31. 

23. Schwimmer JB, Middleton MS, Deutsch R, Lavine JE. 
A phase 2 clinical trial of metformin as a treatment for 
non-diabetic paediatric non-alcoholic steatohepatitis. 
Aliment Pharmacol Ther. 2005;21(7):871-9. 

24- Tominaga K, Fujimoto E, Suzuki K, Hayashi M, 
Ichikawa M, Inaba Y. Prevalence of non-alcoholic fat-
ty liver disease in children and relationship to metabol-
ic syndrome, insulin resistance, and waist circumfer-
ence. Environ Health Prev Med. 2009;14(2):142-9. 

25- Fu CC, Chen MC, Li YM, Liu TT, Wang LY. The 
risk factors for ultrasound-diagnosed non-alcoholic fat-
ty liver disease among adolescents. Ann Acad Med 
Singapore. 2009;38(1):15-7. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ca
.iu

m
s.

ac
.ir

 o
n 

20
25

-1
2-

29
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

https://ijca.iums.ac.ir/article-1-77-en.html
http://www.tcpdf.org

