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Background & objectives: Non-alcoholic fatty liver disease (NAFLD) characterized by excessive 
accumulation of fat in the liver, which can progress to inflammation, and cirrhosis, has emerged as an 
important complication of obesity in adults as well as children. This study was undertaken to assess the 
prevalence of NAFLD and its correlation with clinical and biochemical parameters in overweight Indian 
adolescents.
Methods: In this cross-sectional study, 218 overweight adolescents aged 10 to 16 yr and their parents 
were included. Measurements included anthropometry, ultrasonography to diagnose NAFLD, fasting 
glucose, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and lipids for adolescents 
and parents, and additional parameters of blood pressure, body fat percentage (BF%), fasting 
insulin, apolipoprotein C3, tumour necrosis factor-α and adiponectin for adolescents. The variables 
were compared between adolescents with and without NAFLD, and logistic regression analysis was 
performed.
Results: Mean age and body mass index (BMI)SD score (SDS) were 11.9±1.6 yr and 2.3±1.1, respectively. 
NAFLD was seen in 62.5 per cent of the adolescents. The prevalence of NAFLD in the parents was 
similar among the adolescents with and without NAFLD, while BMI and waist circumference SDS, 
BF per cent, blood pressure (BP), ALT, AST, insulin and homeostatic model assessment of insulin 
resistance (HOMA-IR) were significantly higher in the adolescents with NAFLD. On multiple logistic 
regression, abdominal obesity, HOMA-IR and BF per cent were independently associated with 
NAFLD with odds ratios (95% confidence interval) of 2.77 (1.40-5.47), 2.21 (1.16-4.21) and 2.17 (1.12-
4.22), respectively.
Interpretation & conclusions: NAFLD was noted among nearly two-thirds of the overweight adolescents. 
An independent association was observed between abdominal obesity, HOMA-IR and body fat percentage 
and NAFLD in overweight adolescents.
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The developing world while still struggling to 
devise ways and means of reducing the burden of 
childhood undernutrition has been thrown unprepared 
into the midst of the epidemic of childhood obesity. Up 
to 18 per cent of urban children and adolescents in the 
Indian subcontinent are overweight or obese1. Previous 
studies in overweight and obese Indian adolescents have 
documented a high prevalence of insulin resistance, 
hypertension and metabolic syndrome2,3.

Non-alcoholic fatty liver disease (NAFLD), 
characterized by the accumulation of fat in the liver 
without a history of alcoholism or known liver 
pathology, has emerged as an important health 
problem in India, with an overall prevalence of 9-32 
per cent among adults, being higher in those who are 
overweight and/or diabetic4. The spectrum of NAFLD 
ranges from simple steatosis through steatohepatitis 
to advanced fibrosis and cirrhosis4. With an estimated 
mean prevalence in the general paediatric population 
of 7.6 per cent and in obese children of 34.2 per cent5, 
NAFLD is considered the most common cause of 
liver disease in paediatric population in the developed 
world5. Children with NAFLD have a high prevalence 
of concomitant metabolic syndrome, increased risk 
for developing type 2 diabetes, and progression to 
end-stage liver disease5. There is, however, a scarcity 
of data regarding the prevalence and determinants 
of susceptibility to NAFLD in paediatric age group 
in India. Recently, a study in 100 overweight/ obese 
adolescents from a Mumbai school reported NAFLD 
in 62 per cent6.

We undertook the present study to assess the 
prevalence of NAFLD and gain an insight into the 
clinical and biochemical parameters, such as age, 
gender, pubertal status, body mass index (BMI), 
central adiposity, body fat per cent, serum insulin, 
transaminases, lipid profile, adiponectin and tumour 
necrosis factor (TNF)-α; and the prevalence of obesity 
and fatty liver in parents, that may be associated with a 
higher risk of NAFLD in overweight/obese adolescents.

Material & Methods

This cross-sectional study was undertaken at 
the department of Paediatrics, All India Institute 
of Medical Sciences, New Delhi, India, between 
November 2012 and October 2015. The study was 
approved by the Institutional Ethics Committee. There 
were no data on the prevalence of NAFLD in Indian 
overweight adolescents when we commenced the 
study. In overweight adolescents from other countries, 

the prevalence ranged from 30-50 per cent7-9. A 
sample size of 196 was estimated taking prevalence as 
50 per cent, with 95 per cent level of confidence and 
absolute precision of seven per cent. Adolescents aged 
10-16 yr with BMI >85th percentile10 who presented 
to the paediatric OPD during the first two years of the 
study were approached. Those with obesity caused 
by endocrine or genetic disorders, and those with 
previously diagnosed diabetes mellitus or chronic liver 
disease were excluded. Both parents of all the enrolled 
adolescents were also invited to participate. Written 
informed consent from parents and assent from the 
adolescents were taken.

General information, anthropometry and body 
composition: Socio-economic status (assessed by 
modified Kuppuswamy scale) and demographic 
information, dietary intake, physical activity and 
family history of obesity, diabetes or liver disease were 
recorded. Blood pressure (BP) was measured using 
an automated BP instrument (Omron HEM-7203, 
Kyoto, Japan). Weight and height were measured to 
the nearest 0.1 kg and 0.5 cm, respectively and BMI 
calculated. Waist (WC) and hip circumferences (HC) 
were measured using non-stretchable tape according 
to WHO guidelines11, and waist to HC ratio (WHR) 
was calculated. Skinfold thickness was measured at 
biceps, triceps, mid-thigh, subscapular and supra-iliac 
regions using Holtain’s skinfold calipers (Holtain Ltd, 
Crymych, UK). The anthropometric measurements 
were converted to standard deviation scores (SDS) 
based on Indian reference data10,12. Tanner staging 
was done, and the adolescents were grouped into 
prepubertal, early pubertal (stage 2 and 3) and late 
pubertal (stage 4 and 5). Acanthosis nigricans over the 
neck was classified as absent, mild (if visible on close 
visual inspection and limited to the base of skull), and 
moderate-to-severe (if extending to lateral margins of 
the neck or further anteriorly)13. Body fat percentage 
was measured using bioelectrical impedance analysis 
(Maltron BF-907, Essex, UK).

Biochemistry: Fasting venous sample (5 ml) was 
obtained after a 12 h overnight fast for estimation 
of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), glucose, insulin, triglycerides 
(TG), total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL), apolipoprotein C3, TNF-α and 
adiponectin levels. Modified oral glucose tolerance test 
was done by administering oral glucose at 1.75 g/kg 
(maximum 75 g) and taking a repeat blood sample after 
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two hours. ALT, AST and glucose were estimated by 
Roche automated clinical analyzer; TG, TC and HDL 
by Randox kits (Randox Ltd, Antrim, United Kingdom), 
and Insulin by electrochemiluminescence (Roche 
Cobas e411, Roche Diagnostics Germany GmbH). 
Commercial enzyme-linked immunosorbent assay kits 
were used to measure TNF-α (Diaclone, Besancon 
Cedex, France), apolipoprotein C3 (Assaypro St. 
Charles, USA), and adiponectin (R&D, Minneapolis, 
USA). Homeostatic model assessment of insulin 
resistance (HOMA-IR) was calculated as fasting insulin 
(µU/ml) × fasting glucose (mmol/l)/22.5. Low-density 
lipoprotein cholesterol (LDL) was calculated using 
Friedewald’s equation14.

Diagnosis of non-alcoholic fatty liver disease (NAFLD): 
The diagnosis of NAFLD was based on ultrasonography 
(USG), performed using curvilinear probe (2-5 Hz) of 
Acuson S2000 (Siemens, Germany). Fatty liver was 
diagnosed and graded as mild, moderate and severe 
based on echogenicity, visualization of vasculature, 
parenchyma and diaphragm15. In adolescents with fatty 
liver, hepatitis B surface antigen (HBsAg) and anti-
hepatitis C virus (HCV) antibodies were assayed using 
electrochemiluminescence (Roche Cobas e411, Roche 
Diagnostics Germany GmbH).

Parents’ data: Parents’ age was recorded, and height 
and weight measured. Fasting venous samples were 
collected for ALT, AST, lipid profile and glucose; USG 
was performed to diagnose and grade fatty liver.

Definitions: WC was considered high if >90th percentile 
for Indian adolescents12, or more than the adult cut-
offs of 90 and 80 cm for Asian males and females, 
respectively16. WHR was considered to be high if 
>0.95 for boys and >0.85 for girls17. Hypertension was 
diagnosed at systolic BP ≥130 mmHg and /or diastolic 
BP ≥85 mmHg18. Elevated ALT was defined as >26 U/l 
for boys and >23 U/l for girls19. Parents were considered 
overweight and obese at BMI ≥23 and ≥25 kg/m2, 
respectively20. Fasting and two hours blood glucose 
were considered elevated if ≥100 and 140 mg/dl, 
respectively21, and HOMA-IR was considered high if 
>2.522. TG was considered high if ≥150 mg/dl; HDL 
was considered low if < 40mg/dl in adolescents of either 
gender, and fathers, and <50 mg/dl in mothers16,18. TC 
and LDL cholesterol were considered elevated if >200 
and 130 mg/dl, respectively23. Metabolic syndrome 
in adolescents was diagnosed using the International 
Diabetes Federation criteria18.

Statistical analysis: Data were analyzed by Stata 
11.2 (Stata Corp 4905 College Station, Texas 47845 
USA) and presented as mean±SD, median (range) or 
frequency (percentage). Parameters of the adolescents 
with and without NAFLD were compared using 
Chi-square test or Fisher’s exact test for categorical 
variables, one-way ANOVA or independent t test for 
continuous variables following normal distribution, 
and Kruskal-Wallis or Wilcoxon rank sum test for 
parameters following non-normal distribution. 
Receiver operating characteristic (ROC) curves were 
generated to identify the cut-offs for various parameters 
for association with NAFLD. Univariate and step-wise 
multivariate logistic regression was used to calculate 
unadjusted and adjusted odds ratios after assessing 
multicollinearity and mediators among the variables. 

Results

Clinical, demographic and anthropometric parameters 
of the adolescents: A total of 218 adolescents and 
their parents were included in the study. Mean age 
of the adolescents was 11.9±1.6 yr. Mean BMI SDS 
was 2.3±1.1; 52 (23.9%) were overweight, and 166 
(76.2%) were obese. Acanthosis nigricans was present 
in 88 per cent, abdominal obesity in 66 per cent and 
hypertension in 22.9 per cent (Table I).

Radiological and biochemical profile of the adolescents: 
NAFLD was present in 130 (62.5%) of the adolescents 
[95% confidence interval (CI) 56.2-69.4%], and serum 
ALT was elevated in 78 per cent. Among the other 
metabolic derangements, elevated HOMA-IR and low 
HDL were the commonest, noted in 65.6 and 58.8 per 
cent, respectively. Metabolic syndrome was present in 
26.4 per cent (Table II). None of the adolescents with 
fatty liver or elevated ALT had positive HBsAg or 
anti-HCV antibody test. 

Clinical, radiological and biochemical parameters 
in the parents: Overweight/obesity was present in 
90.6 per cent of the fathers and 90.5 per cent of the 
mothers. Diabetes was present in 8.5 and 6.4 per cent 
of fathers and mothers, respectively. Fatty liver was 
observed in 72.7 and 60.6 per cent of the fathers and 
mothers, respectively (Table III). Moderate and severe 
fatty liver was commoner among fathers compared 
to mothers. The most common dyslipidemia was low 
HDL.

Comparison among adolescents with and without 
NAFLD: The comparison of the clinical and biochemical 
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Table I. Clinical, demographic and anthropometric 
parameters of the adolescent study participants (n=218)
Parameter Mean±SD or n (%)
Age (yr) 11.9±1.6
Gender, male/female 151 (69)/67 (31)
State

Delhi 114 (52.3)
Uttar Pradesh 55 (25.2)
Haryana 27 (12.4)
Others 22 (10.1)

Urban/rural 181 (83)/37 (17)
Socio‑economic status

Upper 33 (15.1)
Upper middle 92 (42.2)
Lower middle 74 (34.0)
Upper lower/lower 19 (8.7)

Height SDS ‑0.4±1.1
Pre‑pubertal/early pubertal/late 
pubertal†

52 (25)/115 (54)/45 (21)

Acanthosis nigricans over neck
Absent/mild/moderate or severe† 24 (12)/60 (30)/116 (58)
BMI (kg/m2) 
BMI SDS

27.3±4.3 
2.3±1.1

Waist circumference (cm) 
Abdominal adiposity# 
Waist circumference SDS

87.7±11.0 
140 (66.0) 

1.6±1.3
Waist hip ratio 
Boys with WHR >0.95 
Girls with WHR >0.85

0.94±0.06 
84 (55.6) 
56 (83.6)

Systolic BP (mm Hg) 
Systolic BP ≥130 mm Hg

120±10 
32 (14.7)

Diastolic BP (mm Hg) 
Diastolic BP ≥85 mmHg

75±9 
33 (15.1)

Hypertension 50 (22.9)
Body fat percentage 38.0±5.2
Biceps SDS 4.5±1.3
Triceps SDS 3.1±1.0
Subscapular SDS 2.6±1.1
Sum of skinfolds (biceps, triceps, 
subscapular, suprailiac, thigh) 
(mm)

135±23

Ratio of central (subscapular + 
suprailiac) to peripheral (biceps + 
thigh) skinfolds

0.9±0.1

#WC >90th percentile for age and gender, or >90 cm in boys 
or >80 cm in girls; †data from few participants were not 
available. 
SD, standard deviation; SDS, standard deviation score;  
BMI, body mass index; BP, blood pressure

Table II. Radiological and biochemical parameters of the 
adolescents
Parameter n Mean±SD or n (%)
Fatty liver on USG

Absent 208 78 (37.5)
Mild 84 (40.4)
Moderate 39 (18.8)
Severe 7 (3.3)

ALT (U/l) 
Elevated ALT (>26 U/l in 
boys, >23 U/l in girls)

218 43.7±29.8 
170 (78)

AST (U/l) 218 37.2±17.6
AST: ALT ratio 218 1.0±0.3
Fasting glucose (mg/dl) 
Fasting glucose ≥100 and 
<126 mg/dl

216 84.3±11.2 
20 (9.3)

2 h glucose (mg/dl) 
2 h glucose ≥140 mg/dl

211 107.6±16.9 
0

Fasting insulin (µU/ml) 
Fasting insulin ≥20 µU/ml

214 18.0±10.4 
69 (31.6)

HOMA‑IR 
HOMA‑IR >2.5

212 3.7±2.1 
139 (65.6)

Triglyceride (mg/dl) 
Triglyceride >150 mg/dl

212 124.6±59.2 
52 (24.5)

Total cholesterol (mg/dl) 
Total cholesterol ≥200 mg/dl

213 162.7±33.6 
25 (11.7)

HDL cholesterol (mg/dl) 
HDL cholesterol <40 mg/dl

209 38.3±11.3 
123 (58.8)

LDL cholesterol (mg/dl) 
LDL cholesterol >130 mg/dl

211 100.1±33.6 
35 (16.6)

TNF‑α (pg/ml)# 205 15.9 (7.6‑37.4)
Apolipoprotein C3 (mg/dl)# 212 7.6 (4.1‑10.9)
Adiponectin (µg/ml)# 209 4.7 (3.2‑7.1)
Metabolic syndrome by IDF 
criteria

208 55 (26.4)

#Median (IQR). HOMA‑IR, homeostatic model assessment 
of insulin resistance; TNF‑α, tumour necrosis factor α; HDL, 
high‑density lipoprotein; LDL, low‑density lipoprotein; IQR, 
interquartile range; USG, ultrasonography; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; IDF, 
International Diabetes Federation

parameters in the adolescents with and without fatty 
liver is presented in Table IV. Age, distribution of gender 
and pubertal status and socio-demographic profile were 
similar in the two groups. BMI SDS, WC SDS, WHR, 
BP, FM per cent, ALT, AST, fasting insulin, HOMA-IR 
and prevalence of acanthosis nigricans were higher in 
the adolescents with NAFLD compared to those without 
NAFLD. Parents’ mean BMI as well as the proportion 



	 JAIN et al: NAFLD IN OVERWEIGHT ADOLESCENTS	 295

Table III. Clinical, radiological and biochemical parameters of the parents
Parameter Fathers Mothers

n Mean±SD or n (%) n Mean±SD or n (%)
Age (yr) 212 41.0±4.6 216 37.3±3.9
BMI (kg/m2) 201 28.7±5.21 200 29.6±5.2
Fatty liver on USG

Absent 183 50 (27.3) 197 78 (39.6)
Mild 43 (23.5) 78 (39.6)
Moderate 69 (37.7) 31 (15.7)
Severe 21 (11.5) 10 (5.1)

ALT (U/l) 171 47.1±28.5 180 29.0±13.9
AST (U/l) 171 37.1±17.0 180 28.8±10.4
Fasting glucose (mg/dl) 
≥100 and <126 mg/dl 
≥126 mg/dl

129 99.5±39.8 
28 (21.7) 
11 (8.5)

140 96.1±39.8 
16 (11.4) 
9 (6.4)

Triglyceride (mg/dl) 
>150 mg/dl

167 142.0±69.2 
65 (38.9)

181 126.8±74.6 
52 (29.1)

Total cholesterol (mg/dl) 
≥200 mg/dl

167 176.0±42.4 
49 (29.3)

179 172.3±39.3 
46 (25.4)

HDL cholesterol (mg/dl)
<40 mg/dl in men 
<50 mg/dl in women

166 37.3±14.8 
113 (68.1)

182 41.2±16.1 
143 (78.5)

LDL cholesterol (mg/dl) 
>130 mg/dl

167 112.7±40.6 
50 (29.9)

178 107.5±35.8 
45 (25.3)

BMI, body mass index; USG, ultrasonography; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglyceride; 
TC, total cholesterol; HDL, high‑density lipoprotein; LDL, low‑density lipoprotein

of parents who had fatty liver was similar in both the 
groups.

The anthropometric and biochemical parameters 
were further compared between the adolescents 
without NAFLD (n=130), with mild NAFLD (n=84) 
and with moderate or severe NAFLD (n=46). The 
parameters that were significantly different among 
the adolescents in these three groups are presented in 
Table V. A clear gradation of BMI, WC, acanthosis 
nigricans, ALT, AST, fasting insulin and HOMA-IR 
was observed across the three groups, elucidating 
further the association between severity of obesity, 
insulin resistance and NAFLD. Subscapular skinfold 
thickness, a measure of central adiposity was higher 
and HDL significantly lower among the adolescents 
with moderate or severe NAFLD as compared to 
those with mild NAFLD. Mean serum adiponectin 
in adolescents with moderate or severe NAFLD 
(4.9±3.8 μg/ml) was lower compared to those without 
NAFLD (5.5±3.1 μg/ml, P=0.08).

Receiver operating characteristic (ROC) and 
regression analysis: ROC analysis was performed to 
obtain the cut-offs of anthropometric and biochemical 
parameters for predicting a higher risk for NAFLD. WC 
SDS had the highest discriminating ability, with area 
under the curve (AUC) of 0.73 (95% CI 0.66-0.80), and 
the cut-off being 1.4 sensitivity 70.1% and specificity 
70.6%). This was followed by ALT ≥33 U/l (AUC 
ROC 0.70; 95% CI 0.63-0.77, sensitivity 60.8% and 
specificity 66.2%); BMI SDS ≥2.2 (AUC ROC 0.70; 
95% CI 0.62-0.76, sensitivity 69% and specificity 
63.6%); insulin ≥15 μU/ml (AUC ROC 0.68; 95% 
CI 0.61-0.76, sensitivity 67.4%, specificity 64.9%), 
HOMA-IR ≥3.2 (AUC ROC 0.67; 95% CI 0.59-0.74, 
sensitivity 64% and specificity 64.5%) (Figure) and 
body fat per cent ≥37.7 (AUC ROC of 0.63; 95% CI 
0.55-0.71, sensitivity 63.6% and specificity 64.0%).

Association of various parameters with NAFLD 
was checked by univariate followed by multiple 
logistic regression analysis. Abdominal obesity, 
HOMA-IR and body fat percentage (BF%) emerged as 
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Table IV. Comparison of clinical and biochemical parameters in the adolescents with and without non‑alcoholic fatty liver 
disease (NAFLD)
Parameter Adolescents with NAFLD (n=130) 

Mean±SD or n (%)
Adolescents without NAFLD (n=78) 

Mean±SD or n (%)
P

Age (yr) 12.0±1.6 11.6±1.4 0.06
Gender male/female 91 (70)/39 (30) 51 (68.4)/27 (34.6) 0.29
Prepubertal/early pubertal/late 
pubertal†

30 (23.6)/73 (57.5)/24 (18.9) 21 (27.6)/35 (46.0)/20 (26.4) 0.59

Acanthosis nigricans 
Absent/mild/moderate‑to‑severe†

 
10 (8.0)/27 (21.8)/87 (70.2)

 
14 (18.2)/33 (44.2)/29 (37.7)

 
<0.001

BMI (kg/m2) 
BMI SDS

28.6±4.5 
2.6±1.1

25.7±3.2 
1.8±0.8

<0.001 
<0.001

Waist circumference (cm) 
Waist circumference SDS

91.1±10.7 
1.9±1.3

82.9±9.2 
1.0±0.9

<0.001 
<0.001

Waist-hip ratio 0.94±0.05 0.91±0.05 <0.01
Sum of skinfolds (mm) 135.4±24.9 133.7±18.9 0.43
Ratio of central to peripheral skinfolds 0.91±0.14 0.93±0.14 0.58
Systolic BP (mm Hg) 
Diastolic BP (mm Hg)

120.9±10.3 
76.4±9.2

117.9±9.7 
74.1±8.1

0.05 
0.07

Body fat % 39.0±4.8 37.0±5.3 0.006
ALT (U/l) 49.8±32.1 32.9±16.9 <0.001
AST (U/l) 40.6±20.5 31.7±10.0 <0.001
AST: ALT ratio 0.9±0.3 1.0±0.3 0.002
Fasting glucose (mg/dl) 83.7±12.4 84.7±9.5 0.54
2 h glucose (mg/dl) 108.7±18.9 105.6±12.8 0.20
Fasting insulin (µU/ml) 20.6±11.2 14.2±7.8 <0.001
HOMA‑IR 4.2±2.3 3.0±1.7 <0.001
Triglyceride (mg/dl) 126.5±56.0 124.2±65.5 0.79
LDL cholesterol (mg/dl) 99.7±31.4 98.9±36.9 0.87
Total cholesterol (mg/dl) 162.2±32.3 161.7±36.2 0.92
HDL cholesterol (mg/dl) 37.6±11.4 39.0±11.2 0.41
Apolipoprotein C3 (mg/dl)# 7.2 (4.6‑10.8) 7.8 (3.2‑11.1) 0.68
TNF‑α (pg/ml)# 16.2 (9.5‑36.6) 15.8 (6.8‑38.0) 0.69
Adiponectin (µg/ml)# 4.5 (2.9‑6.9) 4.9 (3.5‑7.1) 0.27
Metabolic syndrome 38 (29.2) 17 (21.7) 0.23
Fathers’ BMI (kg/m2) 29.3±5.7 28.0±4.3 0.11
Mothers’ BMI (kg/m2) 29.9±5.8 29.6±4.9 0.68
Fatty liver in fathers 
Absent/present

 
28 (25.4)/82 (74.5)

 
22 (30.1)/51 (69.9)

 
0.49

Fatty liver in mothers 
Absent/present

 
47 (39.5)/72 (60.5)

 
31 (39.7)/47 (60.3)

 
0.97

#Median (IQR); †data was not available for few participants. Statistical tests used: Independent t test for comparison of means, Chi‑square 
test for comparison of proportions. IQR, interquartile range; SDS, standard deviation score; BMI, body mass index; BP, blood pressure; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL, low‑density lipoprotein; HOMA‑IR, homeostatic model 
assessment of insulin resistance; TNF‑ α, tumour necrosis factor α; HDL, high‑density lipoprotein



	 JAIN et al: NAFLD IN OVERWEIGHT ADOLESCENTS	 297

significant independent variables that were associated 
with NAFLD (Table VI).

Discussion

A high prevalence of NAFLD (62.5%) was 
observed in the overweight/obese adolescents in our 
study. BMI, WC, BF per cent, insulin resistance and 
levels of ALT and AST were positively associated 
with a higher risk of NAFLD. The presence of obesity 
and/or fatty liver in parents was not associated with 
a higher prevalence of NAFLD in the adolescents. 
WC SDS ≥1.4, BMI SDS ≥2.2, ALT ≥33 U/l, insulin 
≥15 μU/ml and HOMA-IR ≥3.2 were identified as cut-
offs predictive of higher risk for NAFLD.

In previous studies in overweight children and 
adolescents, the prevalence of NAFLD has ranged 
from about 30 per cent in studies from Europe7 to about 
45-50 per cent in studies from China9 and Turkey8. 
In another study in Indian overweight adolescents, a 
similarly high prevalence has been reported6. Earlier 
studies have indicated an ethnic difference in the 
prevalence of NAFLD, with Hispanic adolescents 
being at the highest risk and Africans the least24. Our 

observations suggest a higher predilection for NAFLD 
in Asian Indian adolescents.

Asian Indians have a high prevalence of central 
adiposity and insulin resistance beginning at a young 
age, with clustering of cardiometabolic risk markers 
including high body fat percentage dyslipidaemia and 
fasting glucose2,25. The present study places NAFLD 
as a prominent member of the cluster of complications 
associated with central adiposity and insulin resistance 
in Indian adolescents. Considering that India is home 
to 243 million adolescents, more than 20 per cent of 
the world’s adolescent population26, up to 25 million 
of whom are overweight, this high prevalence of 
NAFLD has a huge potential implication for our health 
infrastructure and resources.

Among the fathers and mothers, majority of whom 
were overweight/obese, the prevalence of fatty liver 
was 72.3 and 60.4 per cent, respectively. This was 
similar to the prevalence of 72.3 per cent reported 
among overweight/obese adults from Chennai27. We 
did not find any difference in the prevalence of NAFLD 
in our study participants based on their age, pubertal 

Table V. Summary of clinical and biochemical parameters significantly different among the adolescents without non‑alcoholic fatty liver 
disease (NAFLD), with mild and moderate or severe NAFLD
Parameter Adolescents 

without NAFLDa 
(n=78) 

Mean±SD or n (%)

Adolescents with 
mild NAFLDb 

(n=84) 
Mean±SD or n (%)

Adolescents with 
moderate or severe 

NAFLDc (n=46) 
Mean±SD or n (%)

P
Overall a vs. b a vs. c b vs. c

BMI (kg/m2) 
BMI SDS

25.7±3.2 
1.9±0.8

28.6±4.5 
2.4±1.1

30.1±4.3 
2.9±1.2

<0.001 
<0.001

0.002 
0.004

<0.001 
<0.001

0.009 
0.014

WC (cm) 
WC SDS

82.9±9.2 
1.1±0.9

88.7±9.9 
1.8±1.4

95.7±9.9 
2.3±1.2

<0.001 
<0.001

0.001 
0.001

<0.001 
<0.001

<0.001 
0.042

Acanthosis nigricans 
Absent 
Mild 
Moderate‑severe*

 
14 (18.2) 
33 (44.2) 
29 (37.7)

 
7 (8.6) 

22 (27.2) 
52 (64.2)

 
3 (7.0) 
5 (11.6) 

35 (81.4)

<0.001

Subscskf (mm) 23.6±4.5 23.5±5.8 26.2±5.1 0.02 1.00 0.03 0.02
ALT (U/l) 32.9±16.9 41.4±24.8 65.0±38.2 0.001 0.01 <0.001 <0.001
AST (U/l) 31.7±10.0 35.2±12.3 50.3±27.9 0.001 0.52 <0.001 <0.001
AST: ALT ratio 1.0±0.2 1.0±0.3 0.8±0.3 0.001 0.05 <0.001 0.02
HDL (mg/dl) 38.9±11.3 39.4±11.2 34.2±11.3 0.04 1.00 0.08 0.04
Insulin (µU/ml)^ 14.2±7.8 19.4±10.4 22.7±12.3 0.001 0.001 <0.001 0.23
HOMA‑IR^ 3.0±1.7 4.1±2.4 4.4±2.1 0.001 0.002 0.001 0.4
^Statistical tests used: Fisher’s exact test for categorical variables, one‑way ANOVA with post hoc Bonferroni correction for continuous 
variables following normal distribution; Kruskal‑Wallis followed by multiple comparison using Dunn’s test for variables not 
following normal distribution. SDS, standard deviation score; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; WC, waist circumference; Subscskf, subscapular skinfold thickness; HOMA‑IR, homeostatic model assessment of 
insulin resistance; HDL, high‑density lipoprotein cholesterol
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Figure. Receiver operating characteristic (ROC) curves to identify the cut-offs for various parameters (A) Waist circumference standard 
deviation scores (WC SDS),  (B) body mass index standard deviation scores (BMI SDS), (C) alanine aminotransferase (ALT), (D) insulin, 
(E) homeostatic model assessment of insulin resistance (HOMA-IR) for association with non-alcoholic fatty liver disease.

C D

E

A B

stage or gender. Among parents, the prevalence, as 
well as the severity of NAFLD, was higher among 
fathers as compared to mothers. This is in agreement 

with previous literature suggesting that male gender 
is associated with a higher prevalence of NAFLD, 
while estradiol affords some protection in females28. 
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Our results indicated that in adolescents, both genders 
were at similar risk of NAFLD. Higher BMI and WC 
SDS were significantly associated with NAFLD in the 
present study, as reported in several earlier studies7,8. 
Presence and severity of acanthosis nigricans were also 
observed to be significantly higher in the adolescents 
with NAFLD compared to those without, thus 
indicating its usefulness as a clinical risk marker for 
complications of obesity.

In the present study, fasting and two hours 
glucose, triglyceride, total and LDL cholesterol and 
apolipoprotein C3 were similar in the adolescents 
with and without NAFLD. HDL cholesterol was 
lower in the adolescents with moderate or severe 

NAFLD compared to those with mild NAFLD. In 
a previous study on paediatric population, higher 
levels of LDL-C, TG, TC and apolipoprotein C329 
have been found to be independent predictors of 
NAFLD. Cytokines and inflammatory mediators 
are considered important in the pathogenesis and 
progression of NAFLD30. Adiponectin has insulin-
sensitizing effects and has been reported to be lower 
in obese children and adults with NAFLD compared 
to those without NAFLD30. In the present study, 
adiponectin was lower among the children with 
moderate or severe NAFLD as compared to those 
with mild or no NAFLD, but no such difference was 
noted for TNF-α.

Table VI. Association of various parameters with non‑alcoholic fatty liver disease (NAFLD) by logistic regression analysis
Parameter Adolescents with 

NAFLD, n (%)
Adolescents without 

NAFLD, n (%)
Unadjusted OR 

(95% CI)
P Adjusted OR* 

(95% CI)
P

BMI SDS
<2.2 40 (31.0) 50 (64.19 1 

3.97 (2.19‑7.20)
<0.001

≥2.2 89 (69.0) 28 (35.9)
Abdominal obesity#

Absent 28 (22.0) 38 (50.0) 1 
3.54 (1.91‑6.54)

0.001 1 
2.77 (1.40‑5.47)

0.003
Present 99 (78.0) 38 (50.0)

Acanthosis nigricans
Absent or mild 37 (29.8) 47 (61.8) 1 

3.89 (2.14‑7.09)
 

<0.001Moderate or severe 87 (70.2) 29 (38.2)
Body fat %

<37.7 44 (36.3) 49 (64.5) 1 
3.18 (1.75‑5.76)

0.001 1 
2.17 (1.12‑4.22)

0.022
≥37.7 77 (63.7) 27 (35.5)

Insulin (µU/ml)
<15 44 (34.1) 50 (64.9) 1 

3.58 (1.98‑6.47)
<0.001

≥15 85 (65.9) 27 (35.1)
HOMA‑IR

<3.2 46 (35.9) 49 (64.5) 1 
3.23 (1.79‑5.85)

0.001 1 
2.21 (1.16‑4.21)

0.016
≥3.2 82 (64.1) 27 (35.5)

ALT (U/l)
<33 51 (39.2) 52 (66.7) 1 

3.10 (1.72‑5.58)
0.001

≥33 79 (60.8) 26 (33.3)
AST: ALT

≥1 48 (36.9) 42 (53.8) 1 
1.99 (1.13‑3.53)

0.020
<1 82 (63.1) 36 (46.2)

#WC >90th percentile for age and gender, or >90 cm in boys or >80 cm in girls. *Adjusted OR presented for variables that were significant 
on multivariate analysis. Statistical tests used: Univariate and step‑wise multivariate logistic regression after assessing multicollinearity 
and mediators among the variables. OR, odds ratio; SDS, standard deviation score; BMI, body mass index; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; HOMA‑IR, homeostatic model assessment of insulin resistance; CI, confidence interval; WC, waist 
circumference
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The strength of the present study was that a 
reasonably large number of adolescents and both their 
parents were evaluated clinically, biochemically and 
by USG. The limitations were that the prevalence of 
NAFLD was not assessed in lean adolescent controls, 
and the diagnosis of NAFLD was not confirmed by 
more robust methods such as magnetic resonance 
imaging (MRI) or histology.

In conclusion, our results showed NAFLD in 
nearly two-thirds of the overweight adolescents. The 
clinical and biochemical parameters associated with 
higher risk for NAFLD were higher BMI and WC, 
the presence of acanthosis nigricans, and elevated 
ALT and HOMA-IR. Screening for NAFLD should 
be incorporated in the evaluation of all overweight 
adolescents, especially if one or more of the risk 
markers are present.

Acknowledgment: Authors acknowledge the help from Shri 
Brijesh Kumar in performing the ECLIA based laboratory assays, 
and Ms. Shruti Adhikari in enrolment of participants. 

Financial support & sponsorship: This study was funded 
by Indian Council of Medical Research, New Delhi (Ref. No. 
5/4/3-1/TF/2012/NCD-II).

Conflicts of Interest: None.

References
1.	 Hoque ME, Doi SA, Mannan M, Long K, Niessen LW, 

Mamun AA, et al. Prevalence of overweight and obesity 
among children and adolescents of the Indian subcontinent: A 
meta-analysis. Nutr Rev 2014; 72 : 541-50.

2.	 Misra A, Shrivastava U. Obesity and Dyslipidemia in South 
Asians. Nutrients 2013; 5 : 2708-33.

3.	 Singh R, Bhansali A, Sialy R, Aggarwal A. Prevalence of 
metabolic syndrome in adolescents from a North Indian 
population. Diabet Med 2007; 24 : 195-9.

4.	 Duseja A. Nonalcoholic fatty liver disease in India - A lot 
done, yet more required! Indian J Gastroenterol 2010; 29 : 
217-25.

5.	 Anderson EL, Howe LD, Jones HE, Higgins JP, Lawlor DA, 
Fraser A. The prevalence of non-alcoholic fatty liver disease 
in children and adolescents: a systematic review and meta-
analysis. PLoS One 2015; 10 : e0140908. 

6.	 Pawar SV, Zanwar VG, Choksey AS, Mohite AR, Jain SS, 
Surude RG, et al. Most overweight and obese Indian children 
have nonalcoholic fatty liver disease. Ann Hepatol 2016; 15 : 
853-61.

7.	 Kaltenbach TE, Graeter T, Oeztuerk S, Holzner D, Kratzer W, 
Wabitsch M, et al. Thyroid dysfunction and hepatic steatosis 
in overweight children and adolescents. Pediatr Obes 2017; 
12 : 67-74.

8.	 Boyraz M, Hatipoğlu N, Sarı E, Akçay A, Taşkın N, Ulucan K, 
et al. Non-alcoholic fatty liver disease in obese children and 
the relationship between metabolic syndrome criteria. Obes 
Res Clin Pract 2014; 8 : e356-63.

9.	 Zhou X, Hou DQ, Duan JL, Sun Y, Cheng H, Zhao XY, et al. 
Prevalence of nonalcoholic fatty liver disease and metabolic 
abnormalities in 387 obese children and adolescents in 
Beijing, China. Zhonghua Liu Xing Bing Xue Za Zhi 2013; 34 
: 446-50.

10.	 Agarwal KN, Saxena A, Bansal AK, Agarwal DK. Physical 
growth assessment in adolescence. Indian Pediatr 2001; 38 : 
1217-35.

11.	 World Health Organization. WHO STEPS surveillance 
manual: The WHO STEPwise approach to chronic disease 
risk factor surveillance. Geneva: World Health Organization; 
2005.

12.	 Khadilkar A, Ekbote V, Chiplonkar S, Khadilkar V, Kajale N, 
Kulkarni S, et al. Waist circumference percentiles in 2-18 year 
old Indian children. J Pediatr 2014; 164 : 1358-62.

13.	 Burke JP, Hale DE, Hazuda HP, Stern MP. A quantitative scale 
of Acanthosis Nigricans. Diabetes Care 1999; 22 : 1655-9.

14.	 Friedewald WT, Levy RI, Fredrickson DS. Estimation of 
the concentration of low-density lipoprotein cholesterol in 
plasma, without use of the preparative ultracentrifuge. Clin 
Chem 1972; 18 : 499-502.

15.	 Shannon A, Alkhouri N, Carter-Kent C, Monti L, 
Devito R, Lopez R, et al. Ultrasonographic quantitative 
estimation of hepatic steatosis in children with NAFLD.  
J Pediatr Gastroenterol Nutr 2011; 53 : 190-5.

16.	 Alberti KG, Zimmet P, Shaw J. Metabolic syndrome - A 
new world-wide definition. A consensus statement from the 
international diabetes federation. Diabet Med 2006; 23 : 469-80.

17.	 Qiao Q, Nyamdorj R. The optimal cutoff values and their 
performance of waist circumference and waist-to-hip ratio for 
diagnosing type II diabetes. Eur J Clin Nutr 2010; 64 : 23-9.

18.	 Fernández JR, Redden DT, Pietrobelli A, Allison DB. 
International diabetic federation: Criterion of metabolic 
syndrome in children and adolescents. J Pediatr 2004; 145 : 
439-44.

19.	 Schwimmer JB, Dunn W, Norman GJ, Pardee PE, 
Middleton MS, Kerkar N, et al. Safety study: Alanine 
aminotransferase cut-off values are set too high for reliable 
detection of pediatric chronic liver disease. Gastroenterology 
2010; 138 : 1357-64, 1364.e1-2.

20.	 Misra A. Ethnic-specific criteria for classification of body 
mass index: A perspective for Asian Indians and American 
Diabetes Association position statement. Diabetes Technol 
Ther 2015; 17 : 667-71.

21.	 American Diabetes Association. Diagnosis and classification 
of diabetes mellitus. Diabetes Care 2014; 37 (Suppl 1) : 
S81-90.

22.	 Singh Y, Garg MK, Tandon N, Marwaha RK. A study of 
insulin resistance by HOMA-IR and its cut-off value to 
identify metabolic syndrome in urban Indian adolescents.  
J Clin Res Pediatr Endocrinol 2013; 5 : 245-51.

23.	 American Academy of Pediatrics. National cholesterol 
education program report of the expert panel on blood 



	 JAIN et al: NAFLD IN OVERWEIGHT ADOLESCENTS	 301

cholesterol levels in children and adolescents. Pediatrics 
1992; 89 : 525-84.

24.	 Marzuillo P, Miraglia del Giudice E, Santoro N. Pediatric 
fatty liver disease: Role of ethnicity and genetics. World J 
Gastroenterol 2014; 20 : 7347-55.

25.	 Ramachandran A, Snehalatha C, Yamuna A, 
Murugesan N, Narayan KM. Insulin resistance and clustering 
of cardiometabolic risk factors in urban teenagers in Southern 
India. Diabetes Care 2007; 30 : 1828-33.

26.	 Sivagurunathan C, Umadevi R, Rama R, Gopalakrishnan S. 
Adolescent health: Present status and its related programmes 
in India. Are we in the right direction? J Clin Diagn Res 2015; 
9 : LE01-6.

27.	 Vendhan R, Amutha A, Anjana RM, Unnikrishnan R, 
Deepa M, Mohan V, et al. Comparison of characteristics 
between nonobese and overweight/obese subjects with 

nonalcoholic fatty liver disease in a South Indian population. 
Diabetes Technol Ther 2014; 16 : 48-55.

28.	 Denzer C, Thiere D, Muche R, Koenig W, Mayer H, 
Kratzer W, et al. Gender-specific prevalences of fatty liver in 
obese children and adolescents: Roles of body fat distribution, 
sex steroids, and insulin resistance. J Clin Endocrinol Metab 
2009; 94 : 3872-81.

29.	 Wree A, Schlattjan M, Bechmann LP, Claudel T, Sowa JP, 
Stojakovic T, et al. Adipocyte cell size, free fatty acids and 
apolipoproteins are associated with non-alcoholic liver injury 
progression in severely obese patients. Metabolism 2014; 63 : 
1542-52.

30.	 Gokulakrishnan K, Anjana RM, Indulekha K, Anuradha S, 
Mohan V. Association of hypoadiponectinemia with non-
alcoholic fatty liver disease in urban South Indians -(CURES 
- 81). Indian J Med Res 2010; 132 : 271-7.

For correspondence: �Prof. Vandana Jain, Division of Pediatric Endocrinology, Department of Pediatrics,  
All India Institute of Medical Sciences, New Delhi 110 029, India 
e-mail: drvandanajain@gmail.com


