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Abstract
Background: Non- alcoholic fatty liver disease (NAFLD) is increasingly recognised in obese and
overweight children. NAFLD is the most common cause of chronic liver disease in these children.
Objectives: To assess the prevalence of NAFLD and to identify the anthropometric, metabolic risk factors
for NAFLD.

Materials and methods: This cross sectional study was done with 154 overweight and obese children.
The study population was divided into 2 groups based on the presence or absence of NAFLD by
screening with ultrasonography and/or alanine transaminase levels. Anthropometric (Body mass index,
waist circumference) and biochemical parameters (Total cholesterol, triglyceride, high density lipoprotein,
low density lipoprotein, very low density lipoprotein, Insulin, Homeostasis model assessment of insulin
resistance (HOMA-IR), alanine transaminase, aspartate transaminase) were compared between these two
groups.

Results: NAFLD was diagnosed based on abnormal screening in 79 (51.3 %) overweight and obese
children.. No age or gender difference was noted between 2 groups. NAFLD patients did not differ
signi�cantly from patients without NAFLD in age, Body mass index, systolic blood pressure, diastolic
blood pressure and waist circumference. LDL Cholesterol levels were found signi�cantly higher in the
NAFLD group. There was no signi�cant difference found in lipid pro�le apart from LDL cholesterol,
aspartate transaminase and HOMA-IR between 2 groups.

Conclusion: NAFLD is common in overweight and obese South Indian children. High LDL cholesterol level
is a risk factor for NAFLD in these children. Screening of this high risk group for early diagnosis of NAFLD
is essential to prevent and monitor further progression of the disease.

Introduction
The incidence of obesity among children has seen a steep rise in the recent years in developing countries
like India [1]. Childhood obesity is associated with co-morbidities like asthma, sleep apnea, fatty liver
disease, gallstones, gastro-esophageal re�ux and non-alcoholic fatty liver disease (NAFLD) [2]. Moreover,
children with obesity are more likely to become obese adults and are at higher risk of developing early
onset non-communicable diseases during adulthood like type 2 diabetes, hypertension, polycystic ovarian
disease, coronary vascular disease etc [3, 4]. NAFLD is the commonest liver disease encountered by
obese children and adolescents [5]. NAFLD is characterized by increased fat deposits in liver along with
in�ammation and liver cell damage [6]. Though early stages of NAFLD are reversible, progressive
involvement can lead to steatohepatitis, �brosis and cirrhosis [7]. However, only minority of obese
children progress to severe stages beyond steatosis. According to multiple hit hypothesis theory, several
factors cause progression of NAFLD in addition to genetic predisposition like insulin resistance,
hormones secreted by adipose tissue, gut microbiome, nutrition etc. [8]. Detecting NAFLD early is
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extremely crucial in preventing the progression to further stages of disease by dietary and life style
interventions in obese children.

NAFLD in children is associated with chronic systemic disorders like hypertension, dyslipidaemia,
increased risk of metabolic syndrome, type 2 diabetes, and cardiovascular diseases [9].NAFLD is also
feature of several inborn errors of metabolism like Wilsons’s disease, Galactosemia, glycogen storage
disorders, hereditary fructose intolerance, α1-antitrypsin de�ciency, lipid storage disorders like Niemann-
Pick disease, fatty acid oxidation disorders etc. [10]. Many research studies over the last decade have
linked NAFLD with the development of insulin resistance and metabolic syndrome in obese children [11,
12]. Though many modalities like ultrasonogram (US), computerised tomography (CT), magnetic
resonance imaging (MRI) are used commonly to diagnose NAFLD, liver biopsy is the gold standard test to
diagnose NAFLD in children [13]. MRI has been considered as the most sensitive non-invasive method of
detecting steatosis in early stages [14]. Nevertheless, due to practical limitations, screening for NAFLD is
commonly done by US or alanine transaminase (ALT) levels in clinical settings [15, 16]. For diagnosing
NAFLD, using two times the gender-speci�c ALT (ALT ≥ 44 for girls and ≥ 50 for boys) in obese and
overweight children aged ≥ 10 years has a sensitivity and speci�city of 88% and 26% respectively [17,
18].

The prevalence of NAFLD in South Indian overweight and obese children is unknown due to
asymptomatic evolution of steatosis and non-availability of published data. Hence this study was done
to assess the prevalence of NAFLD among south Indian obese children and to identify the predictive
anthropometric and metabolic risk factors for NAFLD.

Methodology
This cross sectional study was done out between January 2019 to December 2019 in a Tertiary care
teaching Hospital in South India. Institutional ethics committee clearance was obtained before enrolment.
Informed consent from parents/guardian and assent from older children were sought before inclusion. All
children attending outpatient department aged 5 to 13 years with body mass index (BMI) equivalent to
adults more than 23 kg/m2 were included. Children with adult equivalent BMI of more than 27 Kg/m2 and
between 23–27 kg/m2were classi�ed as obese and overweight respectively [19]. Children with acute
febrile illness, chronic liver disease, history of receiving hepatotoxic drugs were excluded.

Anthropometric parameters like weight, height, waist circumference were measured. Standardized
Electronic weighing machine (EQUAL Digital, Front and back and red LED double display, 0.1–120 kg, MS
platform, unique power technologies) was used for weight measurement. Height was measured using
stadiometer. BMI was calculated using Quetelet index as the ratio of weight in kg and square of height in
meters. Waist circumference (WC) was measured in upright posture at the midpoint between lower
margin of the last rib and upper border of iliac crest using a non-stretchable tape to the nearest 0.1cm.
Systolic and diastolic blood pressure (SBP, DBP) was measured in the right arm by korotkoff method
using sphygmomanometer after 5 minutes of rest in the sitting position. US of liver was done using
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Philips HD 7 xe with curvilinear probe 2–5 Hz. Liver steatosis was graded as mild, moderate, severe
based on the echogenicity compared to right renal cortex [20]. From an overnight fasting blood sample,
glucose, total cholesterol (TC), triglycerides (TG), high density lipoprotein (HDL) cholesterol, Aspartate
transaminase (AST) and ALT were estimated using standard reagent kits. From the triglyceride value, low
density lipoprotein (LDL) and very low density lipoprotein (VLDL) cholesterol was calculated using
friedwald’s formula. Fasting insulin was estimated by chemiluminescence method. Homeostasis model
assessment of insulin resistance (HOMA-IR) [21] was measured by using the formula HOMA-IR = fasting
glucose (mg/dl) × fasting insulin (uIU/ml)/405. NAFLD was diagnosed by liver US and/or elevated ALT
levels ≥ 50 U/l (boys) ≥ 44 U/l (girls). Though various studies used different cut off levels for ALT [22],
widely accepted threshold level for ALT is 2 times the upper limit of gender-speci�c ALT (ALT ≥ 50 for
boys and ≥ 44 for girls) was used in this study [17]. Hepatitis B surface antigen, IgM antibody hepatitis A
virus, serum ceruloplasmin levels and ophthalmological examination to rule out Kayser Fleisher ring were
done for all children with transaminasemia (ALT levels > 35 IU/L). ALT was repeated after 3 months only
for those with ALT ≥ 35 IU/L .

The sample size was calculated using G*Power 3: A �exible statistical power analysis program for the
social, behavioral and biomedical sciences [23]. The required sample size was 146 using Mann-whitney U
test for the comparison of mean between two groups with an effect size of 0.5, with 0.90 beta error and
0.05 alpha error.

Included cases were divided into 2 groups based on screening for NAFLD done by US and ALT levels (> 
twice the upper limit). All anthropometric, biochemical parameters were compared between the 2 study
groups. The statistical software (SPSS 24) was used for data analysis. Descriptive data were expressed
as mean, median and standard deviations (SD) for continuous variables. Mann–Whitney U, and t test
were used to compare continuous variables. Chi-square test was applied for categorical variables. The
receiver operating characteristics (ROC) analysis was used to verify the independent variables and to
de�ne an appropriate cut-off. 𝑝value less than 0.05was considered as statistically signi�cant.

Results
A total of 154 overweight and obese children were recruited in the study. It included 73 boys and 81 girls
between 5 to 13 yrs. Mean age of boys and girls were 9.72 (± 1.99) and 10.06 (± 2.08), respectively. The
anthropometric and biochemical characteristics of the study population strati�ed by gender are
summarized in Table − 1. No family history of liver disease was found in any overweight/obese child.
112(72.72%) children had history of obesity/overweight in either or both parents. US features of fatty liver
were diagnosed in 73 patients (38 girls and 35 boys) out of which 63 and 10 had mild and moderate
steatosis respectively. Out of 10 children with moderate steatosis, 9 were obese. Elevated ALT was found
in 13 patients (8 boys and 5 girls). When either US �nding and the criteria of ALT > 50(boys), > 44 (girls)
were considered, it was found that 79 (51.3%) had NAFLD. Seven children had both US steatosis and
transaminasemia. Four children had ALT levels more than 80 IU/L. Among 37 obese children and 117
overweight children, NAFLD was found in 19 and 60 children respectively. No statistical signi�cant
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difference (p = 0.994) was found in NAFLD diagnosis between overweight and obese children. No
difference between baseline and repeat ALT levels was found in children with transaminasemia (≥ 35
IU/L). Though mean ALT levels were higher in the obese when compared with overweight children (34.12
vs 32.92), it was statistically insigni�cant (p = 0.072). LDL cholesterol levels were found to be
signi�cantly higher in the NAFLD group (p = 0.033). The anthropometric and biochemical characteristics
of the NAFLD and non-NAFLD group are summarized in Table − 2.

The correlation analysis between BMI and other study parameters among patients with NAFLD showed
positive relationship found between BMI and WC r = 0.598, p < 0.001, BMI and Insulin r = 0.214, p < 0.05,
BMI and HOMO-IR r = 0.225, p < 0.05. No relationship was found between BMI and Cholesterol,
Triglycerides, AST, ALT, Insulin, HDL, LDL and VLDL (p > 0.05). The correlation analysis between BMI and
other study parameters among patients without NAFLD showed positive association between BMI and
WC (r = 0.487, p < 0.001), BMI and AST (r = 0.334, p < 0.05). There was no relationship found between BMI
and Cholesterol, Triglycerides, ALT, Insulin, HOMO-IR, HDL, LDL and VLDL (p > 0.05).

Comparison of ROC curves for parameters between NAFLD and non-NAFLD showed that we could not
establish a cut off of each variable for identifying children at high risk of NAFLD since very low area
under curve was obtained for all the studied parameters.

Discussion
Dyslipidemia and insulin resistance are a consequence of abnormal lipid metabolism and hepatic lipid
accumulation in obese individuals. The mechanism of hepatocellular damage and development of
NAFLD though unclear, is commonly attributed to the lipotoxicity of high circulating levels of free fatty
acid, total cholesterol and other lipid metabolites. These lipid products in turn contribute to mitochondrial
dysfunction due to oxidative stress and free radical damage. The current management strategy for
NAFLD in children focuses on weight reduction and normalising lipid levels [24, 25].

Many studies have used different modalities to diagnose NAFLD in children as there is no consensus
regarding the diagnostic criteria. US technique sensitivity ranges from 60–94% and a speci�city of 84–
100% in detecting steatosis [18].Sensitivity and speci�city of US increases to 100% and 90% respectively
when hepatic steatosis content exceeds 20% [26].In the present study, NAFLD diagnosis was based on
liver steatosis in US and/or more than 2 times the upper limit of gender speci�c ALT [17]. The 61.7 %
prevalence of NAFLD among obese and overweight children in our study is similar to other published
studies from India using similar diagnostic modalities [27, 28].

No signi�cant difference in BMI, SBP, DBP and WC between NAFLD and non-NAFLD group were noted.
This observation is discordant with �ndings of many western and Indian studies [27–29]. Pawar et al
found that systolic hypertension was the sole independent factor associated with NAFLD [27]. Another
study found that BMI, WC, SBP, DBP were signi�cantly higher in NAFLD group among 11–16 year old
children [28].
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Though we observed apparent increase of non HDL lipid levels (TC, TG, LDL, VLDL) in NAFLD group,
signi�cant statistical difference was found only with LDL. Though some studies demonstrated increased
lipid levels like cholesterol, triglycerides in NAFLD patients, the �ndings are not consistent [27–32]. On
similar lines, HDL cholesterol was observed to be lesser in the NAFLD group compared to the non-NAFLD
group without statistically signi�cant difference. Pawar et al demonstrated higher triglyceride and AST
levels in NAFLD children [27]. Two similar studies also found signi�cant association between low HDL
levels and NAFLD [29, 32]. Though many studies have con�rmed the association of insulin resistance
with NAFLD [8, 28, 29], Pawar et al [27] found no difference in insulin and HOMA-IR levels between NAFLD
and non-NAFLD group which is similar to our study. This �nding can be partly explained by the relative
younger pre-pubertal age group of the study population compared to adolescent age group in many other
studies as the progression of insulin resistance is directly proportional to the increasing age in children.
Our study population included children less than 13 years of age whereas many studies included children
till 16 to 18 years of age.

Since most patients were asymptomatic except for Obesity and overweight, liver biopsy was not done to
evaluate NAFLD. MRI is considered as better imaging modality to con�rm NAFLD in children. MRI proton
density fat fraction (MRI-PDFF) is superior in classifying grades of steatosis based on a recent meta-
analysis in 2019 with pooled sensitivity and speci�city of MRI-PDFF for grades 0 vs. 1–3, 0–1 vs. 2–3,
and 0–2 vs. 3 were 0.93 and 0.94, 0.74 and 0.90, and 0.74 and 0.87, respectively [14]. Due to practical
limitations in a resource limited setup and poor patient affordability, MRI imaging could not be performed
to diagnose NAFLD. Other limitations of this study include lack of non-obese controls and not using
�broscan, a specialized ultrasound to assess steatosis and �brosis of NAFLD. Since more sensitive
methods for diagnosis of NAFLD were not used in this study, the results obtained are different and
discordant from the published data in literature.

Conclusion
NAFLD is common in overweight and obese South Indian children based on screening by US and ALT.
High LDL cholesterol level is a risk factor for NAFLD in overweight and obese children. Screening of this
high risk group for early diagnosis of NAFLD is essential to prevent and monitor further progression of
the disease.

Highlights
What is already known?

NAFLD is common obese and overweight children

Risk factors and prevalence of NAFLD in Indian obese and overweight children not fully known

 

What this study adds?
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NAFLD is common (61.7%) in overweight and obese South Indian

High LDL cholesterol level is a risk factor for NAFLD in overweight and obese children.

What are the future clinical and research implications of the study �ndings?

Screening of high risk group for early diagnosis of NAFLD is essential

Early identi�cation of NAFLD can help monitoring and limiting further progression
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Table 1: Anthropometric characteristics and Biochemical parameters of Study Population
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Variable All

(n=154)

Male

(n=73)

 

Female

(n=81)

t test

p value

Mean SD Mean SD Mean SD

BMI (kg/m2) 23.64 3.02 24.22 3.19 23.11 2.78 0.022*

SBP(mmHg) 107.46 9.61 107.97 8.79 107 10.32 0.532

DBP(mmHg) 71.38 7.29 72.21 6.59 70.64 7.83 0.181

WC (cm) 75.51 7.72 76.80 8.08 74.34 7.23 0.048*

Cholesterol (mg/dl) 154.90 30.96 154.17 33.29 155.55 28.89 0.784

TG (mg/dl) 107.83 54.84 100.90 51.37 114.07 57.38 0.137

HDL(mg/dl) 34.85 7.08 34.76 7.43 34.76 7.43 0.890

LDL(mg/dl) 98.19 23.78 97.35 25.12 98.94 22.64 0.681

VLDL(mg/dl) 19.57 8.87 18.75 8.01 20.31 9.57 0.278

AST (IU/L) 38.20 15.75 40.01 18.96 36.56 12.05 0.176

ALT (IU/L) 34.06 15.84 35.68 18.38 32.60 13.10 0.230

Insulin

(µIU/ml)

10.80 5.23 9.81 5.00 11.70 5.30 0.025*

HOMA - IR 1.68 1.12 1.51 1.00 1.84 1.21 0.071

 

BMI- Body mass index; SBP-Systolic blood pressure; DBP- Diastolic blood pressure; WC- Waist circumference;

TG- Triglyceride; HDL- High density lipoprotein; LDL- Low density lipoprotein; VLDL- Very low density

lipoprotein; AST- Aspartate transaminase; ALT- Alanine transaminase; HOMA-IR- Homeostasis model

assessment of insulin resistance.
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Table 2: Comparison of Anthropometry and Biochemical parameters of obese and overweight children with and

without NAFLD.

Variables NAFLD  

(n=79)

Non-NAFLD group

(n=75)

Mann-Whitney U p value 

Mean SD Median Mean SD Median

Age (years) 10.13 2.03 10.20 9.65 2.03 10.00 2628.00 0.226

BMI (kg/m2) 24.17 3.02 24.43 23.08 2.96 22.50 2382.50 0.036*

SBP (mmHg) 108.80 9.34 110.00 106.05 9.75 108.00 2442.50 0.052

DBP (mmHg) 71.87 7.11 70.00 70.88 7.49 70.00 2624.50 0.194

WC (cm) 76.72 8.05 76.00 74.24 7.19 74.00 2469.00 0.074

Cholesterol (mg/dl) 160.24 36.46 156.00 149.28 22.77 150.00 2450.00 0.064

TG (mg/dl) 113.14 62.60 101.00 102.24 45.01 95.00 2704.50 0.351

HDL(mg/dl) 34.23 7.82 33.00 35.51 6.20 36.00 2465.00 0.071

LDL(mg/dl) 102.67 26.55 102.00 93.47 19.56 94.00 2372.50 0.033*

VLDL(mg/dl) 20.16 9.11 19.00 18.95 8.64 17.00 2681.00 0.308

AST (IU/L) 39.15 19.01 35.00 37.20 11.41 36.00 2877.00 0.757

Insulin (µIU/ml) 10.70 5.31 10.00 10.91 5.18 10.00 2901.50 0.825

HOMA - IR 1.80 1.17 1.60 1.57 1.08 1.20 2588.50 0.176 

 

BMI- Body mass index; SBP-Systolic blood pressure; DBP- Diastolic blood pressure; WC- Waist circumference;

TG- Triglyceride; HDL- High density lipoprotein; LDL- Low density lipoprotein; VLDL- Very low density

lipoprotein; AST- Aspartate transaminase; ALT- Alanine transaminase; HOMA-IR- Homeostasis model

assessment of insulin resistance.
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