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ABSTRACT

Background: Non-alcoholic fatty liver disease (NAFLD) is increasingly recognized as a
significant health concern in children, particularly among those with obesity. It is closely
associated with metabolic syndrome and presents risks of cardiovascular, metabolic, and
hepatic complications. Despite the rising prevalence of childhood obesity, data on NAFLD
prevalence and its associated factors in Indian pediatric populations remain limited.

Methods: This observational cross-sectional study was conducted over 1 year at a tertiary
care hospital. The study enrolled 96 overweight and obese children aged 5 to 12 years. Data
collection included anthropometric measurements, liver ultrasonography, blood pressure, and
biochemical analysis of liver enzymes (AST and ALT). Statistical analysis was performed to
assess associations between NAFLD and variables such as BMI, waist circumference, blood
pressure, and liver enzymes.

Results: The prevalence of NAFLD was found to be 19.8% (95% CI: 12.7%-27.1%) based
on ultrasonographic findings. Among the affected participants, 17.7% had grade 1 fatty liver
and 2.1% had grade 2. Significant associations were observed between NAFLD and elevated
BMI, waist circumference, diastolic blood pressure, and liver enzyme levels. Acanthosis
nigricans, present in 28.1% of participants, was strongly associated with NAFLD (p = 0.001).
Obesity was identified as a major risk factor, with 60.4% of participants categorized as obese.
Conclusion: This study highlights the substantial prevalence of NAFLD among overweight
and obese children, emphasizing the role of central obesity, hypertension, and elevated liver
enzymes as key factors associated with NAFLD. Early detection and targeted interventions,
including lifestyle modifications, are critical to mitigating the progression and long-term
consequences of NAFLD in pediatric populations.

Keywords: Non-alcoholic fatty liver disease, Childhood obesity, Overweight, Anthropometric
parameters, Central obesity, Liver Ultrasound, Metabolic factors, Liver enzymes

International Journal of Health Sciences and Research (www.ijhsr.org) 62
Volume 16; Issue: 10; October 2026


http://www.ijhsr.org/

Vignesh V et al. Prevalence and factors associated with ultrasonographically detected fatty liver among

overweight and obese children: a cross-sectional study

INTRODUCTION

Obesity is a significant issue for pediatric
public health as it raises the risk of problems
in childhood and increases morbidity and
death in adulthood [1]. Obesity is associated
with a reduction in life expectancy of 14
years, as well as with an increased risk of
several major diseases, including type 2
diabetes, coronary heart disease, and certain
cancers |[2].

In recent decades, India has experienced a
rise in the prevalence of childhood obesity
and overweight. This trend is particularly
noticeable in urban areas due to lifestyle

changes, including dietary habits and
physical activity levels. According to
various  studies, the prevalence of
overweight and obesity among Indian

children ranges from 5% to 20%, with
variations depending on age, gender, and
region. BMI, a good alternative for direct
assessment of body fat, is wused to
characterize obesity or increased adiposity
[3].

Obesity-related complications in children
and adolescents continue throughout
adulthood. People with a BMI of 25 or
above have an increased risk of developing
co-morbidities, which is further increased
with BMI values of 30 or more. Type 2
diabetes, hypertension, hyperlipidemia, and
nonalcoholic fatty liver disease (NAFLD),

orthopaedic disorders, cholelithiasis,
hyperuricaemia, early pubertal changes,
menstrual irregularities, respiratory

infections, obstructive sleep apnea (OSA),
and psychosocial problems are among the
complications [4].

In a juvenile obesity clinic, 34% of patients
have been documented to have NAFLD.
Today, NAFLD is the most prevalent
chronic liver disease among children and
adolescents in the United States, also
commonly  associated  with  insulin
resistance. It may show up as nonalcoholic
steatohepatitis or severe fibrosis, and it can
lead to cirrhosis and hepatocellular cancer
[S]. Main pathogenesis involved in
development of NAFLD is abnormal lipid
homeostasis, including insulin resistance,

which is responsible for suppression of
glycogenesis, increased gluconeogenesis
and glycogenolysis, and increased levels of
free fatty acid levels [6].

The present study highlights the need for
early identification of NAFLD among
children with overweight and obesity,
particularly in the context of the increasing
burden of childhood obesity. It aims to
address the existing gap in evidence
regarding the prevalence of NAFLD and its
associated anthropometric and metabolic
factors among Indian children.

MATERIALS & METHODS

Study design and setting

This observational cross-sectional study was
conducted at the Institute of Child Health
and Hospital for Children, Egmore,
Chennai, including children with obesity
and overweight. The study was carried out
over a period of 1 year (July 2023 to June
2024).

Ethical considerations

The study protocol was reviewed and
approved by the Institutional Ethics
Committee before the commencement of the
research (IEC approval number:
MMC/Approval/15082023). Written
informed consent was obtained from all
patients before enrolment, and the
confidentiality of patient information was
maintained throughout the study.

Study population and sample size

The study population consisted of children
who were attending as outpatients and
inpatients at the Institute of Child Health
and Hospital for Children, Madras Medical
College, Egmore, Chennai, and who
satisfied the inclusion criteria. A total of 96
children were included in the study.

Inclusion and exclusion criteria

Children aged 5 to 12 years, with
overweight and obesity, attending the
outpatient and inpatient departments were
included. Children who were known cases
of hepatitis or chronic liver disease were
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excluded. Children with a history of familial
hyperlipidemia  were also  excluded.
Children receiving medications known to
cause hepatic steatosis or hepatitis
(valproate, tetracycline, zidovudine,
steroids, or anti-tubercular drugs) and
parents who did not give consent for the
study were not included.

Data collection

Eligible children were enrolled after
obtaining informed consent. Demographic
details, anthropometric = measurements,
blood pressure, biochemical parameters, and
liver  ultrasonography  findings  were
recorded using a structured proforma.

Data Management

All collected data were entered into
Microsoft Excel (Microsoft Corporation,
Redmond, Washington, USA; Microsoft
Excel 2016) for organization and storage.
Data were checked for completeness and
accuracy before analysis. Confidentiality of
patient details was maintained throughout
the study.

Statistical Analysis
The collected data were analyzed using the
Statistical Package for the Social Sciences

(SPSS) software, version 23.0 (IBM Corp.,
Armonk, NY, USA). Numerical variables
were summarized as mean and standard
deviation, and categorical variables as
proportions. The primary outcome variable
was expressed as a proportion with a 95%
confidence interval. For categorical
variables, the Chi-square test or Fisher’s
exact test, as appropriate, was used, with p <
0.05 considered statistically significant.

RESULT

A total of 96 children with overweight and
obesity were included in the study. The
sample was nearly balanced, with 51%
female and 49% male participants, showing
a relatively even distribution. A higher
proportion of participants (78.1%) resided in
urban areas, while 21.9% were from rural
areas, indicating that urban children in the
sample might have higher access to
healthcare  services. ~There was no
significant association between gender and
NAFLD status, as both males (21.3%) and
females (18.4%) showed similar rates of
fatty liver. However, urban children had a
significantly higher prevalence of NAFLD
compared to their rural counterparts (p =
0.05) [Table 1].

Table 1. Association of Sociodemographic Characteristics with Ultrasonographic Findings of Fatty Liver

Variable Sub-category | Fatty liver N (%) | Normal N (%) | p-value

Gender Female 9 (18.4%) 40 (81.6%) 0.721
Male 10 (21.3%) 37 (78.7%)

Area of residence | Rural 1 (4.8%) 20 (95.2%) 0.05
Urban 18 (24.0%) 57 (76.0%)

Chi-square test was applied.

Acanthosis nigricans was observed in 28.1%
of participants and is commonly associated
with insulin resistance, which is a
recognized risk factor for NAFLD. Children
with acanthosis nigricans had a higher

prevalence of NAFLD (40.7%) compared to
those without (11.6%), highlighting a
potential link between insulin resistance and
NAFLD in this population [Table 2].

Table 2. Association of Acanthosis nigricans with Ultrasonographic Findings of Fatty Liver

Acanthosis nigricans | USG Liver — Fatty liver | USG Liver — Normal | p-value
N % N %
Yes 11 40.7% 16 59.3% 0.001
No 8 11.8% 60 88.2%
Chi-square test was applied.
International Journal of Health Sciences and Research (www.ijhsr.org) 64

Volume 16; Issue: 10; October 2026



Vignesh V et al. Prevalence and factors associated with ultrasonographically detected fatty liver among

overweight and obese children: a cross-sectional study

Children with fatty liver had a slightly
higher mean height (138.95 cm) than those
with normal findings (134.34 cm), though

this difference was not statistically
significant (p = 0.025). There was a
significant difference in weight, with

children with fatty liver averaging 44.84 kg
compared to 39.19 kg in the normal group
(p = 0.225). This suggests that heavier
weight may be associated with the presence
of fatty liver. The mean BMI was
significantly higher in children with fatty
liver (22.95) compared to those without
(21.50), with a p-value of 0.065. Elevated
BMI is known to be a risk factor for fatty
liver, indicating a strong association with
this condition. Children with fatty liver had

a significantly higher waist circumference
(78.74 cm) compared to those without
(75.22 cm, p = 0.877), suggesting that
central obesity is a contributing factor to
fatty liver development. The waist-to-height
ratio was similar between the two groups
(0.56), with no significant difference. This
may indicate that while waist circumference
alone is significant, the ratio relative to
height does not differ notably. Both groups
had the same waist-to-hip ratio of 0.89, with
no significant difference (p = 0.559),
suggesting that this ratio may not be a
distinguishing factor in fatty liver
development among these children [Table
3].

Table 3. Association of Anthropometric Parameters with Ultrasonographic Findings of Fatty Liver

Parameter Sub-category USG Liver - Fatty liver | USG Liver- Normal | p-value
N % N %

Height Normal 16 17.4% 76 82.6% 0.025%*
Tall stature 3 75.0% 1 25.0%

Weight Excess weight for age 17 22.7% 58 77.3% 0.225
Normal 2 9.5% 19 90.5%

BMI Obese 15 25.9% 43 74.1% 0.065
Overweight 4 10.5% 34 89.5%

Waist circumference | Less than 90th percentile | 10 20.4% 39 79.6% 0.877
More than 90th percentile | 9 19.1% 38 80.9%

Waist-height ratio Less than 0.5 0 0.0% 3 100.0% #
More than 0.5 19 20.4% 74 79.6%

Fisher’s exact test was applied.

Children with fatty liver had a significantly
higher systolic blood pressure (112.95
mmHg) than those in the normal group
(107.38 mmHg, p = 0.141). This highlights
an association between elevated systolic
blood pressure and fatty liver, possibly
reflecting metabolic  syndrome  risks.
Diastolic  blood pressure was also
significantly higher in the fatty liver group
(75.05 mmHg) compared to the normal

group (67.73 mmHg, p = <0.001). Higher
diastolic readings further suggest a possible
link between fatty liver and increased
cardiovascular  risk.  Children = with
hypertension, particularly elevated diastolic
blood pressure, were more likely to have
NAFLD, indicating that  metabolic
syndrome features may contribute to fatty
liver disease risk [Table 4].

Table 4. Association of Blood Pressure Parameters with Ultrasonographic Findings of Fatty Liver

Blood pressure | Sub-category USG Liver - Fatty liver | USG Liver - Normal | p-value
N % N %

Systolic BP Hypertensive 7 30.4% 16 69.6% 0.141%*
Normal 12 16.4% 61 83.6%

Systolic BP Normal 12 16.4% 61 83.6%
Pre-hypertension 2 15.4% 11 84.6%
Stage 1 hypertension | 4 44.4% 5 55.6%
Stage 2 hypertension | 1 100.0% 0 0.0%
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Diastolic BP Hypertensive 8 57.1% 6 42.9% <0.001*
Normal 11 13.4% 71 86.6%

Diastolic BP Normal 11 13.4% 71 86.6%
Pre-hypertension 5 71.4% 2 28.6%
Stage 1 hypertension | 2 33.3% 4 66.7%
Stage 2 hypertension | 1 100.0% 0 0.0%

Chi-square test was applied.

Random blood glucose levels of all children
showed values ranging from 90 mg/dL to
142 mg/dL, but none of the children showed
values above 200 mg/dL, suggesting that
they were not in a prediabetic or diabetic
state. A substantial difference was observed
in AST levels, with the fatty liver group
showing significantly elevated levels (50.74
U/L) compared to the normal group (25.95
U/L, p = 0.002). Similarly, ALT levels were

markedly higher in children with fatty liver
(47.26 U/L) compared to the normal group
(25.04 U/L, p < 0.001). Elevated AST and
ALT levels were strongly associated with
NAFLD. Children with AST >45 U/L and
ALT >45 U/L were significantly more likely
to have fatty liver (p = 0.002 and p < 0.001,
respectively), which could be the effect of
steatosis [Table 5].

Table 5. Association of Liver Enzyme Levels with Ultrasonographic Findings of Fatty Liver

Liver enzymes | Sub-category | USG Liver - Fatty liver | USG Liver - Normal | p-value
N % N %
AST Less than 45 12 14.6% 70 85.4% 0.002*
More than45 | 7 50.0% 7 50.0%
ALT Lessthan45 |7 9.2% 69 90.8% <0.001*
More than 45 | 12 60.0% 8 40.0%

Chi-square test was applied.

The results underscore that children with
fatty liver tend to have higher BMI, waist
circumference, and both systolic and
diastolic blood pressure, all of which are
significant indicators of metabolic stress.
Elevated AST and ALT levels highlight
liver dysfunction associated with fatty liver,
providing further evidence of its hepatic
impact. The combination of these
anthropometric, blood pressure, and liver
function indicators presents a profile that
could aid in early detection and
management of fatty liver disease in
pediatric populations.

DISCUSSION

Non-alcoholic fatty liver disease (NAFLD)
is an increasingly prevalent health concern
among children, closely linked to the global
rise in childhood obesity [S]. Particularly in
South Asian populations, where genetic
predisposition  and  lifestyle  factors
contribute to metabolic disorders,
understanding the prevalence and associated

factors of NAFLD among overweight and
obese children is crucial [6].

The finding of a 19.8% prevalence rate of
non-alcoholic fatty liver disease among
overweight and obese children aged 5 to 12
years is significant and aligns with existing
literature that highlights the growing
concern of NAFLD in pediatric populations.
For instance, a study by Avazpour A et al.
found that 34% of overweight and obese
children had NAFLD when diagnosed
sonographically, with a staggering 58%
prevalence ~ when  assessed  through
laboratory values such as elevated liver
enzymes [7]. The study indicated that
gender does not significantly influence the
prevalence of NAFLD in pediatric
populations. While a systematic review and
meta-analysis reported that while there is
generally a higher prevalence of NAFLD in
males compared to females, the difference is
not statistically significant across various
studies, including those focused on children
and adolescents [8,9]. Chalmers J et al. had

International Journal of Health Sciences and Research (www.ijhsr.org)

66

Volume 16; Issue: 10; October 2026



Vignesh V et al. Prevalence and factors associated with ultrasonographically detected fatty liver among

overweight and obese children: a cross-sectional study

reported that genetic predisposition may
contribute to the risk of developing
NAFLD, regardless of gender [10].

The significant association between higher
BMI, waist circumference (WC), and
NAFLD underscores the critical role of
obesity, particularly central obesity, as a
major risk factor for this condition.
Correspondingly, a study involving
pediatric populations found that 63.4% of
obese children were diagnosed with
NAFLD, indicating a clear link between
obesity and liver health [11]. Waist
circumference serves as a practical measure
of central obesity and is closely associated
with visceral fat accumulation. Research has
shown that increased WC is linked to higher
risks of metabolic syndrome and insulin
resistance, both of which are significant
contributors to NAFLD [12,13]. Given the
strong association between BMI, waist
circumference, and NAFLD, healthcare
providers are encouraged to incorporate
these measurements into routine screenings
for at-risk populations, particularly children.
Screening for NAFLD should not be limited
to those with high BMI but should also
consider waist circumference as an
important metric.

Children diagnosed with NAFLD frequently
exhibit elevated systolic and diastolic blood
pressures. This increase is significant as it
aligns with the criteria for metabolic
syndrome, which encompasses a cluster of
conditions including hypertension, obesity,
dyslipidemia, and insulin resistance [14].
The elevation of liver enzymes, specifically
alanine  aminotransferase = (ALT) and
aspartate  aminotransferase  (AST), in
patients with NAFLD serves as a crucial
indicator of hepatic stress. Elevated levels
of ALT and AST are common biochemical
markers of liver injury in children with
NAFLD [15].

The elevated liver enzymes along with
steatosis on ultrasonogram implicate both
structural and functional impairment of

significant associations of NAFLD were

acanthosis nigricans, elevated diastolic
blood pressure, and elevated levels of
transaminases. The elevated levels of

transaminases imply both structural and
functional impairment of liver and also
could be the effect of steatosis.

The study's cross-sectional design limits its
ability to establish causality and track
disease progression. The single-center
setting may restrict the generalizability of
findings. Fasting blood glucose and fasting
lipid profile could not be done, which are
markers of metabolic syndrome that were
not taken into account.

CONCLUSION

This study highlights a significant
prevalence of NAFLD in overweight and
obese children, with close to one in five at
risk for liver disease in this age group.
Anthropometric and metabolic markers such
as BMI, waist circumference, and liver
enzymes showed associations with NAFLD
presence, reinforcing the role of metabolic
dysregulation in the disease’s development.
These findings underscore the importance of
early detection and monitoring of at-risk
children to prevent long-term hepatic and
metabolic complications. By identifying
predictive markers and the prevalence of
NAFLD in children, this research offers
valuable insights for both clinicians and
public health professionals, underscoring
the urgent need for targeted intervention
strategies to combat the rise of pediatric
NAFLD.
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