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Abstract
Background and Aim: Pediatric non-alcoholic fatty liver disease (NAFLD) is a pro-
gressive disorder that is increasing in incidence globally. The study aims to describe
the clinical profile and longitudinal outcome, including the utility of vibration-
controlled transient elastography (VCTE), in children with NAFLD at a single tertiary
liver unit in Singapore.
Methods: Retrospective review of patients aged 0–18 years referred for NAFLD from
2003 to 2020 was conducted. Diagnosis was based on persistent elevation of alanine
transaminase ≥2� the upper limit of normal in at-risk patients, and/or radiologic
detection of hepatic steatosis, with the exclusion of other etiologies. VCTE-derived
liver stiffness measurements (LSMs) ≤7.0 , 7.1–9.0, and ≥9.1 kPa were used to differ-
entiate normal (F0–F1), significant fibrosis (F2), and advanced fibrosis (F3–F4),
respectively.
Results: The study included 210 patients (72.4% male, mean age 11.6 years). New
cases increased from 1.7/1000 referrals in 2003–2008 to 12.7 and 24.5/1000 referrals
in 2009–2014 and 2015–2020, respectively. Significant proportion had dyslipidemia
(41.4%), impaired glucose tolerance/diabetes (IGT/DM, 26.7%), and hypertension
(17.1%). Only 6.2% had resolution of NAFLD after a mean follow-up of 3.7 years.
Based on VCTE (n = 65), 41.5% had normal LSM, while 26.2% and 32.3% had
increased likelihood of significant and advanced fibrosis, respectively. Age ≥16 years
(odds ratio [OR] 8.9), IGT/DM (OR 6.5), and aspartate transaminase >70 U/L
(OR 11.0) were independent risk factors associated with increased likelihood of
advanced fibrosis.
Conclusion: Incidence of pediatric NAFLD has increased dramatically in Singapore.
Based on LSM estimation, pediatric NAFLD may be associated with an increased risk
of developing advanced fibrosis by late adolescence.

Introduction
Non-alcoholic fatty liver disease (NAFLD) has emerged as the
most common chronic liver disease affecting a quarter of

the global population, and has become one of the leading indica-

tions for liver transplantation (LT) in adults.1 With the rising

trend of obesity in children, a corresponding increase in inci-

dence of pediatric NAFLD has been observed in the Western as

well as Asian populations.2,3 NAFLD is now reported to be the

most prevalent chronic liver disease in children in Europe and

North America, and studies on the natural history of pediatric

NAFLD have shown that it is a progressive disorder potentially

leading to fibrosis, cirrhosis and end-stage liver disease.4,5 It is

postulated that pediatric-onset NAFLD may represent a more

aggressive phenotype compared to adult NAFLD and may be

associated with a more severe course.6

Liver histology remains the gold standard in the diagnosis
and staging of NAFLD, specifically in distinguishing between
isolated hepatic steatosis and the more severe non-alcoholic
steatohepatitis (NASH) which determines risk of progression to
fibrosis and cirrhosis.7 However, owing to the cost and invasive-
ness of liver biopsy, it may not be routinely performed in most
clinical settings. Alanine transaminase (ALT) may be a relatively
simple surrogate marker but it has limited sensitivity in
predicting the phenotype and severity of NAFLD.6,7 There is
growing interest in adapting noninvasive methods, such as clini-
cal/biochemical scores and vibration-controlled transient
elastography (VCTE), which are widely applied in adult practice,
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for clinical use in pediatric patients.8 However, none of these
tools has been fully validated or can be recommended for routine
clinical use in pediatric patients at present.

The primary aim of this study was to describe the clinical
profile and longitudinal outcome of pediatric patients with
NAFLD referred over an 18-year period at our tertiary liver unit
in Singapore. Secondary aim was to evaluate the utility of VCTE
in the estimation of disease severity and fibrosis in children with
NAFLD.

Methods
This was a retrospective observational study of all pediatric
patients (aged 0–18 years) diagnosed with NAFLD who had
been referred to the specialist liver unit from 2003 to 2020 at KK
Women’s and Children’s Hospital, which is the largest pediatric
hospital in Singapore. Diagnosis of NAFLD was based on detec-
tion of hepatic steatosis on imaging (such as ultrasonography or
computer tomography [CT] scans), with or without persistent ele-
vation of ALT more than 2 times the upper limit of normal for
more than 3 months in at-risk patients, with the exclusion of all
other primary etiologies based on relevant clinical history and
investigations (Table 1).6 At-risk patients were defined as
patients who were obese with body mass index (BMI) Z-score
≥1.64 (BMI ≥95th percentile), or overweight (BMI Z-score
≥1.04, or BMI ≥85th percentile but <95th percentile)9 with addi-
tional risk factors including diabetes mellitus (DM), dys-
lipidemia, hypertension, or a family history of NAFLD/NASH.
ALT ≥80 U/L was considered to be clinically predictive of an
underlying NASH.6 All patients underwent investigations to

screen for other comorbidities related to obesity and metabolic
syndrome. Criteria for diagnosis of DM, impaired glucose toler-
ance (IGT) and dyslipidemia, were based on established interna-
tional and local clinical practice guidelines.10,11 Liver histology
was obtained primarily for the purpose of excluding other diag-
noses in cases where there was diagnostic uncertainty.

Management involved dietary and lifestyle modification as
recommended in standard guidelines.6,12 Patients were reviewed
at the outpatient clinic at 6-monthly intervals and underwent
anthropometric measurements, physical examination, and labora-
tory investigations including liver biochemistry.

Since 2019, VCTE (Fibroscan, Echosens) was performed
at yearly intervals for every patient to record liver stiffness mea-
surement (LSM) and controlled attenuation parameter (CAP)
score (measured in kPa and dB/m, respectively). Patient prepara-
tion, choice of probe (M and XL), and examination procedure
were in accordance to manufacturer’s recommendations.13 No
patient required the S probe. For the purpose of this study, LSM
cut-offs of ≤7.0, 7.1–9.0, and ≥9.1 kPa were used to differentiate
normal liver stiffness (F0–F1), significant fibrosis (F2), and
advanced fibrosis (F3–F4), respectively8; CAP scores of
248, 268, and 280 dB/m were used to signify ≥5–10% (S1),
≥33% (S2), and ≥66% (S3), respectively.14

The primary outcome measure was resolution of NAFLD
at the end of the study period, as defined in this study by normal-
ization of liver biochemistry, resolution of radiologic features of
hepatic steatosis, and normalization of LSM and CAP measured
on VCTE. Improvement in liver biochemistry was defined by
reduction of ALT and aspartate transaminase (AST) by ≥50%
from peak values for at least 6 months. Secondary outcome mea-
sure was the incidence of significant and advanced fibrosis based
on LSM estimation using VCTE.

Data on patient demographics, clinical history, as well as
laboratory, radiologic, histologic and VCTE parameters at the
time of referral and at the most recent follow-up were collected
from medical records. Data analysis was performed using IBM
SPSS Statistics for Windows, version 24 (IBM Corp., Armonk,
N.Y., USA). Continuous variables are expressed as mean (stan-
dard deviation, SD), mean (95% confidence interval, 95 CI) or
median (range), while categorical variables are expressed as
number (percentage). Comparisons were performed using the t-
test or the Mann–Whitney U test for continuous variables, and
the χ2-test or Fisher’s exact test for categorical variables. Statisti-
cal significance was set at a P-value <0.05. The study was
approved by Singhealth Centralized Institutional Review Board.

Results
There were 210 pediatric patients (72.4% male, mean age
11.6 years) with NAFLD who were referred to the liver unit dur-
ing the study period; 14.1% were overweight and 80.8% were
obese. Five percent had BMI Z-score in the non-overweight/non-
obese range at the time of referral, of whom the majority (80%)
had increase in BMI Z-score at follow-up. New cases of NAFLD
were seen at an increasing rate, from 1.7 per 1000 referrals in the
period 2003–2008 to 12.7 per 1000 referrals in the period 2009–
2014 and 24.5 per 1000 referrals in the period 2015–2020, out of
a total of 14 193 new outpatient referrals seen at the unit over
the 18-year period (Fig. 1). Significant comorbid disorders

Table 1 Investigations for evaluation of non-alcoholic fatty liver dis-
ease (NAFLD)

Screening for NAFLD and
related comorbidities

• Liver function test
• Prothrombin time, activated partial

thromboplastin time, and
international normalized ratio

• Full blood count
• Fasting blood glucose, oral glucose

tolerance test, and serum insulin
• HbA1c
• Fasting lipid profile
• Thyroid function test

Tests to exclude other
etiologies (where
appropriate)

Ceruloplasmin, with or without 24-h
urine copper and penicillamine
challenge

Serum immunoglobulin G
Antinuclear antibody, anti-smooth

muscle antibody, anti-liver/kidney
microsomal-1 antibody, anti-liver
cytosol-1 antibody, anti-soluble liver
antigen antibody

Hepatitis B and C serologies
Metabolic screen: serum amino acids,

acylcarnitines, ammonia, lactate,
pyruvate, uric acid, urine organic
acids

Alpha-1-antitrypsin levels/phenotype
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included dyslipidemia (41.4%), obstructive sleep apnoea (OSA,
21.0%), and hypertension (17.1%). Additionally, IGT and DM
were diagnosed in 14.3% and 12.4% of patients, respectively.
The number of patients who had at least one feature of dys-
lipidemia, hyperglycemia, or hypertension was 123 (58.6%).
Patients who had hypopituitarism and epilepsy were on cortico-
steroid replacement and anti-epileptic drugs, respectively, which
could be exacerbating factors for liver disease, but all of them
were also overweight or obese based on BMI Z-scores. Patient
demographics and clinical history are summarized in Table 2.

Data on the laboratory findings are detailed in Table 3.
Most patients (n = 132, 62.9%) had progression in peak ALT
level to ≥80 U/L through the course of follow-up. All 210 patients
had ultrasonographic evidence of hepatic steatosis. Only six
patients underwent liver biopsy, five of whom because of detec-
tion of autoantibodies and one for progressive liver disease and
portal hypertension. NASH was confirmed in all patients; four
had fibrosis grading of F0–F1, one was graded F2, and one had
cirrhosis (F4). Patients with positive autoantibodies who did not
undergo liver biopsy showed stable or improving liver
biochemistry.

Adjunctive pharmacotherapy was started based on physi-
cian discretion and included vitamin E (n = 31, 14.8%),
ursodeoxycholic acid (n = 5, 2.4%), and probiotics (n = 5,
2.4%). In addition, 25 patients (11.9%) were prescribed metfor-
min for DM, 6 (2.9%) were on obesity treatment (orlistat), and
4 (1.9%) were on lipid-lowering drugs.

After a mean follow-up duration of 3.7 years (SD 2.2),
reduction in BMI Z-score was observed in 103 patients (49%)
with a significant mean difference of �0.18 (95% CI: –0.25 to –

0.11, P <0.0001) from the time of referral to the time at last
follow-up. Resolution of NAFLD was achieved only in

13 patients (6.2%). Improvement in liver biochemistry was
observed in 54 patients (25.7%), whereas persistent liver dys-
function affected most patients (68.1%). At the end of the study
period, 81 patients (38.6%) remained on active follow-up,
77 (36.7%) defaulted and were lost to follow-up, 32 (15.2%)
were transitioned to adult care, and 19 (9%) were discharged.
One patient with panhypopituitarism who had NASH cirrhosis
died at the age of 16 years from acute-on-chronic liver failure
(ACLF) with spontaneous bacterial peritonitis, acute kidney
injury, variceal hemorrhage, hepatic encephalopathy, and cardio-
respiratory failure.

VCTE was performed in 65 patients, and median LSM
was 7.6 kPa (range: 3.4–75). Twenty-seven (41.5%) patients had
normal liver stiffness (≤7 kPa), 17 (26.2%) had LSM reading
between 7.1 and 9.0 kPa suggestive of significant fibrosis, and
21 patients (32.3%) had LSM of ≥9.1 kPa suggestive of
advanced fibrosis. Stratifying according to age group at the time
of most recent follow-up, normal liver stiffness, significant fibro-
sis, and advanced fibrosis were estimated by VCTE in 59.4%,
28.1% and 19.0%, respectively, in patients younger than
16 years, as compared to 24.2%, 24.2%, and 51.5%, respectively
in patients aged 16 years or older (P = 0.0019). Older age, obe-
sity, IGT/DM, dyslipidemia, and higher ALT, AST, and gamma-
glutamyltransferase (GGT) were significantly associated with the
detection of advanced fibrosis based on VCTE (Table 4). Using
multivariable logistic regression to correct for confounding fac-
tors, age ≥16 years (odds ratio [OR] 8.9; 95% CI: 1.89–42.11;
P = 0.0057), IGT/DM (OR 6.5; 95% CI:1.48–28.30;
P = 0.0130), and AST >70 U/L (OR 11.0; 95% CI: 2.46–49.36;
P = 0.0017) were found to be independently associated with
increased likelihood of advanced fibrosis. Based on the CAP
scores derived from VCTE, the mean score was 309 dB/m (95%

Figure 1 Number of new referrals per year and incidence trend of pediatric non-alcoholic fatty liver disease over the study period.
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CI: 297.5–322.0), with the majority of patients (79.7%) estimated
to have S3 (>66%) steatosis.

Discussion
This is one of the first studies in Southeast Asia that has docu-
mented a sharp rise in the incidence of pediatric NAFLD with
more than 10-fold increase in the rate of new referrals since
2003. Worryingly, a significant proportion of patients would
have developed one or more comorbidities related to metabolic
syndrome at a relatively young age. Our study has also
highlighted that, based on LSM estimation, over half of pediatric
patients with NAFLD may be at risk of developing advanced
fibrosis by the time they reach late adolescence.

As our hospital is the largest tertiary pediatric facility in
the country, the increase in new cases over the study period
would be representative of the true rising disease burden in
Singapore, which is a developed urban city-state in Southeast
Asia with a population of around 5.5 million. It is possible that
there was an era effect of increased awareness and screening for
NAFLD in the recent years; however it was just as likely that
there were many more undiagnosed cases in the community who

had not been tested or referred, as NAFLD is largely a “silent”
asymptomatic disease.

The rising incidence in NAFLD in Singapore follows sim-
ilar trends around the world. NAFLD is already recognized as
the most prevalent chronic liver disease in children, with a
pooled mean prevalence of around 5–10% in the general pediat-
ric population.15,16 A recent population study reported a signifi-
cant increase in pediatric NAFLD diagnosis over time, from
36.0/100000 children in 2009 to 58.2/100000 in 2018 in South-
ern California.2 In East Asia, Park et al. have similarly found a
rising prevalence of NAFLD in Korean adolescents from 7.8% in
the period 2001–2005 to 11.2% in the period 2015–2017, with
an increase in prevalence of obesity across these time periods.3

Zhang et al. found that from 1990 to 2017, there was an esti-
mated annual increase in the prevalence of NAFLD among chil-
dren, adolescents, and young adults globally of 1.35% per year,
and the largest percentage increase was in North America.17

Metabolic syndrome, including features of dyslipidemia,
IGT, and elevated blood pressure, has been found to be signifi-
cantly associated with the presence of biopsy-proven NAFLD

Table 2 Patient baseline demographics and associated co-morbidities

Patient characteristics N = 210

Mean age at presentation (years) 11.6 (2.95)
Male gender 152 (72.4%)
Ethnicity
Chinese 156 (74.3%)
Malay 38 (18.1%)
Indian 10 (4.8%)
Eurasian 1 (0.5%)
Others 5 (2.4%)

Mean BMI 28.6 (6.07)
Mean BMI Z-score 2.065 (0.6814)
Comorbid conditions
Dyslipidemia 87 (41.4%)
IGT/DM 56 (26.7%)
OSA 44 (21.0%)
Hypertension 36 (17.1%)
Hyperuricemia 26 (12.4%)
Dyspepsia/GERD 23 (11.0%)
Asthma 19 (9.0%)
Hypopituitarism, hypothyroidism 15 (7.1%)
Developmental disorders 14 (6.7%)
Epilepsy 8 (3.8%)

Family history
DM 33 (15.7%)
Dyslipidaemia 27 (12.9%)
Hypertension 27 (12.9%)
Coronary artery disease 12 (5.7%)
NAFLD 8 (3.8%)
Cerebrovascular disease 5 (2.4%)
Hepatocellular carcinoma 1 (0.5%)

BMI, body mass index; DM, diabetes mellitus; IGT, impaired glucose
tolerance; GERD, gastroesophageal reflux disease; NAFLD, non-
alcoholic fatty liver disease; OSA, obstructive sleep apnea.

Table 3 Laboratory data

Liver biochemistry Mean (95% CI)

Total protein (g/L) 77.5 (76.8–78.3)
Albumin (g/L) 42.0 (41.5–42.5)
Total bilirubin (μmol/L) 12.7 (11.5–13.9)
Direct bilirubin (μmol/L) 4.2 (3.8–4.6)
ALP (U/L) 226.5 (211.2–241.9)
ALT (U/L) 128.8 (114.9–142.8)
AST (U/L) 80.7 (70.3–91.2)
GGT (U/L) 66.4 (56.8–76.0)

Metabolic tests Mean (95% CI)

Total cholesterol (mmol/L) 4.94
HDL (mmol/L) 1.16
TG (mmol/L) 1.58
LDL (mmol/L) 3.10
Fasting glucose (mmol/L) 4.9 (4.7–5.1)
Glucose at 120 min (oral glucose tolerance test)

(mmol/L)
7.6 (7.2–8.0)

Fasting insulin (mIU/mL), n = 69 32.0 (27.1–37.0)
HbA1c (%) 5.70 (5.45–5.94)
Uric acid (μmol/L), n = 32 483.9 (430.4–537.3)

Autoimmune profile N (%)

Positive autoantibody 23 (11.0%)
Antinuclear antibody (ANA) 18 (8.6%)
Smooth muscle antibody (SMA) 4 (1.9%)
Anti-dsDNA 1 (0.5%)
Anti-liver cytosolic antigen 1 (Anti-LC1) 1 (0.5%)

Liver biochemistry values represent peak levels of total/direct bilirubin
and liver enzymes and lowest levels of total protein and albumin during
the course of follow-up. Data on metabolic tests were the most recent
results at the end of the study period.
95% CI, 95% confidence interval; ALP, alkaline phosphatase; ALT, ala-
nine transaminase; AST, aspartate transaminase; GGT, gamma-
glutamyltransferase; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TG, triglycerides.
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(50%) in overweight and obese children, as compared to over-
weight/obese children with no NAFLD (15%).18 In one retro-
spective study, 83% of children with NAFLD presented with at
least one feature of the metabolic syndrome, namely obesity,
hypertension, dyslipidemia, or hyperglycemia.4 This was also
evident in the high proportion (nearly 60%) of our cohort who
developed one or more of these features of metabolic syndrome.
Of note, a relatively high proportion of patients in our study
developed DM (12.4%) in comparison to rates of 5–10% in other
studies.2,5,19 The reason could be the selection bias of patients
who had more advanced disease in this study from a single ter-
tiary center, although other genetic and extrinsic factors might
also account for the difference in risk of DM between
populations. Insulin resistance is believed to be the link
between NAFLD and metabolic syndrome, but it remains unclear
whether hepatic steatosis is the cause or effect of metabolic syn-
drome.20 Nonetheless, the onset of these cardiovascular risk fac-
tors at such young age is of major concern, as metabolic
syndrome in children has been shown to increase the odds of
developing DM, atherosclerosis, and cardiovascular disease 14–
30 years later.21 Interestingly, we have also observed that one in
five patients in our cohort had OSA. Recent studies have
suggested that hypoxia related to OSA may promote progression
of NAFLD and may be independently associated with fibrosis
and NAFLD activity score in children.22,23 However, we had not
found any relationship between the presence of OSA and LSM
estimation, probably due to the lower prevalence of OSA in our
cohort.

VCTE is emerging to be an important noninvasive tool in
the assessment of disease severity in NAFLD and has been incor-
porated into the latest clinical practice guidelines for adults.24,25

Based on adult guidelines, LSM <8 kPa can be used to rule out
advanced fibrosis, LSM of 8–12 kPa may be associated with
fibrotic NASH, and LSM ≥12 kPa is associated with high likeli-
hood of advanced fibrosis.24 Recent pediatric studies have also
demonstrated that VCTE can accurately predict histologic fibro-
sis in children with NAFLD. Nobili et al. obtained LSM using
VCTE in 52 children with biopsy-proven NAFLD and reported
area under the receiver operating characteristic (AUROC) curve
for prediction of significant (≥F2) and advanced fibrosis (≥F3) of
0.992 and 1, respectively.26 LSM cut-off of ≥5, >7, and >9 kPa
have been proposed to rule-in “any” fibrosis (likelihood ratio, LR
5.923), significant fibrosis (LR 3.167), and advanced fibrosis
(LR 22.50), respectively.8,26 In another study comprising
206 pediatric participants, VCTE-derived LSM showed signifi-
cant correlation with fibrosis stage, and was best able to differen-
tiate between Ishak stage F0–F2 versus F3–F6, with AUROC of
0.7 specifically for the NAFLD group.27 The study also found
that CAP score positively correlated with steatosis grade, and a
score of ≥259 dB/m was predictive of hepatic steatosis grades 1–
3 with sensitivity of 94% and specificity of 91%.

Since 2019, VCTE has been performed as part of standard
clinical practice for patients with NAFLD at our unit. At the end
of the study period, over half of the patients who underwent
VCTE had a high likelihood of significant fibrosis, or worse.
Notably, the likelihood of advanced fibrosis was higher in
patients aged 16 years and above, with around half of this group
having LSM ≥9.1 kPa. The high proportion of patients with
advanced VCTE readings may be explained by the selection bias
resulting from the inclusion of patients from a tertiary hepatology
referral clinic rather than the general population of patients with
obesity managed by the general practitioner or pediatrician.

Table 4 Univariate comparison of clinical characteristics and biochemical features between patients who have increased likelihood of advanced
fibrosis based on LSM ≥9.1 kPa versus those who had LSM ≤9 kPa

Characteristics LSM ≤9.0 kPa (n = 44) LSM ≥9.1 kPa (n = 21) P-value

Mean age (years) 14.2 (2.86) 16.4 (1.89) 0.0018
Age ≥16 years 16 (36.3%) 17 (81.0%) 0.0008

Male gender 31 (70.5%) 16 (76.2%) 0.230
Mean BMI Z score 1.78 (0.68) 2.30 (0.76) 0.0082
Z score ≥1.64 (obese) 29 (65.9%) 19 (90.5%) 0.0370

DM/IGT 9 (20.5%) 12 (57.1%) 0.0033
Dyslipidemia 12 (27.3%) 11 (52.4%) 0.050
Hypertension 5 (11.4%) 6 (28.6%) 0.086
OSA 8 (18.2%) 6 (28.6%) 0.3444
Mean total bilirubin (μmol/L) 11.9 (7.45) 15.3 (12.41) 0.1766
Mean ALT (U/L) 115.6 (97.33) 190.0 (96.0) 0.0052
ALT >140 U/L 12 (27.3%) 14 (66.7%) 0.0026

Mean AST (U/L) 64.8 (52.88) 116.6 (68.78) 0.0015
AST >70 U/L 12 (27.3%) 16 (76.2%) 0.0002

Mean GGT (U/L) 56 (37.65) 84.0 (60.35) 0.0251
GGT >45 U/L 20 (45.5%) 16 (76.2%) 0.0207

Platelets (�109/L) 338 (101.5) 278 (77.9) 0.0194
Platelets <150 � 109/L 1 (2.3%) 1 (4.8%) 0.597

Positive autoantibody 7 (15.9%) 4 (19.0%) 0.7542

Data expressed in mean (standard deviation) or number (percentage).
ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DM, diabetes mellitus; IGT, impaired glucose tolerance; GGT,
gamma-glutamyltransferase; OSA, obstructive sleep apnoea.
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Patients in our cohort were more likely to have more severe bio-
chemical liver dysfunction, with nearly two-thirds of patients
having significantly raised ALT (≥80 U/L) associated with an
increased probability of NASH.6 Further research could be car-
ried out on possible genetic, environmental, and cultural factors
that may additionally impact on liver disease progression in chil-
dren with NAFLD in our population.

Nonetheless, pediatric NAFLD may be a more aggressive
disease as compared to adult NAFLD. Holterman et al. found
that severely obese adolescents had higher incidence of fibrosis
(83% vs 29%) and higher histologic NASH stage as compared to
their adult counterparts.28 Retrospective cohort studies have also
reported the presence of fibrosis in 59–85% of children who had
undergone liver biopsy, and progression of fibrosis stage was
commonly detected in those who had repeat biopsies.4,29 Repeat
liver biopsies from the control arms of two clinical trials, which
included 122 patients of whom 31% had definite NASH and
29% had at least stage 2 fibrosis, showed progression of histo-
logic disease (NASH and fibrosis stage) in 36% of patients over
a relatively short follow-up of 1.6 years.5 The study also reported
resolution of NAFLD only in three (2.4%) patients, which is not
different from our modest resolution rate of 6% despite BMI Z-
score reduction in nearly half of our patients.

Although uncommon, children may develop NASH cirrho-
sis leading to decompensated liver disease.30 This was the case in
a 16-year-old patient in our study with panhypopituitarism, an
important association with NASH,6 who eventually developed
ACLF and died from multiorgan failure. NASH cirrhosis has been
the most rapidly growing indication for LT in young adults in the
United States since 2002 with an annual increment of 14% each
year.31 Liver disease progression is associated with adolescent age
(≥13 years), higher waist circumference, high or rising ALT/AST/
GGT, dyslipidemia, and DM based on the study by Xanthakos
et al.5 Although our study did not interrogate longitudinal progres-
sion of liver disease, our findings have comparably found age,
high AST, and DM to be independent risk factors for elevated
LSM (≥9.1 kPa) and increased likelihood of advanced fibrosis.

Although adjunctive pharmacotherapy such as with vita-
min E had been used for some patients, at present there is no
licensed treatment for NAFLD in children, and our study was not
designed to evaluate the efficacy of these treatments.

The prevalence of overweight and obesity among children
and adolescents has been on the rise in Singapore and glob-
ally.32,33 As evident in our study, the increasing burden of
NAFLD in the pediatric population, the chronicity of the disease,
the propensity for liver disease progression, and the associated
morbidity from metabolic syndrome are worrying trends that will
have significant health implications and impact on healthcare uti-
lization of the young adult population in the near future. NAFLD
in children and young adults has been shown to be associated
with increased mortality rates from cancer as well as liver and
cardiometabolic causes.19 Management and prevention of obesity
and all its related complications must begin early in life and
beyond the confines of healthcare. Our educational institutions
must play a significant role in promoting healthy eating and
physical activity to our young from an early age. Policies may be
needed to limit the access of foods and beverages that are high in
fructose and simple sugars to not just children but adults as well.
Early screening for metabolic complications in children and

adults at risk may lead to early intervention and positive change
in dietary and lifestyle habits in the entire family unit.

We acknowledge several limitations of this study, includ-
ing the inherent bias due to the retrospective nature of data col-
lection, patient selection bias, and relatively high number of
patients that were lost to follow-up. VCTE was available at our
center only from 2019, hence only a segment of our cohort had
this test performed. We were also unable to correlate VCTE
results with histology, as liver biopsies were limited to only six
patients owing to the reluctance to routinely perform this inva-
sive procedure in our young patient cohort. Although our study
is unable to provide data on the true prevalence, it still represents
the largest cohort of pediatric NAFLD in the country and the
findings can provide important insights into the clinical and epi-
demiological trends in pediatric NAFLD in Singapore and the
Southeast Asian region.

Conclusion
Incidence of NAFLD in children has increased dramatically in
Singapore over the past two decades, with many patients also
developing metabolic and cardiovascular comorbidities associ-
ated with obesity. Pediatric NAFLD is a chronic and progressive
liver disorder and may be associated with substantial risk of
development of advanced hepatic fibrosis by late adolescence.

Ethics statement
Singhealth Centralized Institutional Review Board (CIRB
2018/2263) has approved waiver of patient consent for the study.
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