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Metabolic dysfunction-associated steatotic liver disease (MASLD)
is the most common cause of chronic liver disease in children and
adolescents worldwide."? Presentation of MASLD ranges in severity,
including isolated steatosis and metabolic dysfunction-associated
steatohepatitis (MASH), defined
histologically by hepatic steatosis
and inflammation, and severe,
progressive liver fibrosis. MASLD
CME at jamacmelookup.com is typically asymptomatic, but
early diagnosis is important because MASLD is potentially reversible
with lifestyle modifications and may be associated with improved he-
patic and extrahepatic cardiometabolic outcomes.
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Epidemiology and Risk Factors

Based on a population-based autopsy analysis of 742 US children who
died of accidental causes, the histological prevalence of MASLD was
9.6% among children aged 2 to 19 years.® MASLD prevalence in-
creased with age (0.7% at 2-4 years, 3.3% at 5-9 years, 11.3% at 10-14
years, and 17.3% at 15-19 years), was higher in boys (11.1%) than girls
(7.9%), and was significantly higher in those with obesity (38%).
Histologically defined MASH is more common in children with obe-
sity and more severe metabolic dysfunction."? In a cross-sectional
study of 242 US children with severe obesity (mean body mass in-
dex [BMI] of 51.6 [calculated as weight in kilograms divided by height
in meters squared]) undergoing bariatric surgery, 59% had histo-
logical evidence of MASLD, and 35% of those patients had border-
line or definite MASH.* In a population-based cohort study of 6083
US adolescents, the overall prevalence of MASLD, detected by el-
evated serum alanine aminotransferase (ALT) levels, was 16.5%, with
asignificantly higher rate in those with obesity (39.5%).° However,
MASLD can affect children and adolescents without overweight or
obesity (usually <10% of cases in Western countries)."

Similar to MASLD in adults,® MASLD in children and adoles-
centsis associated with greater consumption of ultra-processed, en-
ergy-dense foods and sugar-sweetened beverages and metabolic
disorders, including abdominal adiposity, insulin resistance, type 2
diabetes, increased blood pressure, and hyperlipidemia, which may
increase the long-term risk of cardiovascular disease."? Ina prospec-
tive cohort study of 892 US children with obesity and biopsy-
confirmed MASLD (mean age, 13 years; mean BMI, 32), 63 of 892
(7%) had type 2 diabetes at baseline and an additional 97 (11%) de-
veloped type 2 diabetes during 3.8 years of follow-up.”

Screening

American Association for the Study of Liver Diseases (AASLD)
guidelines' recommend screening for MASLD with annual measure-
ment of serum ALT level starting at age 10 years in children with
obesity, defined as a BMI at or above the 95th percentile com-
pared with sex- and age-matched children; in children with over-
weight, defined as BMI in the 85th to 95th percentile for sex- and
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Table. Criteria for Diagnosis of MASLD in Children and Adolescents

Criterion Definition
Hepatic steatosis  Imaging methods (abdominal ultrasonography or, ideally,
(required) MRI-PDFF =5% hepatic fat fraction) or liver histology

demonstrating hepatic steatosis in 25% hepatocytes
At least 1 of the following cardiometabolic criteria

Elevated BMI or BMI 285th percentile for age and sex (z score 21) or waist
waist circumference 295th (ethnicity-adjusted) percentile
circumference

Prediabetes or
type 2 diabetes

Fasting glucose 25.6 mmol/L (2100 mg/dL), random
glucose 211.1 mmol/L (2200 mg/dL), 2-hour postload
glucose 27.8 mmol/L (2140 mg/dL), diagnosis of type 2
diabetes, or glucose-lowering treatment

<13 y: BP 295th percentile or 2130/80 mm Hg

(whichever is lower); 213 y: BP 2130/85 mm Hg or
antihypertensive treatment

<10 y: Plasma triglycerides 21.15 mmol/L (2100 mg/dL);
>10y: plasma triglycerides 21.7 mmol/L (=150 mg/dL)
or lipid-lowering treatment

Plasma HDL <1.0 mmol/L (<40 mg/dL) or
lipid-lowering treatment

Hypertension

Increased plasma
triglycerides

Low plasma HDL
cholesterol

Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density
lipoprotein cholesterol; MASLD, metabolic dysfunction-associated steatotic liver
disease; MRI-PDFF, magnetic resonance imaging proton density fat fraction.

age-matched children plus at least 1 cardiometabolic risk factor such
as hyperlipidemia, elevated blood pressure, or prediabetes/
diabetes; and in children with a family history of MASLD. Screening
for MASLD may be considered in children younger than 10 years with
cardiometabolic risk factors, particularly insulin resistance, type 2
diabetes, or hyperlipidemia, even if they do not have overweight or
obesity.' Imaging is not recommended as a screening test for pedi-
atricor adolescent MASLD."? However, guidelines recommend that
children and adolescents with incidentally detected hepatic steato-
sis on imaging undergo serum ALT testing."? Asymptomatic chil-
dren and adolescents with serum ALT levels less than 2 times the
upper limit of normal (ULN) should undergo repeat ALT testing within
3 months; those with higher ALT (>2 times the ULN) or persistently
elevated ALT levels for more than 3 months should be evaluated by
a hepatologist."? Sex-specific serum ALT thresholds (ALT >22 U/L
for females; ALT >26 U/L for males) have a specificity of 92% to 96%
for the diagnosis of MASLD but only 32% to 48% overall sensitivity,
compared with magnetic resonance imaging proton density fat frac-
tion (MRI-PDFF) as the reference standard.®

Diagnosis

The diagnosis of MASLD is made based on presence of hepatic ste-
atosis (confirmed by ultrasonography or, ideally, MRI-PDFF =5% or
histology) in children and adolescents with at least 1 cardiometa-
bolic risk factor (Table).! However, ultrasonography has only 50%
to 65% sensitivity in detecting mild hepatic steatosis.' Controlled
attenuation parameter, measured with vibration-controlled tran-
sient elastography, has not been validated for diagnosis of pediat-
ric or adolescent MASLD."
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Children and adolescents with overweight or obesity and sus-
pected MASLD who have no concerning features for decompen-
sated liver disease, such as hypoglycemia, splenomegaly, or jaun-
dice, should be assessed for cardiometabolic risk factors and undergo
a limited evaluation to exclude alternative diagnoses (Wilson dis-
ease, celiacdisease, and hypothyroidism). Conversely, those with con-
cerning features should be referred to a hepatologist.? Children and
adolescents with suspected MASLD who do not have overweight or
obesity should be assessed for viral hepatitis B and C, autoimmune
liver disease, Wilson disease, celiac disease, hypothyroidism, and al-
pha-1 antitrypsin deficiency."? After these diagnoses have been ex-
cluded, the diagnosis of MASLD among children and adolescents with-
out overweight or obesity should be made by a hepatologist.?

Liver biopsy is recommended for children and adolescents with
persistently elevated ALT levels (=2 times the ULN), ALT greater than
or equal to 3 times the ULN or splenomegaly, or positive autoanti-
bodies (eg, high-titer antismooth muscle antibody) or elevated IgG,
which suggest autoimmune hepatitis."2

Management
Healthy diet and regular exercise (aerobic or resistance exercise at
least 3 times per week for a total of 420 minutes) are guideline-
recommended treatments for pediatricand adolescent MASLD. Al-
though data are insufficient to recommend any specific diet, reducing
added sugars and avoiding sugar-sweetened beverages may decrease
hepaticsteatosis and serumaminotransferase levels; these dietary mea-
sures are recommended for all children and adolescents with MASLD. "2
No pharmacotherapy is currently approved for pediatric or ado-
lescent MASLD or MASH."2 Some adolescents (aged =12 years) with
MASLD meet criteria for incretin-based therapy (eg, semaglutide)
based on BMI (=95th percentile). However, studies have not evalu-
ated incretin-based therapy for MASLD.

Data are limited on the efficacy of bariatric surgery for pediat-
ric or adolescent MASLD."2 Bariatric surgery may be considered for
children with severe obesity (BMI =120% of the 95th percentile plus
metabolic comorbidities) and for those with biopsy-confirmed
MASH, especially stage 2 to 3 liver fibrosis, but its safety in those with
cirrhosis is unknown.?

Prognosis

Analyses of 339 US children who underwent sequential liver biop-
sies for MASLD as part of placebo groups in 2 clinical trials, and of a
separate cohort of 478 children with biopsy-proven MASLD, re-
ported that over 2 years, approximately 25% had increased he-
patic inflammation and/or fibrosis, approximately 50% remained
stable, and approximately 25% improved.® Factors associated with
MASLD histologic improvement included weight loss, reductions in
circulating total cholesterol, glucose and liver enzyme levels, and im-
proved insulin resistance.">° In aretrospective cohort study of 1096
US children (mean age, 13 years; 67% males; mean BMI, 32) with
biopsy-confirmed MASLD, 36% developed hyperlipidemia (inci-
dencerate, 36.6 per 1000 person-years), 7% developed type 2 dia-
betes (9.1 per 1000 person-years), 4.7% developed cirrhosis (5.7 per
1000 person-years), and 3.4% died (mortality rate of 4 per 1000
person-years; nearly half of these deaths were liver-related) over
amean follow-up of 8.5 years.'®

Conclusions

MASLD is the leading cause of chronic liver disease among children
and adolescents worldwide. Recommended treatment includes
weight-reducing dietary modifications (eg, avoiding ultra-
processed, energy-dense foods and sugar-sweetened beverages)
and regular physical activity, which may decrease hepatic steatosis
and inflammation.
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