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Abstract
Recently, an expert panel proposed diagnostic criteria for metabolic 
dysfunction– associated fatty liver disease (MAFLD) in the pediatric population. 
The aim of this study was to evaluate the prevalence of MAFLD among US 
adolescents and to investigate whether the new MAFLD definition is able to 
identify individuals with more advanced liver disease. We analyzed data from 
participants 12– 18 years old included in the 2017– 2020 cycles of the National 
Health and Nutrition Examination Survey, a large survey aimed at including 
individuals representative of the non- institutionalized general US population. 
Participants with a complete vibration- controlled transient elastography exam 
were included. Steatosis was evaluated through the median controlled attenua-
tion parameter (CAP) and fibrosis through median liver stiffness measurement 
(LSM). Recently proposed criteria for the diagnosis of MAFLD were applied. 
Multivariable logistic regression analysis was performed to evaluate the im-
pact of the new MAFLD definition on the odds of significant liver fibrosis. We 
included a total of 1446 adolescents (mean age: 14.9 years; 52.0% male; 47.3% 
overweight or obese). No participant reported a previous history of viral hepati-
tis. Steatosis (CAP ≥ 248 dB/m) was present in 25.9% (95% confidence interval 
[CI] 23.3– 28.9) of individuals, and among these, 87.7% met the MAFLD cri-
teria. Only 22.9% of patients with steatosis had elevated alanine aminotrans-
ferase levels. Among participants with steatosis, prevalence of significant liver 
fibrosis (LSM ≥ 7.4 kPa) did not differ significantly according to whether they 
met MAFLD criteria (9.7% vs. 15.2%, p = 0.276). In the multivariable model, 
odds of significant fibrosis did not differ significantly between these two groups. 
MAFLD criteria are met by most US adolescents with elastographic evidence 
of steatosis. Nonetheless, these criteria do not appear to improve detection 
of subjects with more advanced liver disease. Further longitudinal studies are 
needed to evaluate whether metabolic dysfunction is associated with faster 
progression toward inflammation, fibrosis, and liver- related events.
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INTRODUCTION

Fatty liver disease has been increasing in prevalence 
among children and adolescents in the United States in 
the last two decades, and has become the most com-
mon cause of chronic liver disease in this age group.[1,2] 
While estimates vary by method of detection, previous 
studies reported a prevalence of about 10% in the gen-
eral US population[3] and up to 29%– 38% in obese chil-
dren.[4,5] Similarly to guidelines directed to adults,[6] the 
North American Society for Pediatric Gastroenterology, 
Hepatology and Nutrition (NASPGHAN) guidelines de-
fine nonalcoholic fatty liver disease (NAFLD) as a di-
agnosis of exclusion that can be made in the setting 
of chronic hepatic steatosis in the absence of genetic 
or metabolic disorders, infections, use of steatogenic 
medications, ethanol consumption, or malnutrition.[7]

In 2020, an international expert consensus panel 
suggested a redefinition of adult fatty liver disease 
and a switch from NAFLD (a diagnosis of exclusion) to 
metabolic dysfunction– associated fatty liver disease 
(MAFLD) and provided a set of positive diagnostic cri-
teria.[8] This change aimed to recognize the dominant 
role of metabolic dysfunction in the development and 
progression of fatty liver disease[9] and to abandon a 
notion of a precise threshold for harmful alcohol con-
sumption. The new definition has been endorsed by 
multiple liver organizations worldwide,[10,11] with some 
studies showing that it also performs better in identifying 
patients with significant or advanced liver fibrosis.[12– 14]

More recently, Eslam et al. proposed similar (al-
though not identical) criteria for diagnosing MAFLD in 
children and adolescents, as both similarities and dif-
ferences exist in the causes, natural history, and prog-
nosis of fatty liver diseases in children compared with 
adults.[15]

In this context, the current study aims to evaluate the 
prevalence of MAFLD in adolescents from the general 
US population, as well as to investigate whether MAFLD 
criteria are able to identify participants with more ad-
vanced liver disease. To achieve these goals, we an-
alyzed data from adolescents who participated in the 
2017– 2020 cycles of the National Health and Nutrition 
Examination Survey (NHANES) and were evaluated by 
vibration- controlled transient elastography (VCTE).

METHODS

Study design and population

The present study represents an analysis of data from 
the 2017 to 2020 cycles of NHANES, which is con-
ducted in the United States by the National Center for 
Health Statistics (NCHS), part of the Center for Disease 
Control and Prevention. NHANES is a cross- sectional 
survey program that uses a stratified, multistage, 

clustered probability sampling design to include individ-
uals representative of the general, non- institutionalized 
population aged ≥2 months. Full methodology of data 
collection is available at the NHANES website.[16] The 
survey consists of a structured interview conducted in 
the participant home, followed by a standardized health 
examination that includes a physical examination as 
well as laboratory tests, which are performed at a mo-
bile examination center (MEC). The original survey was 
approved by the NCHS Research Ethics Review Board; 
written informed consent was obtained from the guard-
ians of participants <18 years of age; and assent was 
obtained from those aged 12 to 17 years. The present 
analysis was deemed exempt by the institutional review 
board at our institution, as the data set used in the anal-
ysis was completely de- identified.

The coronavirus disease 2019 pandemic required 
suspension of the NHANES 2019– 2020 field opera-
tions in March 2020. Therefore, the partial 2019– 2020 
data were combined with the full data set from the pre-
vious cycle (2017– 2018) to create nationally represen-
tative 2017– March 2020 pre- pandemic data files. All 
analyses reported in this study were performed accord-
ing to specific guidance from the NCHS.[17]

A total of 15,560 individuals participated in the 2017– 
2020 NHANES cycles. The study population for the 
current analysis consisted of adolescents aged 12– 18 
(n = 1774). Participants who did not attend a MEC ex-
amination (n = 115) or who did not have a reliable VCTE 
exam (n = 213) were excluded from the analysis, lead-
ing to a final study sample of 1446 subjects (Figure 1).

Laboratory tests and clinical data

Participants (or proxies for participants <16 years) 
self- reported age, sex, race- ethnicity (categorized as 
non- Hispanic White, non- Hispanic Black, Hispanic, 
or other), and previous medical history. Body meas-
urements including height (centimeters), weight (kilo-
grams), and waist circumference (centimeters) were 
ascertained during the MEC visit; body mass index 

F I G U R E  1  Flow chart of the study participants. Abbreviations: 
MEC, mobile examination center; NHANES, National Health and 
Nutrition Examination Survey
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(BMI) was calculated as weight in kilograms divided by 
height in meters squared.

Following the new MAFLD diagnostic criteria,[15] 
presence of overweight or obesity was defined as a 
BMI > 1 SD above the World Health Organization growth 
reference median (which translates into a BMI > 25 kg/
m2 in adults[18]) or as a waist circumference >90th per-
centile for age and sex.[19]

After measuring upper- arm circumference to guide se-
lection of cuff size and resting quietly in a seated position 
for 5 min, three consecutive blood pressure (BP) measure-
ments were taken 60 s apart using a digital upper- arm 
electronic measurement device (Omron HEM– 907X)L. A 
previous study performed on the 2017– 2018 cycle showed 
high concordance between measurements obtained with 
this device compared with a mercury sphygmomanome-
ter.[20] The mean of the three measurements was consid-
ered the representative value for the current study.

Elevated BP was defined as a systolic BP 
(SBP) > 130 mm Hg and/or a diastolic BP (DBP) > 85 mm 
Hg.[15] Prediabetes and diabetes were defined as fol-
lows, in accordance with international guidelines[21]: 
(1) a previous diagnosis of diabetes; (2) a Hemoglobin 
A1c (HbA1c) level ≥ 5.7% (48 mmol/mol); or (3) a fasting 
plasma glucose ≥ 100 mg/dl.

Laboratory methods for measurements of HbA1c, 
glucose, lipid profile, alanine aminotransferase (ALT), 
and aspartate aminotransferase (AST) are reported in 
detail elsewhere.[22] ALT levels were considered ele-
vated if ≥22 IU/L in females and ≥26 IU/L in males, as 
suggested by the NASPGHAN guidelines.[7]

Presence of viral hepatitis was reported by participants 
or proxies. In adolescents from the 2017– 2018 cycles, 
hepatitis B surface antigen and hepatitis C virus antibod-
ies were also measured. No participants self- reported or 
tested positive for either hepatitis B or hepatitis C.[23]

VCTE

In the 2017– 2020 cycles, VCTE was performed by 
NHANES technicians after a 2- day training program 
with an expert technician, using the FibroScan model 
502 V2 Touch (Echosens, Paris, France) equipped with 
medium (M) and extra- large (XL) probes. Interrater reli-
ability between health technicians and expert FibroScan 
technicians (tested on 32 subjects) was 0.86 for stiff-
ness (mean difference 0.44 ± 1.3 KPa) and 0.94 for con-
trolled attenuation parameter (CAP) (mean difference 
4.5 ± 19.8 db/m). The M probe was used initially unless 
the machine indicated use of the XL probe. All par-
ticipants aged 12 years and over were eligible with the 
exception of those who were unable to lie down, were 
currently pregnant, had an implanted electronic medical 
device, or had lesions where measurements would be 
taken. Only patients with complete exams (i.e., fasting 
time of at least 3 h, 10 or more complete stiffness [E] 

measurements, and a liver stiffness interquartile range/
median E < 30%) were included in the present analysis. 
In the absence of a clear indication from international 
guidelines, a median CAP score ≥ 248 dB/m was consid-
ered indicative of steatosis, as it showed a good per-
formance in a recent individual patient meta- analysis.[24]

Cutoffs for liver stiffness were obtained from previ-
ous studies. A cutoff of 7.4 KPa showed good perfor-
mance in identifying ≥ F2 fibrosis in a previous study 
by Nobili et al. when compared with liver biopsy.[25] The 
same group later reported a higher cutoff of 8.6 KPa.[26] 
Finally, we also applied the cutoff of 8.0 kPa, derived 
from a large study performed in adults.[27]

MAFLD definition

In accordance with the recent consensus, MAFLD was 
diagnosed in the presence of steatosis (evaluated by 
CAP) plus at least one of the following criteria: over-
weight/obesity (as previously specified), prediabetes 
or diabetes (as previously specified), and at least two 
metabolic abnormalities.[15] Metabolic abnormalities 
included elevated BP (as previously specified), triglyc-
eride levels ≥ 150 mg/dl, high- density lipoprotein (HDL) 
cholesterol levels < 40 mg/dL, and triglycerides- to- HDL 
cholesterol ratio > 2.25 (while adult MAFLD criteria 
were applied for adolescents 16 years and older).

Statistical analysis

All analyses were conducted using Stata version 16 
(Stata Corp, College Station, TX), accounting for the 
complex survey design of NHANES. We used appro-
priate weighting for each analysis, as suggested by the 
NCHS. Data are expressed as numbers and weighted 
proportions for categorical variables and as weighted 
means ± SEM for continuous variables.

Participants' characteristics were compared using lin-
ear regression for continuous variables and the design- 
adjusted Rao- Scott chi- square test for categorical 
variables. Multivariable logistic regression analysis was 
performed to evaluate the effect of meeting MAFLD crite-
ria on the odds of significant liver fibrosis, estimated by an 
elevated liver stiffness measurement (LSM). A two- tailed 
value of p < 0.05 was considered statistically significant.

RESULTS

Features of participants with and without 
steatosis

Clinical and metabolic features of the 1446 study par-
ticipants according to the presence or absence of stea-
tosis are found in Table 1. Mean age was 14.9 years, 
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52.0% (95% confidence interval [CI] 46.6– 57.4) were 
male, and 47.3% (95% CI 42.4– 52.3) were overweight 
or obese. Steatosis was present in 389 participants 
(weighted prevalence 25.9%, 95% CI 23.3– 28.9). 
Distribution of LSM values in the entire population is 
shown in Figure 2.

Participants with steatosis were significantly older, 
more frequently overweight or obese (84.6% vs. 
34.3%, p < 0.001), and of Hispanic origin (33.2.2% 

vs. 21.4%, p = 0.002), with no significant differences 
found in sex distribution. They came from families 
with a lower income to poverty ratio. Patients with ste-
atosis were also characterized by a generally worse 
metabolic profile, demonstrated by lower HDL choles-
terol, higher triglyceride levels, higher SBP and DBP 
levels (although no significant difference was found in 
the prevalence of elevated BP), and a higher preva-
lence of prediabetes or diabetes. From a liver- related 

TA B L E  1  Clinical features of the study population according to the presence or absence of steatosis assessed through CAP values

CAP < 248 dB/m (n = 1057) CAP ≥ 248 dB/m (n = 389)

pN or mean % or SEM N or mean % or SEM

Age (years) 14.9 (0.1) 15.2 (0.1) 0.034

BMI (kg/m2) 22.1 (0.2) 29.7 (0.4) <0.001

Waist circumference (cm) 76.9 (0.4) 96.1 (1.0) <0.001

Triglycerides (mg/dl) 85.7 (1.8) 108.0 (3.4) <0.001

Direct HDL cholesterol (mg/dl) 53.4 (0.5) 47.6 (0.6) <0.001

AST (IU/L) 19.2 (0.3) 20.9 (0.5) 0.006

ALT (IU/L) 14.2 (0.3) 21.9 (1.0) <0.001

SBP (mm Hg) 108.0 (0.4) 109.4 (0.6) 0.025

DBP (mm Hg) 63.1 (0.3) 66.5 (0.5) <0.001

Ratio of family income to poverty 2.8 (0.1) 2.4 (0.1) 0.002

Sex (%) 0.322

Male 538 51.0% 215 55.3%

Female 518 49.0% 174 44.7%

Race- ethnicity (%) 0.002

Non- Hispanic White 570 54.0% 178 45.8%

Hispanic 226 21.4% 129 33.2%

Non- Hispanic Black 142 13.5% 42 10.7%

Non- Hispanic Asian 54 5.1% 15 3.9%

Other 63 6.0% 24 6.3%

Overweight (%) 242 25.0% 84 27.1% 0.234

Obese (%) 120 9.3% 245 57.5% <0.001

Prediabetes or diabetes (%) 188 17.8% 97 24.9% 0.013

Elevated BP (%) 20 1.9% 10 2.6% 0.546

Elevated triglycerides (%) 62 5.9% 63 16.1% <0.001

Low HDL (%) 93 8.8% 80 20.5% <0.001

High triglyceride/HDL ratio (%) 177 16.7% 135 34.6% <0.001

Elevated ALT (%) 60 5.6% 89 22.9% <0.001

ALT > 2× ULN (%) 7 0.7% 22 5.4% <0.001

ALT > 80 U/L 0 0.0% 4 1.4% 0.005

LSM ≥ 7.4 kPa 36 3.4% 40 10.4% 0.001

LSM ≥ 8.6 kPa 19 1.8% 23 5.9% 0.020

LSM ≥ 8.0 kPa 24 2.3% 26 6.6% 0.025

Meeting MAFLD criteria (%) 0 0.0% 341 87.7% <0.001

Note: Data are expressed as numbers and weighted proportions for categorical variables and as weighted means and SEM for continuous variables. Linear 
regression and Rao- Scott chi- square test were used to compare distributions of continuous and categorical variables across groups, respectively. Alanine 
aminotransferase (ALT) levels were considered elevated if >22 UI/L in females and >26 UI/L in males.
Abbreviations: AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; HDL, high- density lipoprotein; 
MAFLD, metabolic dysfunction– associated fatty liver disease; SBP, systolic blood pressure; ULN, upper limit of normal.
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standpoint, both AST and ALT levels were higher in 
patients with MAFLD. Nonetheless, only 22.9% had 
elevated ALT levels according to the NASPGHAN 
guidelines. Participants with steatosis showed a 
higher prevalence of elevated LSM levels, indicative 
of significant fibrosis, regardless of the specific cutoff 
used. Prevalence of significant liver fibrosis increased 
significantly with increasing CAP values, as shown in 
Figure 3. Features of participants with LSM > 12 kPa, 
indicative of more advanced liver fibrosis, are pro-
vided in Table S3.

Features of participants with steatosis 
according to the presence of MAFLD

Among participants with elastographic evidence of ste-
atosis, 346 (87.7%, 95% CI 82.8– 91.3) met the MAFLD 
criteria. The criterion most frequently met was over-
weight/obesity (84.6%, 95% CI 80.0– 88.3). Clinical 
and laboratory features of participants with steatosis 
according to the presence or absence of MAFLD are 
given in Table 2.

Mean age and family income to poverty ratio were 
not significantly different between the two groups. As 
required by diagnostic criteria, participants without 
MAFLD were normal weight (mean BMI = 20.4 kg/
m2), without prediabetes or diabetes. Few of them 
met any metabolic derangement criteria, the most 
frequent being an elevated triglyceride/HDL ratio 
(4.1%). From a liver- related standpoint, participants 
meeting the MAFLD criteria had higher ALT lev-
els (and a higher proportion met the NASPGHAN 
threshold for elevated ALT), while AST did not differ 
significantly. On the other hand, no significant dif-
ference was found between the two groups in the 
prevalence of elevated LSM levels, regardless of the 
specific cutoff used.

Multivariable logistic regression analysis

We performed a multivariable logistic regression 
model to identify independent variables associated 
with significant liver fibrosis (LSM ≥ 8 kPa). Results of 
the analysis are found in Table 3. Female sex was as-
sociated with a borderline- significant reduction in the 
odds of liver fibrosis, whereas non- Hispanic Black 
adolescents had higher odds compared with non- 
Hispanic Whites. In this analysis, compared to partici-
pants without steatosis, odds of having elevated LSM 
were similarly elevated in those with steatosis who did 
not meet the MAFLD criteria (odds ratio [OR] 3.74, 
95% CI 1.00– 13.91, p = 0.50) and those who did (OR 
2.93, 95% CI 1.12– 7.66, p = 0.030). Results were con-
sistent when cutoffs of 7.4 kPa or 8.6 kPa were applied 
(Tables S1 and S2).

DISCUSSION

While several studies investigated epidemiological im-
plications of introducing MAFLD criteria in adults, this 
study reports the prevalence of MAFLD in adolescents 
from the general US population, as well as investigates 
whether MAFLD criteria are able to identify participants 
with more advanced liver disease (such as significant 
fibrosis) in this age group.

We made a series of observations. First, prev-
alence of steatosis is high in US adolescents, as 
previously reported.[23] Second, MAFLD criteria are 
met by most adolescents with elastographic evi-
dence of steatosis (~90%), with overweight or obesity 
being the most frequently met criterium. Third, most 

F I G U R E  2  Distribution of liver stiffness measurement (LSM) 
values in the study population

F I G U R E  3  Prevalence of significant liver fibrosis (LSM 
≥ 7.4 kPa) according to controlled attenuation parameter (CAP) 
values in the studied population



   | 2075CIARDULLO et al.

adolescents with MAFLD have ALT levels within the 
normal range, making this a test with low sensitivity. 
Fourth, the prevalence of significant liver fibrosis did 
not differ significantly between participants with ste-
atosis according to whether they met MAFLD diag-
nostic criteria.

Evidence in the literature supports the notion that 
metabolic dysfunction is a key determinant of dis-
ease pathogenesis and progression.[28] In particular, 
several cross- sectional studies identified obesity as 
a major risk factor for fatty liver disease, as its esti-
mated prevalence among obese children is 36%.[29] 
Our data confirm these findings, as almost 90% of 
adolescents with steatosis were either overweight 

or obese. Conversely, data from prospective studies 
looking at histological progression and hard clinical 
outcomes in the pediatric population are much more 
limited. A recent cohort study performed on 44,248 
late adolescent men (aged 18– 20 years) conscribed 
to military service in Sweden in 1969– 1979 showed 
that, after adjustment for confounders, being over-
weight increased the risk of experiencing liver- related 
events during a mean follow- up period of 37.8 years 
(hazard ratio = 1.64 for BMI 25– 30 compared with 
BMI 18.5– 22.5, 95% CI 1.16– 2.32, p = 0.006).[30] 
Given that we report cross- sectional rather than lon-
gitudinal associations, it is possible that adolescents 
with MAFLD, who have worse metabolic health and 

TA B L E  2  Clinical features of adolescents with elastographic evidence of steatosis according to whether they met the MAFLD 
diagnostic criteria

MAFLD− (n = 43) MAFLD+ (n = 346)

pN or mean % or SEM N or mean % or SEM

Age (years) 14.8 (0.3) 15.2 (0.1) 0.316

BMI (kg/m2) 20.4 (0.4) 31.0 (0.4) <0.001

Waist circumference (cm) 72.4 (0.9) 99.5 (1.0) <0.001

Triglycerides (mg/dl) 71.7 (3.7) 112.7 (3.8) <0.001

HDL cholesterol (mg/dl) 58.3 (1.7) 46.1 (0.6) <0.001

AST (IU/L) 19.3 (0.9) 21.1 (0.5) 0.106

ALT (IU/L) 13.5 (1.0) 23.0 (1.1) <0.001

SBP (mm Hg) 111.0 (1.4) 109.2 (0.7) 0.306

DBP (mm Hg) 63.0 (1.1) 67.0 (0.5) 0.033

Ratio of family income to poverty 2.8 (0.3) 2.3 (0.1) 0.250

Sex (%) 0.809

Male 23 52.7% 193 55.7%

Female 20 47.3% 153 44.3%

Race- ethnicity (%) 0.297

Non- Hispanic White 22 51.8% 156 45.0%

Hispanic 8 19.6% 122 35.1%

Non- Hispanic Black 8 17.5% 34 9.8%

Non- Hispanic Asian 1 2.4% 14 4.1%

Other 4 8.6% 21 6.0%

Overweight or obesity (%) 0 0.0% 334 96.6% <0.001

Prediabetes or diabetes (%) 0 0.0% 98 28.4% 0.001

Elevated BP (%) 0 0.0% 10 3.0% 0.296

Elevated triglycerides (%) 0 0.0% 64 18.4% 0.005

Low HDL levels (%) 1 0.7% 81 23.3% <0.001

High triglyceride/HDL ratio (%) 2 4.1% 135 38.9% <0.001

Elevated ALT (%) 3 5.9% 87 25.3% 0.011

LSM ≥ 7.4 kPa 7 15.2% 34 9.7% 0.276

LSM ≥ 8.6 kPa 4 8.4% 19 5.6% 0.333

LSM ≥ 8.0 kPa 4 8.4% 22 6.4% 0.501

Note: Data are expressed as numbers and weighted proportions for categorical variables and as weighted means and SEM for continuous variables. Linear 
regression and Rao- Scott chi- square test were used to compare distributions of continuous and categorical variables across groups, respectively. ALT levels 
were considered elevated if >22 UI/L in females and >26 UI/L in males.
Abbreviation: BP, blood pressure.
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a very high prevalence of overweight/obesity, might 
not have had the time to show a higher prevalence of 
fibrosis, but might still be at higher risk of liver- related 
events in their lifetime.

On the other hand, recent data also appear to sug-
gest that a BMI- centered approach may not be com-
pletely justified. In a study including 1339 Caucasian 
patients with biopsy- proven NAFLD followed for 
7.8 years, lean individuals had a similar risk of experi-
encing a liver- related event compared with their over-
weight and obese counterparts.[31]

Although the main rationale for the recent definition 
of MAFLD was to recognize the fundamental associa-
tion between liver steatosis and metabolic health and 
providing positive rather than negative criteria, its use-
fulness in clinical practice would be even more relevant 
if it helped identify patients at higher risk of progres-
sion. Elucidating the most effective modality to screen 
for liver steatosis in children is a complex task. As al-
ready described in the literature and confirmed in the 
current analysis, relying on ALT levels is problematic, 
as most individuals with MAFLD and even significant 
fibrosis have normal levels.[32] In the absence of well- 
performing noninvasive and widely available tools to 
identify steatohepatitis, current strategies are aimed 
at excluding the presence of significant liver fibrosis, 
based on abundant evidence coming from studies per-
formed in the adult population showing that fibrosis 
stage is the main predictor of liver- related events.[33,34]

While most blood- based noninvasive scores do not 
appear to perform well in children and adolescents,[35] 
VCTE is a promising technique in this target popula-
tion. In our study, 6%– 10% of adolescents with steato-
sis had liver stiffness values indicative of significant 
fibrosis (depending on the specific cutoff used). These 

results are disconcerting, as in a similar population 
study by Abeysekera et al. conducted in the United 
Kingdom on 3600 young adults (mean age = 24 years), 
the authors[36] reported a prevalence significant fibro-
sis (LSM ≥ 7.9 KPa) of 2.7%. Although several differ-
ences exist between the aforementioned study and the 
current one, our estimates suggest that prevalence is 
significantly higher in the United States, raising consid-
erable concerns for the number of liver- related events 
in the upcoming decades.

While MAFLD criteria did not appear to identify the 
subgroup of participants with significant fibrosis in our 
study, evidence from longitudinal studies will be crucial 
to assess their ability to predict liver- related events, the 
most significant hard clinical outcome.

Several limitations of our study should be men-
tioned. First, while VCTE has been widely validated in 
its ability to identify F3- F4 fibrosis in adult patients, few 
studies evaluated its performance in adolescents spe-
cifically and caution should be used when interpreting 
results in this setting. Second, data were not available 
on rarer causes of liver disease (including single gene 
defects, celiac disease, hereditary fructose intoler-
ance, or Wilson disease), preventing us from identifying 
type 1 fatty liver disease as well as on alcohol intake, 
a factor that may have contributed to some extent to 
the development of fibrosis, as studies have shown 
that alcohol consumption (and especially binge drink-
ing) is not uncommon among adolescents. Although 
these data could have helped us shed some light on 
concomitant causes of significant liver fibrosis both in 
participants with and without MAFLD, it is highly likely 
that the number of subjects suffering from metabolic or 
genetic disorders would have been extremely limited, 
and exclusion of these conditions is not essential given 
the positive diagnostic criteria for MAFLD.[37] Third, 
the relatively low number of patients with significant fi-
brosis made it difficult to assess the effect of multiple 
variables, because of relatively low statistical power 
leading to large confidence intervals. It is therefore 
possible that a larger sample size might have enabled 
us to detect a difference in the prevalence of significant 
fibrosis between patients with and without MAFLD. 
Finally, even if the agreement between NHANES and 
FibroScan technicians was good, previous studies 
suggested that more prolonged training in performing 
VCTE might result in more accurate results.[38]

In conclusion, this study shows that MAFLD criteria are 
met by most US adolescents with elastographic evidence 
of steatosis (~90%), with overweight or obesity being the 
most important contributor. Nonetheless, the prevalence 
of significant liver fibrosis did not differ significantly be-
tween participants with steatosis according to whether 
they met MAFLD diagnostic criteria. Further longitudinal 
studies are needed to evaluate whether metabolic dys-
function is associated with faster progression toward in-
flammation and fibrosis in the pediatric population.

TA B L E  3  Logistic regression analysis evaluating the 
association between liver steatosis, MAFLD, and significant liver 
fibrosis (LSM ≥ 8 kPa) in the studied population

LSM ≥ 8 kPa

OR 95% CI p

Steatosis- MAFLD

No steatosis 1.0

Steatosis without MAFLD 3.74 1.00– 13.91 0.050

Steatosis with MAFLD 2.93 1.12– 7.66 0.030

Female sex 0.51 0.26– 1.00 0.052

Age (years) 1.09 0.89– 1.34 0.372

Race- ethnicity

Non- Hispanic White 1.0

Hispanic 1.35 0.49– 3.72 0.549

Non- Hispanic Black 4.05 1.39– 11.74 0.012

Non- Hispanic Asian 1.43 0.36– 5.62 0.595

Other 1.81 0.50– 6.58 0.350

Abbreviations: CI, confidence interval; OR, odds ratio.
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