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Nonalcoholic Fatty Liver Disease 
Prevalence Trends Among Adolescents 
and Young Adults in the United States, 
2007- 2016
Tamoore Arshad,1 James M. Paik,2 Rakesh Biswas,1 Saleh A. Alqahtani,3,4 Linda Henry,4 and Zobair M. Younossi 1,2,5

Understanding the burden of NAFLD among adolescents and young adults has become increasingly relevant. Our 
aim was to estimate the prevalence of NAFLD among adolescents and young adults in the United States. Data were 
obtained from National Health and Nutrition Examination Survey from 2007- 2016. Adolescents and young adults 
aged 12 to 29  years were included. NAFLD was determined by the U.S. Fatty Liver Index in the absence of second-
ary causes of liver disease, and the differences in prevalence trends were analyzed based on age, gender, and race. 
Complete data were available for 4,654 adolescents and young adults (mean age 21  years; 50.9% male; 56.8% White, 
20.9% Hispanic, and 13.3% Black). The overall prevalence of NAFLD among adolescents and young adults was 18.5%, 
ranging from 13.2% among early and middle adolescents (12- 17  years) to 18.7% among late adolescents and young 
adults (18- 24  years), to 24.0% among older young adults (25- 30  years) (trend P  <  0.001). The prevalence of NAFLD 
was higher for boys than for girls (aged 12- 17: 15.1% vs. 11.3%; aged 18- 24: 21.1% vs. 16.2%; aged 25- 30: 28.7% vs. 
19.2%, all P  <  0.030). Among all age groups, Hispanics had a higher prevalence of NAFLD than Whites and Blacks 
(pairwise P  <  0.001). Over the study time period, the prevalence of NAFLD among early and middle adolescents 
and young adults did not change (trend P  >  0.80). In contrast, NAFLD prevalence among late adolescents increased 
(trend P  =  0.018). In fact, White and Hispanic late adolescents were the drivers behind this increase in the prevalence 
of NAFLD. Conclusion: These data indicate an increasing trend in NAFLD prevalence among 18- 24- year- olds. These 
data have important public health and policy implications. (Hepatology Communications 2021;5:1676-1688).

Nonalcoholic fatty liver disease (NAFLD) 
is defined as hepatic fat accumulation in 
the absence of other causes of hepatic fat 

or chronic liver disease (CLD).(1) NAFLD is com-
monly observed in the obese and those with type 2 
diabetes.(1)

Although NAFLD is commonly diagnosed in 
obese persons, it can also be present in nonobese 
patients who are metabolically unhealthy.(2) In gen-
eral, patients with NAFLD and components of met-
abolic syndrome (especially visceral obesity and type 
2 diabetes) are not only at higher risk for NAFLD, 
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but are also at increased risk for the progressive form 
of NAFLD, nonalcoholic steatohepatitis (NASH) 
and its’ associated fibrosis.(3) Additionally, patients 
with NAFLD and multiple components of meta-
bolic syndrome are at high risk of mortality.(4) In this 
context, not only is the presence of these clinical risk 
factors associated with adverse outcomes, but these 
risk factors drive the stage of liver fibrosis, which is 
also an independent predictor of mortality.(5) In fact, 
hepatic fibrosis stage 2 or higher among patients with 
NAFLD is an independent risk factor for liver- related 
mortality and overall mortality.(6)

The high burden of NAFLD in the United States 
has resulted in NAFLD becoming the second most 
common indication for liver transplantation.(7) In 
addition, NAFLD carries a high economic and 
patient- reported outcome burden due to the ever- 
increasing rate of obesity around the world.(8) In this 
context, the global burden of NAFLD has increased 
and contributes to higher mortality and disability- 
adjusted life years.(9,10) However, despite this grow-
ing body of evidence about the burden of NAFLD, 
most data have been generated for the adult popu-
lation. In fact, there is a paucity of data related to 
NAFLD among children and young adolescent pop-
ulation. This issue is of great importance, as the met-
abolic diseases that promote NASH (obesity and its 
complication) are increasing at an alarming rate in 
the young population. It is estimated that currently 
approximately 20% of children/adolescence (>6  years 
old) are considered to be overweight or obese, and 
8% are considered morbidly obese.(11) Furthermore, 
the prevalence of type 2 diabetes (T2DM) in this age 
group has also risen dramatically from 0.34 per 1,000 
(95% confidence interval [CI], 0.31- 0.37) in 2001 to 
0.46 per 1,000 (95% CI, 0.43- 0.49) in 2009, which 

translated into a 30.5% (95% CI, 17.3%- 45.1%) over-
all increase in the prevalence of T2DM in this age 
group.(12)

Additionally, the few studies in this field have 
reported a substantial increase in the prevalence of 
NAFLD, ranging from 7.6% (the general pediat-
ric population) to 38% (in the obese pediatric pop-
ulation).(13- 16) Unfortunately, these studies were 
not recent and may not reflect the current status of 
NAFLD among children, adolescences, and young 
adults.

Given the paucity of these data and the potential 
future impact of adolescent and young- adult NAFLD 
on the burden of liver disease, assessment of the prev-
alence and risk factors of NAFLD among this age 
group is important. Therefore, our aim was to iden-
tify the prevalence and trend of NAFLD among 
adolescents and young adults over the past decade 
(2007- 2016).

Methods
Data souRCe anD population

We used the public data files for the 2007- 2008, 
2009- 2010, 2011- 2012, 2013- 2014, and 2015- 
2016 cycles of the National Health and Nutrition 
Examination Survey (NHANES). The NHANES is 
a population- based program of studies conducted by 
the National Center for Health Statistics. To moni-
tor the health and nutritional status of civilian, non-
institutionalized individuals in the U.S. population, 
cross- sectional socio- demographic, dietary, and med-
ical data were collected through interviews, standard-
ized physical examination, and laboratory testing with 
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oversampling of certain subgroups of the U.S. popu-
lation (people over the age of 60, Hispanic, African 
American). Full details of each survey have been 
described elsewhere.(17)

DeFinition oF naFlD
NAFLD was defined using the improved Fatty 

Liver Index for the multiethnic U.S. population (US- 
FLI), a surrogate for the clinical diagnosis of NAFLD. 
The US- FLI is a biochemical model that predicts 
the presence of fatty liver based on age, race/ethnic-
ity, waist circumference, gamma- glutamyltransferase 
(GGT) activity, fasting insulin and fasting glucose, 
defined as follows:

This model has been previously validated with 
an area under the receiver operating characteristic 
curve of 0.80 (95% confidence interval [CI] 0.77- 
0.83) for the detection of NAFLD in subjects with 
values ≥30.(18) In this study, subjects were presumed 
to have NAFLD, if they had a US- FLI score of 
≥30 in the absence of any other possible causes of 
CLD and excessive alcohol consumption. As a sen-
sitivity analysis, NAFLD was also defined using a 
fatty liver index (FLI) of at least 60(19) and elevated 
alanine aminotransferase (ALT; >30  U/L for males 
and >19  U/L for females) with body mass index 
(BMI) ≥ 25 kg/m2.(20)

otHeR DeFinitions
General demographic characteristics were collected 

from self- reported information, including age (years), 
sex, race/ethnicity, income level (poverty- income 
ratio [PIR] < 1.3 as low, PIR 1.3- 3.5 as middle, and 
PIR > 3.5 as high),(21) college degree, and history of 
medical conditions (e.g., cardiovascular disease, any 
cancer, kidney).

Age was grouped as early and middle adoles-
cents aged 12 to 17 years, late adolescents aged 18 to 
24 years, and young adults aged 25 to 29 years. Race/
ethnicity was categorized as non- Hispanic White, 
non- Hispanic Black, Hispanic, and other, because reli-
able estimates for non- Hispanic Asian was not avail-
able across all the survey periods. Obesity pattern was 

categorized into lean (BMI: 18.5- 25  kg/m2), over-
weight (25- 29.9 kg/m2), and obese (≥30 kg/m2). For 
adolescents and young adults aged ≤20 years, obesity 
was defined as a BMI of ≥ the sex- specific 95th per-
centile on the U.S. Centers for Disease Control and 
Prevention (CDC) BMI- for- age growth charts.(22) 
T2DM was defined by a fasting glucose level greater 
than or equal to 126  mg/dL, self- reported medical 
history of diabetes, oral hypoglycemic agents, insu-
lin use, or hemoglobin A1c of ≥6.5%. Hypertension 
was defined by systolic blood pressure measure greater 
than or equal to 130 mm Hg or diastolic blood pres-
sure measurements greater than or equal 80  mmHg 
from an average of three measurements, or history 
of high blood measurements.(23) Hyperlipidemia was 

defined by either a serum cholesterol level greater 
than or equal to 200  mg/dL, low density lipopro-
tein level greater than or equal to 130 mg/dL, high- 
density lipoprotein cholesterol level less than or equal 
to 40  mg/dL for men and 50 for women, or history 
of hyperlipidemia. Insulin resistance was defined as 
a homeostasis model assessment of insulin resistance 
(HOMA- IR) > 3.(24)

statistiCal analysis
Estimates of age- specific NAFLD prevalence and 

95% CIs were examined by sex, and race/ethnicity 
using five NHANES (2007- 2008 to 2015- 2016). For 
combining all the survey periods, appropriate selec-
tion of sampling weights and adjustment coefficients 
was implemented in compliance with the NHANES 
Analytic and Reporting Guidelines.(25) Differences 
across groups were tested using Rao- Scott chi square 
for categorical variables or Wald test for continuous 
variables.

Analyses of trends in NAFLD prevalence across 
gender and race/ethnicity were performed using the 
2- year cycles of NHANES. Unadjusted trends as well 
as trends adjusted for sex and race/ethnicity were 
tested using logistic regression models by treating the 
midpoint of the period as the time point of a contin-
uous variable.

Examination sample weights, accounting for 
nonresponse, noncoverage, and unequal selection 

US− FLI =

(

e−0.8073∗non-Hispanic black + 0.3458∗Maxican American + 0.0093∗ age + 0.6151∗ loge(GGT) + 0.0249∗waist circumference + 1.1792∗ log
e
(insulin) + 0.8242∗ log

e
(glucose)−14.7812

)

(

1+ e−0.8073∗non-Hispanic black + 0.3458∗Maxican American + 0.0093∗ age + 0.6151∗ loge(GGT) + 0.0249∗waist circumference + 1.1792∗ log
e
(insulin) + 0.8242∗ log

e
(glucose)−14.7812

) × 100.
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probabilities for certain categories of the population, 
were incorporated to produce national estimates for 
all analyses. Sampling errors were estimated by the 
Taylor series linearization method.(26) Because we 
used sample weight, weighted sample size for each 
group determined by multiplying the estimated corre-
sponding percentage by the total number of individ-
uals in the full sample was also reported. All analyses 
were performed with SAS software, version 9.4 (SAS 
Institute, Cary, NC) using “SURVEY” procedure, 
which incorporates the sample design. Statistical tests 
were considered significant at P < 0.05 (two tails).

Results
Of the 11,707 adolescents and young adults aged 

12 to 29  years in five cycles of NHANES (2007- 
2016), 7,053 were excluded based on study crite-
ria (Supporting Fig. S1), so the final cohort included 
4,654 participants. There was no difference among 
the demographic characteristics between sub-
jects included and excluded (Supporting Table S1). 

Clinico- demographic features of the study popu-
lation for the five periods are presented in  Table 1 
and Supporting Table S2.

naFlD pReValenCe among 
aDolesCents anD young 
aDults in 2007- 2016

Among the 4,654 adolescents and young adults, the 
mean age was 21 years; 50.9% were male; 56.8% were 
White, 20.9% were Hispanic, and 13.3% were Black. Of 
these, 32.7% were early and middle adolescents, 36.7% 
were late adolescents, and 30.6% were young adults. 
The distribution of sex and race/ethnicity were simi-
lar across age groups of adolescents and young adults. 
However, significant differences in all of the metabolic 
components were observed, with the exception that the 
HOMA- IR score was significantly higher in adoles-
cents than in young adults (Table 1). The unweighted 
as well as weighted sample sizes by sex, age group, and 
race/ethnicity are displayed in Supporting Table S3.

The weighted prevalence of NAFLD by age group, 
sex, and race/ethnicity are given in  Table 2. The 

taBle 1. DemogRapHiC anD CliniCal CHaRaCteRistiCs oF aDolesCents anD young aDults 
ageD 12- 29 yeaRs By age gRoup: nHanes 2007- 2016

Characteristics
Early and Middle Adolescents 

Aged 12- 17
Late Adolescents 

Aged 18- 24
Young Adults 
Aged 25- 29

P Value for 
Trend*

Total Sample 
Aged 12- 29

Age, mean (SEM) 14.70 (0.05) 21.20 (0.07) 27.44 (0.07) <0.0001 20.98 (0.13)

Male, % 49.98 (1.63) 52.42 (1.48) 50.15 (1.40) 0.904 50.93 (0.93)

Race, %

Non- Hispanic White 57.93 (2.41) 55.42 (2.32) 57.33 (2.55) 0.8017 56.83 (2.01)

Non- Hispanic Black 14.09 (1.26) 13.61 (1.29) 12.01 (1.17) 0.1305 13.28 (1.02)

Hispanic 20.40 (1.84) 21.57 (1.88) 20.49 (1.86) 0.9503 20.86 (1.54)

Other race 7.58 (0.94) 9.40 (1.04) 10.16 (1.19) 0.0440 9.04 (0.75)

Low income, % 30.04 (1.84) 39.82 (2.04) 28.03 (1.92) 0.4654 32.98 (1.43)

Current smoker, % 0 21.76 (1.72) 26.16 (1.72) 0.0431 23.95 (1.38)

Obese, % 20.34 (1.23) 24.50 (1.56) 30.31 (1.90) <0.0001 24.92 (0.99)

Hypertension, % 3.83 (0.55) 11.69 (0.92) 17.02 (1.27) <0.0001 10.78 (0.55)

Hyperlipidemia, % 32.72 (1.48) 40.22 (1.74) 51.73 (2.12) <0.0001 41.28 (1.05)

Insulin resistance, % 40.50 (1.51) 32.41 (1.72) 31.53 (1.60) 0.0001 34.79 (1.06)

Diabetes, % 1.05 (0.32) 2.35 (0.48) 2.77 (0.59) 0.0119 2.05 (0.28)

Other CLD 0.07 (0.05) 6.69 (0.82) 8.91 (1.11) <0.0001 5.52 (0.47)

Excess alcohol use, % 0 7.93 (0.97) 9.42 (1.18) 0.3727 8.63 (0.74)

History of cancer, % 0 1.07 (0.40) 2.66 (0.64) 0.0438 1.92 (0.39)

BMI, mean (SEM) 23.39 (0.16) 26.43 (0.27) 27.88 (0.29) <0.0001 25.88 (0.15)

Waist, cm, mean (SEM) 80.58 (0.43) 89.41 (0.70) 94.27 (0.73) <0.0001 88.00 (0.40)

HOMA- IR, mean (SEM) 3.44 (0.09) 3.23 (0.16) 3.10 (0.11) <0.0001 3.26 (0.08)

Note: Data are displayed as weighted percentages (SEM) except where otherwise noted.
*Based on logistic regression models by treating age group as a continuous variable.
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overall prevalence of NAFLD among adolescents 
and young adults was 18.5%, ranging from 13.2% 
among early and middle adolescents (12- 17  years) 
to 18.7% among late adolescents and young adults 
(18- 24  years), to 24.0% among older young adults 
(25- 29 years). The prevalence of NAFLD was higher 
among males than among females (aged 12- 17: 15.1% 
vs. 11.3%; aged 18- 24: 21.1% vs. 16.2%; aged 25- 30: 
28.7% vs. 19.2%; all P < 0.030). This pattern remained 
the same across race/ethnicity group but not among 
young Black adults (9.6% among males vs. 17.8% 
among females; P  =  0.022). Among early and mid-
dle adolescents, Hispanics (26.9%) had a higher prev-
alence of NAFLD than Whites (9.8%) and Blacks 
(7.9%) (pairwise P < 0.001). This was also true for late 
adolescents aged 18- 24 (32.2% vs. 17.7% and 7.5%; 
P  <  0.001) and young adults aged 25- 29 (38.3% vs. 
22.4% and 14.0%; P < 0.001).

Logistic regression analyses were performed to 
assess the differences in NAFLD prevalence by age, 
sex, and race/ethnicity after adjusting for the calendar 
year (Table 3). In the entire study cohort, compared 
with early and middle adolescents, late adolescents 

and young adults were at increased risk of NAFLD 
(odds ratio [OR] 1.51 [95% CI: 1.18- 1.92] and OR 
2.12 [1.68- 2.68]). The odds of NAFLD were higher 
among Hispanic males (OR 3.61 [2.72- 4.80]), fol-
lowed by Hispanic females (OR 2.81 [1.99- 3.97]) 
and White males (OR 1.67 [1.23- 2.27]), whereas it 
was lower among Black males (OR 0.67 [0.46- 0.97]) 
compared with White females. This pattern remained 
the same across the age group. Notably, the disparities 
in the odds of NAFLD between White females with 
Hispanic males, Hispanic females, and White males 
were smaller among late adolescents than among both 
early and middle adolescents and young adults. Across 
all age groups, male gender, Hispanic race, lower 
income, less education, and having more metabolic 
components were associated with NAFLD (Table 4).

CHanges in naFlD pReValenCe 
among aDolesCents anD 
young aDults FRom 2007 to 2016

Trends in the prevalence of NAFLD are displayed 
in Fig. 1  by age group and sex, and by race, age group 

taBle 2. pReValenCe oF naFlD among aDolesCents anD young aDults ageD 12- 29 yeaRs, By 
age gRoup, seX, anD RaCe/etHniCity: nHanes 2007- 2016

Characteristics

Weighted Prevalence, % (95% CI)

Early and Middle Adolescents 
Aged 12- 17

Late Adolescents Aged 
18- 24

Young Adults Aged 
25- 29

Total Sample Aged 
12- 29

Both sexes 13.16 (11.37- 14.96) 18.74 (15.88- 21.60) 23.95 (20.70- 27.20) 18.51 (16.80- 20.22)

Females 11.27 (8.85- 13.70) 16.19 (12.80- 19.59) 19.22 (15.72- 22.73) 15.49 (13.74- 17.25)

Males 15.05 (12.66- 17.45) 21.06 (17.26- 24.86) 28.65 (23.84- 33.46) 21.42 (18.86- 23.97)

White

Both sexes 9.82 (7.35- 12.29) 17.74 (13.55- 21.94) 22.43 (17.98- 26.87) 16.54 (14.28- 18.81)

Females 7.72 (4.81- 10.63) 16.21 (10.67- 21.74) 15.58 (10.85- 20.32) 12.99 (10.54- 15.44)

Males 12.16 (8.33- 15.98) 19.06 (13.89- 24.23) 29.17 (22.11- 36.23) 20.01 (16.43- 23.59)

Black

Both sexes 7.87 (5.66- 10.08) 7.53 (4.95- 10.12) 14.03 (10.33- 17.74) 9.45 (7.82- 11.07)

Females 6.56 (3.55- 9.57) 7.16 (3.76- 10.56) 17.76 (12.12- 23.40) 10.05 (7.43- 12.67)

Males 8.97 (6.10- 11.83) 8.00 (3.73- 12.27) 9.61 (4.46- 14.77) 8.80 (6.52- 11.09)

Hispanic

Both sexes 26.90 (23.81- 29.99) 32.23 (27.82- 36.63) 38.34 (32.64- 44.04) 32.36 (29.44- 35.27)

Females 25.93 (20.41- 31.44) 28.74 (22.30- 35.17) 34.10 (25.12- 43.08) 29.46 (24.89- 34.03)

Males 27.83 (22.78- 32.87) 34.89 (28.55- 41.22) 42.24 (34.05- 50.42) 34.86 (30.69- 39.04)

Other race

Both sexes 11.58 (8.07- 15.08) 9.94 (5.81- 14.06) 15.27 (10.06- 20.47) 12.22 (9.80- 14.64)

Females 9.21 (5.45- 12.97) 6.64 (3.25- 10.04) 12.71 (6.66- 18.76) 9.34 (6.92- 11.75)

Males 13.25 (8.45- 18.05) 13.96 (5.00- 22.92) 17.81 (9.85- 25.77) 15.05 (10.76- 19.34)

Note: Data are displayed as weighted percentages (CI).
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and sex in  Fig. 2  and  Supporting Tables S4 and S5. 
Over the study period, the prevalence of NAFLD 
among both early and middle adolescents and young 
adults (24- 29 years) did not change (trend P > 0.80). 
In contrast, NAFLD prevalence among late adoles-
cents aged 18- 24 increased from 10.7% (2007- 2008) 
to 24.8% (2015- 2016) (trend P  =  0.018). NAFLD 
with metabolic components was similar through the 
period of study across age groups, with the excep-
tion of obesity and diabetes among late adolescents 
aged 18- 24 with NAFLD, which increased over time 
(P < 0.02) (Table 5).

Among late adolescent males aged 18- 24, there 
was a significant increasing trend in the prevalence 
of NAFLD from 10.7% to 28.7% (trend P  = 0.037), 
whereas a significant decreasing trend from 22.1% to 
13.4% (trend P = 0.031) was observed among female 
young adults aged 25- 29. Interestingly, the prevalence 
of other liver diseases including excessive alcohol and 
viral hepatitis decreased from 9.1% to 4.6% (trend 
P = 0.004) among adolescents and young adults (data 
not shown).

Discussion
As our understanding of the burden of NAFLD 

among adults expands, better appreciation of the bur-
den of this important liver disease among adolescents 

and young adults has become increasingly important. 
In this study, we used national data from the United 
States to provide prevalence estimates of NAFLD 
among adolescents and young adults. Our data show 
that the overall prevalence of NAFLD among this 
cohort of patients was 18.5%, ranging from 13.2% 
among those aged 12- 17 years to 18.7% among those 
18- 24 years, and 24.0% among those aged 25- 29 years. 
These data confirm that there is a high prevalence of 
NAFLD among adolescence as well as young adults, 
and suggests that the NAFLD prevalence increases 
with age. Additionally, our analysis showed that young 
Hispanic males were more likely to have NAFLD, 
followed Hispanic females and White males, whereas 
young Black Americans had the lowest prevalence 
rates. The higher prevalence of NAFLD among young 
Hispanics is similar to the rates reported for adults.(27)

Interestingly, in our overall study cohort, only 
approximately 25% were considered to be obese; 
however, among those with NAFLD, over 75% were 
considered obese. In contrast, 13% of obese subjects 
did not have NAFLD. This finding suggests that 
among this age group, obesity is a significant risk fac-
tor for NAFLD and should be considered in deter-
mining whether a further work- up for NAFLD is 
warranted. In addition, when subjects with NAFLD 
were compared to those without NAFLD, the prev-
alence of other NAFLD risk factors (insulin resis-
tance, hypertension, hyperlipidemia, and diabetes) 

taBle 3. CompaRisons in naFlD pReValenCe By age gRoup, seX, anD RaCe/etHniCity: nHanes 
2007- 2016

Characteristics

Total Sample Aged 12- 29
Early and Middle 

Adolescents Aged 12- 17
Late Adolescents Aged 

18- 24 Young Adults Aged 25- 29

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Aged 12- 17 Reference

Aged 18- 24 1.51 (1.18- 1.92) 0.0013

Aged 25- 29 2.12 (1.68- 2.68) <0.0001

Sex and race

White female Reference Reference Reference Reference

White male 1.67 (1.23- 2.27) 0.0013 1.65 (0.97- 2.83) 0.0663 1.26 (0.79- 2.01) 0.3366 2.23 (1.38- 3.62) 0.0087

Black female 0.74 (0.49- 1.11) 0.1366 0.84 (0.40- 1.78) 0.6421 0.40 (0.20- 0.80) 0.0106 1.17 (0.72- 1.92) 0.5260

Black male 0.67 (0.46- 0.97) 0.0363 1.18 (0.63- 2.20) 0.6058 0.47 (0.24- 0.92) 0.029 0.58 (0.29- 1.16) 0.1202

Hispanic female 2.81 (1.99- 3.97) <0.0001 4.18 (2.47- 7.08) <0.0001 2.17 (1.25- 3.78) 0.0069 2.81 (1.60- 4.91) 0.0004

Hispanic male 3.61 (2.72- 4.80) <0.0001 4.61 (2.81- 7.55) <0.0001 2.80 (1.74- 4.50) <0.0001 3.96 (2.42- 6.50) <0.0001

Other female 0.64 (0.33- 1.25) 0.1848 1.21 (0.38- 3.84) 0.7442 0.37 (0.11- 1.26) 0.1107 0.79 (0.33- 1.87) 0.5880

Other male 1.16 (0.72- 1.87) 0.5484 1.83 (0.82- 4.07) 0.1392 0.82 (0.32- 2.10) 0.6797 1.17 (0.55- 2.51) 0.6760

Note: Logistic regression models were adjusted for calendar year as a continuous variable.
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were significantly higher among those with NAFLD. 
In fact, over 93% of those with NAFLD had insu-
lin resistance and 71% had hyperlipidemia, compared 
with 21% and 34% (respectively) among the non- 
NAFLD group.

In addition, while the mean HOMA- IR was 
considered moderately high across all age groups, 
the youngest group (12- 17  years old) had the high-
est mean HOMA- IR at 3.44, with over 40% in this 
group being diagnosed with insulin resistance, which 
decreased to 32% for those aged 18- 29. On the other 
hand, the prevalence of diabetes among our over-
all cohort increased dramatically, from 1% (12 to 
17- year- old group) to 2.3% (18- 24  years old). This 
represents a 164% increase. On the other hand, there 
was only a moderate increase of 2.7% from the group 
of 18- 24- year- olds versus the 25- 29- year- olds.

In addition to obesity, we assessed the preva-
lence of T2DM in this cohort. Among those with 
NAFLD, the overall prevalence rate of T2DM was 
6.23%, which was significantly higher than the group 
of subjects without NAFLD (1.11%). It is important 

to emphasize that the reported prevalence of T2DM 
among this NAFLD group is higher than what is cur-
rently reported by the CDC, which reports a preva-
lence rate of 4.2%.(28,29) Consistent with reports from 
the general population, we also found that the preva-
lence rates for both those with and without NAFLD 
increased significantly over time.(28)

Another notable trend we found was that while the 
prevalence of NAFLD among both early and middle 
adolescents (12- 17  years old) and young adults (25- 
29  years) remained the same over the course of the 
study, the NAFLD prevalence among those aged 18- 
24 increased from 10.7% (2007- 2008) to 24.8% (2015- 
2016), a significant increase of +132%. The apparent 
drivers behind this significant increase were obesity 
and diabetes, which significantly increased +27% 
and +300%, respectively, over time, especially among 
White and Hispanic late adolescents. These changes 
occurred in the backdrop of significant decreases in 
CLD from either viral hepatitis or excessive alcohol 
use. Together these findings present a disturbing pic-
ture of what the future may hold for our adolescents 

Fig. 1. Prevalence of NAFLD among adolescents and young adults aged 12- 29 years in NHANES by age group and Sex.
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and young adults, especially for Hispanic males and 
females if the present trajectory for obesity, diabetes, 
and NAFLD continues.(30)

In addition to obesity, the high prevalence of 
obesity- related complications such as hyperlipidemia 
and insulin resistance among adolescents and young 
adults with NAFLD are also worrisome. Many of 
these findings may be attributed to the changing food 
environment, where the availability of healthy food 
choices is limited while foods high in saturated fat and 
fructose are readily available— a scenario that is espe-
cially prevalent among the low- income group in which 
40% of the 18- 24- year- olds comprise.(31- 36) As such, 

efforts to change the environment to provide healthier 
food choices must start with healthy eating education 
by both caregivers and schools, while at the same time 
city planners develop ways to encourage food stores to 
offer healthier and affordable food choices as well as 
providing these healthy choices within easy walking 
distances to those most affected.(37- 41)

In addition, schools must also work toward provid-
ing healthy school breakfasts and lunches to all chil-
dren, but especially those from low- income families, 
as we know that these children and adolescents get 
over half their daily caloric from the food provided 
by schools, in which 22% of their calories come from 

Fig. 2. Prevalence of NAFLD among adolescents and young adults aged 12- 29 years in NHANES by age group, sex, and race/ethnicity.
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school breakfast and close to 31% of their calories 
come from school lunches.(42) We also know that 
those who eat school- provided food have a healthier 
dietary intake.(43) Finally, providing a healthy environ-
ment that promotes physical activity both for schools 
and the general community is vital to reversing these 
trends.(44) However, it must be noted that although 

the current coronavirus disease- 2019 pandemic has 
altered the landscape of obtaining food, especially for 
school aged children, schools and other public agen-
cies have developed mechanisms to provide food for 
those most in need. Although this could be a viable 
long- term strategy, these agencies must come up with 
alternative ways to providing healthy, nutritious food 

taBle 5. tRenDs in metaBoliC Components oF aDolesCents anD young aDults ageD 
12-  29 yeaRs WitH tHe pResenCe oF naFlD: nHanes 2007- 2016

Year

NAFLD

Early and Middle Adolescents Aged 12- 17 Late Adolescents Aged 18- 24 Young Adults Aged 25- 29

Obese

2007- 2008 76.39 (6.72) 63.40 (10.52) 78.17 (7.65)

2009- 2010 71.84 (8.39) 63.38 (6.80) 73.07 (3.89)

2011- 2012 81.80 (5.06) 66.00 (5.21) 78.14 (3.43)

2013- 2014 73.80 (6.37) 85.14 (4.07) 86.42 (4.71)

2015- 2016 81.77 (6.47) 80.54 (4.97) 70.79 (7.19)

P value for trend 0.5322 0.0191 0.9844

Hypertension

2007- 2008 5.42 (4.19) 14.40 (4.24) 30.07 (5.98)

2009- 2010 11.75 (4.03) 13.21 (5.14) 48.64 (6.44)

2011- 2012 10.76 (5.47) 27.89 (6.13) 31.43 (5.48)

2013- 2014 6.84 (3.89) 22.55 (3.57) 36.81 (5.92)

2015- 2016 16.79 (7.15) 16.58 (3.85) 25.16 (4.28)

P value for trend 0.3585 0.523 0.2159

Hyperlipidemia

2007- 2008 54.08 (6.32) 68.35 (7.56) 83.89 (5.88)

2009- 2010 54.72 (3.24) 69.07 (6.01) 76.06 (6.33)

2011- 2012 75.21 (4.76) 73.54 (4.84) 83.55 (4.64)

2013- 2014 63.37 (7.99) 74.39 (4.49) 86.56 (4.62)

2015- 2016 57.59 (6.23) 58.92 (6.13) 65.78 (5.31)

P value for trend 0.4335 0.3485 0.1938

Insulin resistance

2007- 2008 100.00 (0.00) 86.79 (6.23) 85.21 (5.55)

2009- 2010 100.00 (0.00) 96.90 (1.91) 91.76 (4.44)

2011- 2012 92.17 (5.61) 100.00 (0.00) 86.90 (3.24)

2013- 2014 97.48 (1.89) 96.88 (0.57) 87.64 (4.36)

2015- 2016 98.98 (1.12) 95.59 (0.42) 87.56 (2.64)

P value for trend 0.2601 0.2413 0.9939

Diabetes

2007- 2008 2.89 (2.88) 3.30 (3.38) 9.55 (4.14)

2009- 2010 1.57 (1.52) 2.35 (1.84) 9.15 (5.09)

2011- 2012 2.02 (1.67) 4.96 (1.46) 4.85 (1.41)

2013- 2014 4.62 (1.98) 7.66 (4.07) 2.41 (2.58)

2015- 2016 9.16 (6.20) 13.56 (2.77) 9.86 (6.45)

P value for trend 0.2110 0.0032 0.6993

Note: Data are displayed as weighted percentages (SEM).
*Logistic regression models by treating the midpoint of the period as the time point as a continuous variable after adjustments for sex and 
race/ethnicity.
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to those they serve. In this context, the U.S. govern-
ment has established a program for healthy eating 
called “My Plate” (https://www.mypla te.gov/), which 
can be used to guide the food choices provided as well 
as to educate the public about healthy eating.

There are a few limitations to this study. First, we 
have used US- FLI as a noninvasive diagnostic method 
to establish NAFLD. Although a radiologic- based or 
histologic- based diagnosis of NAFLD may be more 
accurate, ultrasound data are only available for the early 
cycle of NHANES (1988- 1994). It is also important 
to note that US- FLI has been established as a reliable 
method for noninvasive diagnosis of NAFLD in the 
U.S. population.(45) In this study, we went further and 
validated US- FLI in our study population using the 
subgroup that had both liver ultrasound and US- FLI. 
In fact, of 11,532 NHANES III subjects (aged 20- 
74  years), the prevalence of radiologic NAFLD and 
NAFLD based on US- FLI were 19.4% (17.7%- 21.3%) 
and 23.6% (21.7%- 25.5%), respectively. Late adoles-
cents and young adults (18- 24 years) and older young 
adults (25- 29  years) accounted for 5.25% and 9.47% 
of radiologic NAFLD, in comparison with 4.31% and 
5.61% of NAFLD based on US- FLI. Similar trend 
patterns in NAFLD prevalence by using other nonin-
vasive markers (FLI and elevated ALT) were observed. 
In addition, among adolescents, there was significant 
agreement between US- FLI with FLI (kappa statis-
tic = 0.696 [95% CI: 0.617- 0.775) and elevated ALT 
(kappa = 0.607 [0.523- 0.691]), respectively.

Despite these study limitations, NHANES provides 
a nationally representative sample of the U.S. pop-
ulation, whose measures are standardized over time, 
reducing the potential for recording errors. However, 
true prevalence of NAFLD in this population is hin-
dered by the lack of noninvasive testing, and most of 
the diagnoses have been made using liver enzyme ele-
vations and or ultrasound— both of which have sig-
nificant shortcomings, especially liver enzymes, which 
have been shown not to be elevated in many patients 
with NAFLD as well as the inaccuracy of ultrasound 
in those younger than 18 years old.(45,46) In addition, 
we were not able to identify advanced fibrosis among 
this cohort due to the lack of noninvasive tests that 
are validated for the younger population, to include 
the Fibrosis- 4 index, which is not accurate for those 
younger than 35  years of age. Further research is 
urgently needed to determine appropriate noninva-
sive tests for the presence of fibrosis in this age group, 

given the increasingly burden of NAFLD for this 
younger population.(47,48)

In summary, our data show that the overall prev-
alence of NAFLD among children, adolescents, and 
young adults (12- 29 years old) is 18.5% with a range 
from 13% for 12- 17- year- olds to 24% for those 25- 
29  years old. Over the past decade, the prevalence 
of NAFLD also is increasing, primarily among the 
18- 24- year- old age group, and this increase is partly 
driven by increases among young Hispanic males. We 
also found that the prevalence of complications of 
obesity, such as insulin resistance and hyperlipidemia, 
parallels that of NAFLD. In this context, we believe 
environmental factors, especially food choices, are 
the major drivers of obesity and NAFLD. Therefore, 
we suggest that work must continue to improve the 
immediate food environment, both in schools as well 
as one’s living vicinity, so that healthy and affordable 
food choices and increased physical activity options 
are available— especially for those with a low income. 
In addition, education must also be provided to better 
inform all stakeholders about complications of obesity, 
including NAFLD. Finally, we have provided provi-
sional validated NAFLD prevalence using the US- 
FLI in this study population; however, we recommend 
further research to validate our findings.
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