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Abstract
Objective—To assess recent trends in nonalcoholic fatty liver disease (NAFLD) prevalence
among US adolescents.

Study design—Cross-sectional data from 12 714 12–19 year olds (exclusions: chronic hepatitis,
hepatotoxic medications) in the National Health and Examination Survey between 1988–1994 and
2007–2010 were used to estimate trends in suspected NAFLD, defined as overweight (body mass
index ≥85th percentile) plus elevated alanine aminotransferase levels (boys >25.8 U/L; girls >22.1
U/L). Linear trends in prevalence and the independent effect of demographic indicators and
adiposity on NAFLD risk were tested using regression models. Complex sampling methods and P
values of <.05 were used to assess statistical significance.

Results—Suspected NAFLD prevalence (SE) rose from 3.9% (0.5) in 1988–1994 to 10.7% (0.9)
in 2007–2010 (P < .0001), with increases among all race/ethnic subgroups, males and females, and
those obese (P trend ≤.0006 for all). Among those obese, the multivariate adjusted odds of
suspected NAFLD were higher with increased age, body mass index, Mexican American race, and
male sex; the adjusted odds in 2007–2010 were 2.0 times those in 1988–1994. In 2007–2010,
48.1% (3.7) of all obese males and 56.0% (3.5) of obese Mexican American males had suspected
NAFLD.

Conclusion—Prevalence of suspected NAFLD has more than doubled over the past 20 years
and currently affects nearly 11% of adolescents and one-half of obese males. The rapid increase
among those obese, independent of body mass index, suggests that other modifiable risk factors
have influenced this trend.

Nonalcoholic fatty liver disease (NAFLD), is the most common form of liver disease in
children.1 A chronic, obesity associated condition, NAFLD can lead to cirrhosis and liver
failure over time.2 It is also an independent risk factor for cardiovascular disease and liver
cancer.3 Although previous studies have demonstrated differences in NAFLD prevalence
rates across race/ethnicity,4,5 sex,6 age,7 and weight status8 subgroups, recent trends among
adolescents and adolescent subgroups are not currently available. It is suspected that
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pediatric NAFLD prevalence has increased in parallel to the increasing trends in overweight
and obesity over the past 3 decades9 because of its association with obesity.

Previous reports have used varying approaches to estimate the prevalence of NAFLD.10

Expert Committee guidelines recommend the use of serum transaminase levels11 to screen
for NAFLD though the specific cutpoints for defining elevation have not been specified.
Alanine aminotransferase (ALT) levels at cutpoints of 30 U/L7 and 40 U/L6 have been
commonly used but recent data suggests that such upper limits, which were defined using
populations that included persons with subclinical liver disease, are too high.12 Schwimmer
et al recently evaluated the normal distribution of ALT levels in US adolescents and
proposed a new set of cutpoints for screening for NAFLD based on the 95th percentile of
this distribution, 25.8 U/L for boys and 22.1 U/L for girls.6 A comparison of the results
using these cutpoints to those obtained using liver ultrasound demonstrated that these sex-
specific cutpoints were much more sensitive than the cutpoint of >30 (sensitivity 80% vs
36% for girls and 92% vs 32% for boys) and still highly specific (79% vs 92% for girls and
85% vs 96% for boys).6

The purpose of this study was to use national data, collected using the same or similar
methods over the past 3 decades, to estimate current NAFLD prevalence rates among US
adolescents and to determine if these rates have risen in line with the increase in obesity
prevalence over this period.

Methods
We used national data from 12–19 year olds enrolled in the National Health and Nutrition
Examination Survey 1988–1994 (NHANES III) or the continuous National Health and
Nutrition Examination Survey (NHANES) between 1999 and 2010 (n = 14 918). NHANES
is a cross-sectional survey of the US civilian, noninstitutionalized population designed to
obtain nationally representative estimates on diet and health indicators. The sampling
methodology is described elsewhere.13 Subjects in the continuous NHANES were grouped
into three 4-year periods, 1999–2002, 2003–2006, and 2007–2010 to provide sample sizes
large enough to allow for subgroup analyses. Study subjects were excluded for known
chronic liver disease (hepatitis B or C; n = 146), missing ALT data (n = 1476), missing data
on covariates (n = 294), and treatment with hepatotoxic medications (n = 288; NHANES
1999–2010 only) for a final sample of 12 714. Institutional review board approval from the
National Center for Health Statistics was obtained for this study. Signed, informed consent
was obtained by National Center for Health Statistics from the parents/guardians of all
participants and assent was obtained from all participants.14

Suspected NAFLD was defined as elevated ALT in an overweight or obese child (body
mass index [BMI] for age and sex (BMI >85th percentile). Although NAFLD can occur in
healthy weight children (particularly those approaching the 85th percentile BMI percentile),
it is much more likely to occur in those overweight or obese.7 Elevated ALT was defined
using the sex-specific cutpoints recently proposed by Schwimmer et al1 (>25.8 U/L for boys
and >22.1 U/L for girls). For comparison purposes, national estimates were also obtained
using ALT cutpoints of >30 U/L and >40 U/ L. Serum ALT levels were determined using
the enzymatic rate method.15 We examined trends in suspected NAFLD by: weight
category, including overweight (BMI 85th –<95th percentile), obese (BMI ≥95th percentile),
and severely obese (BMI ≥99th percentile)16; sex; and race/ethnicity (non-Hispanic white,
and non-Hispanic black, Mexican American, and other). High waist circumference, a
measure of central adiposity, was defined as exceeding the 90th percentile for age, race, and
sex as determined by Fernandez et al using data from adolescents participating in NHANES
III.17
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Statistical Analyses
Complex survey procedures in SAS 9.2 (SAS Institute, Cary, North Carolina) were used for
all analyses. Variances were adjusted to account for the sampling methods used and weight
factors were applied to estimates to make them representative of the US population.
Frequency procedures were used to obtain unadjusted estimates of NAFLD prevalence at
each time point studied and to assess trends nationally and by demographic and weight
status subgroups. Linear trend testing was done using χ2 tests for trend. Multivariate
regression models controlling for age, sex, and race/ethnicity were used to examine the
trends in NAFLD prevalence, elevated waist circumference, and BMI z-score among obese
males and females. Finally, logistic regression models were used to assess the independent
effects of known risk factors (age, sex, race/ethnicity, BMI, and waist circumference) on the
odds of suspected NAFLD prevalence among a subsample including only obese adolescents
and to compare this risk over time.

Results
A description of the weighted sample for each of the 4 study cycles is provided in Table I.
There were no significant differences in age, sex, and percent overweight between
NHANES III and the most recently released data cycles (2007–2010), but the proportion of
adolescents who were Mexican American, obese, or severely obese did increase over the
study period (P for trend <.0001 for all).

Trends in the unadjusted prevalence of suspected NAFLD, using each of the 3 cutpoints for
elevated ALT, doubled among US adolescents between 1988–1994 and 2007–2010, rising
from 0.8%–2.7% (P < .0001) using the most specific cutpoint of >40 U/L; from 2.3%–6.9%
(P < .0001) using the more sensitive cutpoint of >30 U/L, and from 3.9%–10.7% using the
recently defined sex-specific cutpoints of >25.8 U/L for boys and >22.1 U/L for girls (P < .
0001) (Figure 1).

In stratified analyses, increasing trends in suspected NAFLD prevalence (defined using the
sex-specific cutpoints) were observed among all race/ethnic subgroups, among both males
and females, and among those obese (Table II). The observed increase in the prevalence
among those overweight was not significant. Prevalence was highest among Mexican
Americans and lowest among non-Hispanic blacks. Suspected NAFLD prevalence among
males was 2 to 3 times that of females.

Among obese females, the prevalence of suspected NAFLD, adjusted for age, race/ethnicity
and waist circumference, rose from 13.0% (0.03)–27.0% (0.04) (P for trend = .01) (Figure 2;
available at www.jpeds.com). Among obese males, prevalence rose from 29.5% (0.06)–
48.3% (0.03) (P for trend = .005) (Figure 2). The prevalence of high waist circumference
increased among obese females but not obese males. BMI z-score did not increase
significantly in either group. Obese males with a high waist circumference were more likely
than obese females to have suspected NAFLD, 45.7% vs 18.4%, respectively (not shown).

The results of multivariate logistic regression models (Table III) among all adolescents
demonstrated that increased age (years), increased BMI (z-score), Mexican American
ethnicity (compared with non-Hispanic whites), and being male were all associated with
significantly increased risk of NAFLD. Being non-Hispanic black was associated with lower
risk compared with non-Hispanic whites. A high waist circumference, when controlling for
all covariates, was not associated with increased NAFLD risk. The multivariate adjusted
odds of NAFLD in 2007–2010 were 2.0 times those in 1988–1994.
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Discussion
The findings of this study demonstrate that the prevalence of suspected NAFLD has risen
substantially, doubling among US adolescents over the previous 3 decades. Increases in
prevalence were observed among both males and females and among all race/ethnic
subgroups. Applying the NAFLD prevalence rate of 3.9% observed in 1998–1994 and that
of 10.7% observed in 2007–2008 to the estimated total population of adolescents during
these time periods (determined using the sampling weights provided by NHANES), this
increase represents approximately 2 million additional adolescents with chronic liver disease
who are at increased risk of liver failure, cardiovascular disease, and liver cancer in
adulthood.

Although the increasing prevalence of obesity and severe obesity over the study period is a
likely explanation for some of the observed increase in suspected NAFLD, the findings of
this study highlight the importance of other factors. Among those obese, the only weight
subgroup to demonstrate a significant increase in suspected NAFLD, the prevalence of
severe obesity increased from only 3% in 1988–1994 to 11% in 2007–2010, and the
prevalence of suspected NAFLD over the same time period increased from 20% to nearly
40%. Despite the observed increase in severe obesity, the mean BMI z-score did not
increase significantly among either obese males or obese females.

As has been demonstrated previously among other populations, NAFLD risk among US
adolescents was shown here to be higher with increased age and BMI z-score, male sex, and
Mexican American race.1 In 2007–2010, 48% of obese males and 56% of obese Mexican
American males had suspected NAFLD. Although the increase in the proportion of Mexican
American adolescents over the study period may have contributed to the rise in the NAFLD
prevalence rates, the increase in the odds of suspected NAFLD among obese adolescents
since 1988–1994 when controlling for race/ethnicity as well as age, sex, BMI, and waist
circumference suggests that lifestyle changes have also played a role. Previous research
suggests an association between diet, specifically increased consumption of sugar sweetened
beverages,10,18,19 and NAFLD risk.

ALT elevation, as applied in this study, is useful as a screening tool and previous studies
have supported its utility in both clinical use and population studies. Cutpoints of 30 U/L7

and 40 U/L20,21 have been used in both research studies and clinical practice. Tazawa et al
evaluated obese children in Japan in the mid-1990s and found that of those with an ALT >30
IU/L, 83% had an ultrasound consistent with NAFLD (fatty changes).22 The more recent
study by Schwimmer et al compared sex-specific cutpoints of 26 U/L for boys and 22 U/L
for girls to the results using a cutpoint of >30 U/L and demonstrated substantially improved
sensitivity with good specificity for NAFLD.6 In this study, we chose to use these sex-
specific cutpoints and added the additional requirement of being overweight or obese to
improve the specificity of our analysis and avoid overestimating prevalence.

This study has several strengths, including the availability of multiple, national-level
samples collected over a 30-year time period. Data from these samples provided a means for
making estimates, representative of the US adolescent population, over a period of
substantial change in obesity prevalence. The use of the same or similar data collection
methods at each time point and the availability of a sensitive and specific, sex-based
measure of suspected NAFLD increases the validity of the results obtained. The use of
biologic measures to assess suspected NAFLD, collected using trained personnel and
standardized methods, decreases the risk of systematic bias and random error. The
availability of anthropometric and demographic data made it possible to assess trends in key
subgroups and to assess the independent effect of known or suspected risk factors.
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This study was also subject to some limitations. Data on specific medications used was not
available for participants in NHANES III, which prohibited us from excluding subjects in
1988–1994 based on their use of hepatotoxic medications as we were able to do for all later
time points. This limitation may have resulted in an overestimation of the true prevalence of
NAFLD in 1988–1994, but any effect is expected to be minimal as less than 0.03% of the
sample in NHANES 1999–2010 reported taking medications known to be hepatotoxic. Also,
as the blood samples used to test ALT levels in NHANES III were frozen before they were
thawed and analyzed,23 this could have resulted in an attenuation in ALT levels. Although a
single freeze-thaw cycle has been shown to decrease ALT levels by as much 8%,24 such a
decrease would have had little impact on suspected NAFLD trends in this study as the
difference in ALT levels between 1988–1994 and 1999–2002 was 43.6%. Finally, data on
alcohol consumption was not collected in subjects <20 years old in NHANES 1999–2010,
therefore, we could not assess or control for possible alcohol-induced ALT elevation among
the adolescents in this study.
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Figure 1.
Trends in the unadjusted prevalence of suspected NAFLD among US adolescents 12–19
years old (N = 12 714) defined using overweight plus various cutpoints for elevated ALT,
including sex-specific (>25.8 U/L for boys and >22.1 U/L for girls) as well as alternative
cutpoints of >40 U/L and >30 U/ L. P for linear trend <.0001 for all.
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Figure 2.
Trends in the adjusted prevalence of suspected NAFLD (overweight plus ALT >25.8 U/L
for boys and >22.1 U/ L for girls), the prevalence of high waist circumference (>90th sex
and age percentile), and mean BMI z-score among A, obese female and B, obese male
adolescents in the NHANES III through NHANES 2007–2010. Estimates were adjusted for
age and race/ethnicity. P for linear trend was <.0001 for the prevalence of NAFLD in both
males and female and for the prevalence of high waist circumference among females.
Trends in BMI z-score were not significant for either males or females.
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Table III

Factors associated with increased odds of suspected NAFLD among obese adolescents in the US (N = 2535)

Effect N (%) OR 95% CI

Age, year - 1.2 1.2 1.3

BMI, z-score - 6.5 3.6 11.6

Race

 White 843 (55.0) reference

 Mexican American 393 (14.9) 1.6 1.2 2.0

 Black 482 (18.4) 0.4 0.3 0.6

 Other 817 (11.8) 1.2 0.9 1.8

Waist circumference

 Low (≤90th percentile) 878 (29.3) reference

 High (>90th percentile) 1657 (70.7) 0.8 0.6 1.2

Study Year

 1988–1994 393 (14.9) reference

 1999–2002 817 (25.2) 1.8 1.1 2.9

 2003–2005 843 (29.5) 2.4 1.5 4.0

 2007–2010 482 (30.4) 2.3 1.4 3.9
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