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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is chronic hepatic steatosis which is not 

secondary to genetic/metabolic disorders, infections, use of steatogenic medications, ethanol 

consumption, or malnutrition (1). In the United States, NAFLD is the most prevalent 

pediatric liver disease and is more common in adolescents than younger children(2, 3). 
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NAFLD is associated with many adverse health consequences including cirrhosis, liver 

transplantation, and cardiovascular and metabolic diseases(4, 5).

Societies including the North American Society for Pediatric Gastroenterology, Hepatology, 

and Nutrition and the American Academy of Pediatrics recommend that children at risk for 

NAFLD be screened using the enzyme alanine aminotransferase (ALT)(1). In the SAFETY 

study, the biological upper limit of normal (ULN) for ALT was determined to be 22 U/L 

for females and 26 U/L for males(6). A prior study using National Health and Nutrition 

Examination Survey (NHANES) data from 2007–2010 found that based on the ULN, 10.7% 

of adolescents had elevated ALT(7). Recently, our group found a substantial increase in the 

incidence of NAFLD diagnoses in children in Southern California from 2009 to 2018(8), 

thus we speculated that the prevalence of NAFLD increased nationally as well. Therefore, 

the first goal of this study was to determine the prevalence of elevated ALT as a measure of 

suspected NAFLD in adolescents in the U.S. for the years 2011–2018.

Additionally, this study sought to include data from Asian American adolescents, as 

previous national estimates of elevated ALT did not include this demographic group. Asian 

American children are currently the fastest growing racial group nationally, and there are 

emerging data that they may also be at an increased risk for NAFLD(9). Recently, we 

observed that 9.5% of Asian American children with obesity in Northern California had 

an ALT level that exceeded the clinical action threshold of twice the biological ULN 

(2X-ULN). (9). Asian American children have been understudied nationally. Therefore, the 

second goal was to determine the prevalence of elevated ALT among Asian American 

adolescents in the U.S.

Finally, there is debate surrounding the optimal ALT threshold that should be used to 

identify children with NAFLD(6, 10–12). Clinical guidelines recommend that following 

screening, children with ALT levels more than twice the biological ULN (2X-ULN; ALT 

>44 U/L for females and >52 U/L for males(1)) are at higher risk for more severe disease 

and thus should have further diagnostic evaluation for NAFLD. This is primarily targeted to 

patients with obesity. These guidelines supply a framework to aid clinical decision making; 

however, the practical implications of the specific ALT threshold used on the prevalence of 

elevated ALT has not been evaluated. Therefore, the third goal of this study was to evaluate 

the prevalence of ALT up to 2X-ULN in adolescents with obesity.

METHODS

Study Population

NHANES is a serial, cross-sectional study with interviews and physical examinations meant 

to assess the health and nutritional status of adults and children in the United States. Data are 

publicly available for download on the Centers for Disease Control and Prevention (CDC) 

website(13). For this study, we used NHANES data from 2011–2018. These years were 

chosen because prior analyses examining elevated ALT prevalence in children included data 

up to 2010(7), whereas 2011 was the first year that Asian children were specifically sampled 

in NHANES(14). Study inclusion criteria were age 12 to 19 years with available data for race 

and ethnicity, weight, height, and ALT level. Phlebotomy was not performed for children 
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younger than age twelve years. Parents or guardians provided information on race and 

ethnicity. Participants were excluded if they had a potential cause for elevated ALT other 

than NAFLD, including viral hepatitis, toxin exposure, or use of potentially hepatotoxic 

medications [6].

Definitions for Elevated ALT

ALT was measured using an enzymatic rate method. Reference data from the CDC 

were used to determine BMI percentiles, with healthy or underweight classified as <85th 

percentile, overweight as 85th to <95th percentile, and obesity as ≥95th percentile(15). For 

the overall cohort, an elevated ALT level was defined using the biological (ULN) threshold 

as >22 U/L in females and >26 U/L in males. For the higher risk group of children with 

obesity, we additionally examined patterns in ALT elevation based on an ALT threshold 

ranging from the ULN to 2X-ULN.

Data Analysis

SAS statistical software (version 9.4) and R (version 4.1.1)(13) were used for data analyses. 

NHANES data uses weighting to account for the complex survey design, survey non-

response, and post-stratification adjustment to match the total population counts from the 

US Census Bureau. A weight was assigned to each sample person allowing a single person 

to have the proper weight for the population they represent. The stratification and clustering 

in NHANES were accounted for using the strata SDMVSTRA and clusta SDMVPSU 

parameter of Proc survey frequency in SAS.

Chi-square tests were used to compare the proportion with elevated ALT by age, sex, 

race/ethnicity, and BMI level. The Cochran-Armitage test for trend was used to examine 

the relationship of elevated ALT with age and higher BMI category. Weighted frequencies 

of elevated ALT and the 95% confidence intervals (CI) were calculated for each group 

(race/ethnicity, sex, and BMI category) using the ALT cut-points. Multivariable logistic 

regression was used to examine the independent associations of race/ethnicity and elevated 

ALT, adjusting for age, sex, and BMI level, reported as odds ratios (OR) with 95% CI. 

For adolescents with obesity, we also examined the prevalence of elevated ALT defined 

by continuous ALT thresholds between the ULN and 2X-ULN to explore the global 

relationship between ALT cut-point and observed prevalence of ALT elevation.

RESULTS

Study Population

There were 6,083 adolescents ages 12 to 19 years evaluated in NHANES from 2011–2018. 

After inclusion and exclusion criteria were applied (Supplemental Figure 1), the final 

analytic cohort comprised 4,613 adolescents, representative of 25.7 million adolescents 

nationally (Table 1). The prevalence of overweight was 17.1% and obesity was 23.9%.

Prevalence of ALT above the ULN

Prevalence estimates for elevated ALT for all adolescents as well as for the subsets by 

race/ethnicity and BMI category using the biological cut-point (ULN) are shown in Table 
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2. At the ULN, 16.5% (95% CI: 15.2–17.9%) of all individuals had an elevated ALT. The 

proportion with elevated ALT was higher with each year of age (Cochran-Armitage trend 

test, p<0.001) and ranged from 12.3% among 12-year-olds to 24.2% among 19-year-olds. 

Elevated ALT was more prevalent in males (20.7%) than females (12.2%, p<0.001), and 

was higher across increasing weight categories: healthy weight 8.8%, overweight 13.9%, 

and obesity 39.5% (p <0.001). Notably, among adolescents with elevated ALT, 30.4% had 

healthy weight, 14.0% had overweight, and 55.5% had obesity. The prevalence of elevated 

ALT also varied by race and ethnicity: 21.8% among Hispanic, 16.5% among Asian, 

15.8% among White, and 10.7% among Black adolescents (overall Chi-square p<0.001). 

In those with obesity, the prevalence of elevated ALT was 43.1% (95% CI: 34.5–58.7%) 

in Asian adolescents, 43.5% (95% CI: 38.4–48.7%) in Hispanic adolescents, 43.0% (95% 

CI: 36.9–49.4%) in White adolescents, and much lower at 20.7% (95% CI:16.2–25.7%) in 

Black adolescents. Among adolescents with overweight, Asian participants had significantly 

higher prevalence of elevated ALT (27.0%) than White (12.8%) or Black (8.4%) adolescents 

(p<0.01), with a trend towards higher prevalence compared to Hispanic adolescents (17.7%, 

p=0.06).

In a multivariable logistic regression analysis, adjusting for race and ethnicity, age, sex, 

and BMI category, Hispanic ethnicity, older age and male sex were significantly associated 

with higher odds of elevated ALT (Table 3). Males had two-fold higher odds of elevated 

ALT compared to females (OR 2.2, CI 1.7–2.7). Hispanic adolescents had higher odds of 

elevated ALT (OR 1.3, CI 1.1–1.6) while Black adolescents had 50% lower odds (OR 0.5, 

CI 0.4–0.7) compared to White adolescents, whereas significant differences were not seen 

for Asian adolescents (OR 1.3, CI 1.0–1.8). Overweight (OR 1.8) and obesity (OR 7.9) 

compared to healthy weight were also strongly associated with greater odds of elevated ALT.

Prevalence of Elevated ALT in Adolescents with Obesity from the ULN through 2X-ULN

Figure 1 examines the prevalence of elevated ALT across a continuous threshold of elevated 

ALT from the ULN to 2X-ULN to show the proportion of subjects that would be identified 

at each possible ALT cut-point among all adolescents with obesity. Overall, 6.6% of 

adolescents with obesity had ALT 2X-ULN. When stratified by race and ethnicity, 10.5% 

(CI 7.6–14.0) of Hispanic adolescents, 6.3% (CI 3.9–9.6) of White adolescents, 5.6% (CI 

3.3–8.6) of Asian adolescents, and 3.3% (CI 1.7–5.9) of Black adolescents had ALT 2X-

ULN or greater.

DISCUSSION

In a nationally representative multiethnic cohort of adolescents ages 12 to 19 years 

(NHANES 2011–2018), the percentage of all adolescents with elevated ALT at the ULN was 

16.5% but varied by race and ethnicity. The prevalence of elevated ALT was highest among 

Hispanic followed by Asian and White adolescents and lowest among Black adolescents. 

Among adolescents with overweight BMI, a higher proportion of Asian adolescents and 

lower proportion of Black adolescents had elevated ALT, whereas the prevalence of elevated 

ALT was similar among Asian, Hispanic, and White adolescents but lower for Black 

adolescents with obesity. Overall, the prevalence of elevated ALT was 39.5% at ULN 
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and 6.6% at 2X-ULN among adolescents with obesity. Older age, male sex, overweight 

and obesity, and Hispanic ethnicity (vs. White race) were associated with greater odds of 

elevated ALT.

The prevalence of suspected NAFLD in adolescents has increased over time. Our research 

adds to prior studies using NHANES to evaluate the epidemiology of suspected NAFLD and 

how it has changed over time(7, 16, 17). Most recently, one study compared 1988–1994 and 

2007–2010 NHANES cohorts and found that the prevalence of suspected NAFLD using the 

ULN increased substantially from 3.9% to 10.7% in adolescents (7). Our analyses identified 

much higher prevalence (16.5%) which in addition to the inclusion of adolescents with BMI 

< 85th percentile was also likely due to the higher proportion of NHANES participants 

with BMI in the obesity range in the current era and greater racial and ethnic diversity. 

While the previous study did not include adolescents with BMI in the underweight or 

normal weight percentile range (7), other studies have shown that 5.0–6.5% of children with 

normal and underweight BMI percentiles have NAFLD (3, 8). In our study, the prevalence 

of elevated ALT was 8.8% among adolescents with healthy weight. Given the vast number 

of children with normal BMI, even a small percentage with NAFLD is clinically relevant. 

Thus, although suspected NAFLD is increasing over time due to the increased prevalence of 

obesity, it is important to investigate the prevalence and risk factors for NAFLD in children 

of normal weight.

Asian Americans are one of the fastest growing ethnic groups, making up 6% of the total 

population in the United States(18, 19). However, NAFLD within Asian Americans is still 

understudied. The Study of Child and Adolescent Liver Epidemiology (SCALE) reported 

a high prevalence of NAFLD in Asian American children at 10.2% (95% CI 3.0–17.5%) 
(3). A 2015 study of 57 Chinese American children with obesity reported that 33% had 

an ALT greater than the ULN(20) and a meta-analysis encompassing many Asian countries 

reported a prevalence of NAFLD of 50.1% in children with obesity(21). A recent study 

from an integrated Northern California healthcare system found that 9.5% of Asian/Pacific 

Islander children and adolescents with obesity had elevated ALT above 2X-ULN (9). In 

the present study using NHANES data, the prevalence of elevated ALT at 2X-ULN was 

5.6% among Asian Americans with obesity, however, due to a smaller number of Asian 

adolescents with obesity the confidence interval was wide ranging from 1.5 to 13.2%. It 

is unknown whether the composition of the Asian American population differed between 

studies. NHANES data on Asian Americans is self-reported and may include those with 

ancestry from Central, East, North, South, Southeast, and West Asia. Although the present 

data are more nationally representative than prior studies conducted using NHANES data, 

future studies would benefit from larger cohorts that can stratify Asian subgroups so that 

heterogeneity is not masked when Asian populations are combined for analyses (18).

Notably, there was a relatively high prevalence of elevated ALT at the ULN among Asian 

adolescents with overweight compared to White adolescents. This finding raises the question 

of whether Asian American adolescents are at increased risk for NAFLD at a lower BMI 

compared to other adolescents. Asian adults are known to have increased metabolic risk 

at lower BMI levels, including diabetes and cardiovascular disease(22), prompting a BMI 

threshold of BMI of >23 kg/m2 recommended for diabetes screening in these populations 
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rather than a BMI of >25 kg/m2, the standard threshold for overweight or obesity (23, 24). 

Whether lower BMI intervention thresholds for Asian adolescents should be considered for 

metabolic screening of suspected NAFLD remains unaddressed in the pediatric population. 

Currently, children with overweight are only screened for NAFLD if there are added risk 

factors, which in one study of children with overweight in Southern California was only 

24%(8). If Asian children with overweight are at increased risk for NAFLD, screening may 

be beneficial regardless of additional risk factors.

Our data also demonstrate that there may be a continuum of at-risk adolescents with obesity 

based on elevated ALT level, and that the number recommended for further workup for 

suspected NAFLD is substantially lower at 2X-ULN compared to ULN. Pediatric guidelines 

recommend using the clinical action threshold (2X-ULN) in children with obesity as a 

screening test for NAFLD; but it is unknown whether this is the best cut-point to use. 

There are major implications for selecting a specific screening value that may lead to 

widely different approaches for clinical care, emphasizing the need for more data to inform 

clinical action thresholds in different populations. Only a few studies have directly compared 

the ability of the ULN versus 2X-ULN to detect NAFLD in children (25) (26) and they 

demonstrate a notable compromise in sensitivity utilizing 2X-ULN (sensitivity 23–35%) 

compared to ULN (sensitivity 74–81%). Because 2X-ULN has a low sensitivity, its use 

may result in missed opportunity for further evaluation and potential diagnosis of NAFLD 

and its sequelae. Moreover, among children with NAFLD and ALT values between ULN 

and 2X-ULN, fibrosis is commonly reported(27). The degree of elevation of ALT is only 

moderately correlated with the severity of NAFLD(28–30). In cases series the mean ALT 

for those with steatohepatitis is approximately 30 U/L higher than those children who have 

NAFLD but not steatohepatitis, and the mean ALT is approximately 40 U/L higher in those 

with fibrosis than those without fibrosis. However, there is substantial person to person 

variation indicating there is no specific ALT level that correctly classifies disease severity.

Our study was limited by the cross-sectional nature of NHANES and the relatively small 

number of Asian American children included in NHANES when compared to adolescents 

of Black or White race, or Hispanic ethnicity. As such, the lower proportion of Asian 

adolescents with obesity limited the ability to fully examine the prevalence of elevated ALT 

at 2X-ULN within subgroups. Despite these limitations, our study is the first to address 

elevated ALT in Asian American adolescents at the national level and is further strengthened 

by the NHANES research sampling method which allows for best identification of a 

representative sample of individuals. Furthermore, despite the availability of only a single 

value of ALT given the cross-sectional nature of NHANES, we were able to exclude 

other causes of elevated aminotransferases, including known liver pathology, hepatotoxic 

medications, and viral hepatitis. To further determine a more precise screening threshold 

of ALT for NAFLD in adolescents, examination of both ALT and a reliable, non-invasive 

measure of steatosis such as magnetic resonance imaging proton density fat fraction (MRI-

PDFF), a non-invasive quantitative and accurate measure of liver fat content(31) are needed. 

A study of sufficient ethnic diversity and magnitude will help assess where the most 

appropriate cut-point may be within the spectrum from the biological threshold/ULN to 

the clinical action threshold/2X-ULN.
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Conclusions

The prevalence of elevated ALT, and thus suspected NAFLD, is high in U.S. adolescents and 

has increased over time. The choice of ALT threshold creates a vastly different number of 

adolescents who are recommended for further evaluation for suspected NAFLD. Our work 

also highlights the potential vulnerability of Asian American adolescents to NAFLD at a 

lower BMI level and this understudied population should be further investigated. Given 

the increasing prevalence of NAFLD and its disease burden, the optimal threshold of 

ALT that warrants further evaluation and diagnostic confirmation of NAFLD needs to be 

determined across different populations and has implications for epidemiologic studies and 

future clinical practice. Future work should continue to inform clinical guidelines as we 

further understand how elevated ALT relates to true NAFLD prevalence.
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What is known:

• Nonalcoholic liver disease (NAFLD) is a common liver disease in 

adolescents.

• NAFLD is more common in Hispanic adolescents and less common in Black 

adolescents.

• Asian American adolescents are a growing and understudied group who may 

be at risk for NAFLD.

What is new:

• The prevalence of elevated ALT has increased to one in six adolescents in the 

U.S.

• For Asian adolescents in the U.S., prevalence of elevated ALT was 16.5% 

overall, 27.0% in those with overweight, and 43.1% in those with obesity
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FIGURE 1. 
Figure shows the prevalence of elevated alanine aminotransferase (ALT) across a continuous 

threshold from the upper normal limit (ULN) to 2X-ULN of ALT for adolescents with 

obesity categorized by self-reported race or ethnicity.
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Table 1:

Study Population Characteristics

Characteristics All 
groups 

(n = 4,613)

Asian 
(n = 519)

Black 
(n = 1,153)

Hispanic 
(n = 1,510)

White
(n = 1,431)

Age, y, mean (SD) 15.4 (2.2) 15.5 (2.1) 15.4 (2.2) 15.3 (2.3) 15.4 (2.2)

Sex, % (n)

 Male 51 (2,354) 51 (273) 51 (595) 52 (737) 50 (749)

 Female 49 (2,259) 49 (246) 49 (558) 48 (773) 50 (682)

BMI Percentile, % (n)

 < 85th 61 (2,721) 74 (382) 55 (618) 54 (816) 64 (885)

 ≥85th – < 95th 17 (788) 13 (66) 18 (198) 19 (293) 16 (231)

 ≥ 95th 22 (1,104) 12 (71) 28 (317) 27 (401) 20 (315)

ALT U/L, mean (SD) 19.1 (14.3) 18.6 (12.9) 17.1 (11.3) 20.6 (15.7) 18.9 (14.3)

*
All data within the chart represent characteristics of the weighted population. The raw numbers of participants within each category are shown in 

parenthesis demarcated as (n).
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Table 2:

Prevalence of elevated ALT stratified by Ethnicity, Race and BMI category

Group BMI Category Percent Elevated ALT 95% CI

All

All 16.5 15.2 – 17.9

healthy 8.8 7.6 – 10.2

overweight 13.9 11.1 – 17.1

obesity 39.5 35.8 – 43.3

Asian

All 16.5 13.4 – 20.0

healthy 10.2 7.3 – 13.8

overweight 27.0 16.6 – 39.3

obesity 43.1 34.5 – 58.7

Black

All 10.7 8.9 – 12.6

healthy 6.4 4.6 – 8.5

overweight 8.4 5.0 – 12.7

obesity 20.7 16.2 – 25.7

Hispanic

All 21.8 19.7 – 24.0

healthy 12.3 10.1 – 14.8

overweight 17.7 13.2 – 22.8

obesity 43.5 38.4 – 48.7

White

All 15.8 13.8 – 18.0

healthy 8.1 6.3 – 10.1

overweight 12.8 8.5 – 18.0

obesity 43.0 36.9 – 49.4

*
Numbers displayed in the chart reflect the weighted prevalence
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Table 3.

Adjusted Odds of having elevated ALT

Effect Odds Ratio 95% Confidence Interval P-Value

Age, y 1.2 1.2—1.3 P <0.001

Sex

 Female Reference ------ ------

 Male 2.2 1.7—2.7 P <0.001

Race and Ethnicity

 White, non-Hispanic Reference ------ ------

 Asian, non-Hispanic 1.3 1.0—1.8 P = 0.10

 Black, non-Hispanic 0.5 0.4—0.7 P <0.001

 Hispanic 1.3 1.1—1.6 P < 0.05

Body Mass Index

 Healthy Reference ------ ------

 Overweight 1.8 1.3—2.4 P < 0.001

 Obesity 7.9 6.2—10.1 P <0.001
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