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Using a clinically actionable threshold for alanine aminotransferase to define suspected
nonalcoholic fatty liver disease (NAFLD) in US children with obesity, the risk of suspected
NAFLD was highest for Asian and Hispanic race/ethnicity, male sex, and severe obesity.

The incidence of nonalcoholic fatty liver disease (NAFLD), the most common cause of
chronic liver disease in children, is increasing rapidly (1-3). Estimates are that NAFLD

is present in 5-10% of all children in the United States (2, 4). The prevalence appears to
vary markedly by race and ethnicity. Rates are highest in Hispanic children and lowest in
Black children (2). Data for Asian children in the U.S. are limited. NAFLD may progress to
end stage liver disease and is now the fastest rising cause of liver transplantation in young
adults (5-8). In addition to liver-related morbidity and mortality, NAFLD is associated with
multiple extrahepatic comorbidities such as type 2 diabetes, hypertension, dyslipidemia, and
mental health conditions (5, 9-12). Because of the long-term complications of NAFLD
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in children and young adults, pediatric societies recommend screening for NAFLD in all
children ages 9-17 years with obesity using serum levels of alanine aminotransferase (ALT)
(5). The North American Society for Pediatric Gastroenterology, Hepatology & Nutrition
(NASPGHAN) recommends further evaluation if the screening ALT level is 244 U/L in
females or =52 U/L in males (5). Studies have not evaluated the rate of positive screening
tests for NAFLD using these cutoffs in a primary care setting. Moreover, studies have not
included settings with Asian American representation. This lack of data has implications on
health disparities research, as well as clinical implications when screening among diverse
populations in the US. The aim of this study was to evaluate the prevalence of positive
screening tests for NAFLD in children with obesity using the society guidelines thresholds
with specific attention to differences in prevalence by race and ethnicity.

METHODS

We conducted a cross-sectional study within Kaiser Permanente Northern California
(KPNC), using electronic health record data from children aged 9-17 years with body
mass index (BMI) =95th percentile at well-child visits (2012-2014) and screening ALT
measurement within one year of the visit. The study was approved by the KPNC
Institutional Review Board and a waiver of informed consent was obtained.

Obesity was defined as BMI percentile 295 percentile calculated from well-child height
and weight measures and was classified as mild to moderate (BMI 100% to <120% of the
95t percentile) or severe (BMI =120% of the 95t percentile) (13). Race and ethnicity data
were derived from health plan databases and the electronic health record and categorized

as Asian or Pacific Islander, Black, Hispanic, or non-Hispanic White. Asian and Pacific
Islanders included those of East, Southeast, and South Asian ethnicity and Native Hawaiians
or Pacific Islanders. Less than 5% of children had race classified as other or unknown and
they were excluded from multivariable analyses.

The selection of ALT threshold to use in screening for NAFLD is controversial. In the
Screening ALT for Elevation in Today’s Youth (SAFETY) study (14), the biological upper
limit of normal for ALT was determined to be 22 U/L in females and 26 U/L in males. In

a study of children who were screened for NAFLD by their primary care pediatrician and
referred to pediatric gastroenterology, having an ALT two times these biological cutoffs
was shown to have high sensitivity for NAFLD, nonalcoholic steatohepatitis (NASH)

and advanced fibrosis (15). The specificity was low, as repeat measures were needed

to demonstrate chronicity and additional evaluation was needed to determine the correct
diagnosis. The NASPGHAN guidelines recommended that children who had a screening
ALT level above these thresholds should have ALT repeated and if the value remained above
these thresholds then should have additional evaluation for the etiology of ALT elevation
(5). We therefore defined elevated ALT based on the cutoffs that are recommended to guide
clinical action (ALT =44 U/L for girls, and =52 U/L for boys) (5).

The prevalence of elevated ALT levels, with 95% confidence intervals (Cls), was reported
for each demographic subgroup by sex and obesity severity. Multivariable logistic regression
was used to estimate odds ratios (ORs) and 95% Cls to examine independent associations
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of race and elevated ALT, adjusting for age, sex, and obesity severity. All analyses were
conducted using SAS statistical software (version 9.4, Cary, NC). Statistical tests were
two-sided, and statistical significance was defined as p<0.05.

This study included 12,945 children with obesity ages 9 to 17 years old receiving care in a
Northern California integrated healthcare system. The mean age was 13.5 (+ 2.4) years and
54.8% were male. Self-reported race and ethnicity was classified as follows: 16.5% Asian
or Pacific Islander (Asian), 10.0% Black, 48.9% Hispanic, and 19.7% non-Hispanic White
(White). The distribution of obesity included 7,552 (58.3%) with mild to moderate obesity
and 5,393 (41.7%) with severe obesity. Table | shows the demographic characteristics of the
population by race and ethnicity.

The overall prevalence of clinically actionable ALT elevation in children with obesity was
7.8%. (95% CI 7.3-8.2%). The prevalence was twice as high in males as it was in females
(10.0% vs. 5.0%; p<0.001). Children with severe obesity (11.2%, 95% CI 10.4-12.0%) had
significantly higher prevalence of elevated ALT levels than children with mild to moderate
obesity (5.3%, 95% CI 4.8-5.8%; P< .001). The proportion of children with obesity who
had elevated ALT varied by race and ethnicity in both males and females (Table 2). For
males, the prevalence of ALT elevation was highest in Hispanic children (12.0%) and Asian
children (10.4%) and lowest in Black children (3.1%). For females, the overall trend was
similar with the highest prevalence of elevated ALT in Asian (7.7%) and Hispanic (6.1%)
females. The lowest prevalence of ALT elevation was in Black females (1.7%). In those
with severe obesity, the prevalence of ALT elevation was highest in Asian males (16.7%)
and Hispanic males (16.3%) with lowest prevalence in Black males (4.3%). For females, the
prevalence was also highest in Asian (13.4%) and Hispanic females (9.5%) with the lowest
prevalence in Black females (2.3%).

In multivariable analyses adjusting for age, sex and obesity severity, Hispanic ethnicity

(OR 1.75, 95% CI 1.44-2.12) and Asian race (OR 1.84, Cl 1.46-2.31) were associated

with greater odds of elevated ALT, and Black race (OR 0.39, ClI 0.26-0.58) was associated
with lower odds of elevated ALT compared with children of White race and non-Hispanic
ethnicity. In this same multivariable adjusted model, males had nearly twice the odds of ALT
elevation compared with females (OR 1.90, 95% CI 1.65-2.20). Obesity severity was also
strongly associated with ALT elevation; children with severe obesity had more than two-fold
higher odds of ALT elevation compared with children with mild to moderate obesity (OR
2.33, 95% CI 2.03-2.67).

DISCUSSION

We evaluated nearly 13,000 children ages 9 to 17 in pediatric primary care with obesity
who were screened for NAFLD using ALT levels in a large, integrated healthcare delivery
system. We found that 7.8% had ALT levels above the threshold for clinical action.
Independent of age, race, ethnicity, and level of obesity, males had two times the odds

of having elevated ALT compared with females. Asian race and Hispanic ethnicity were
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most strongly associated with the risk for elevated ALT. In addition, more severe obesity was
associated with a higher prevalence of elevated ALT.

Based on these study results, primary care pediatricians can potentially anticipate finding
actionable ALT elevation in one of every 13 patients with obesity that they screen for
NAFLD. In a large meta-analysis of the global prevalence of NAFLD identified by varying
criteria, the pooled prevalence of NAFLD was estimated to be 7.6% in the general
population of children and 34.2% in clinical obesity populations (16). A study of 408
children with obesity using liver magnetic resonance imaging (MRI) proton density fat
fraction found that the prevalence of NAFLD in children with obesity was estimated to be
26% (17). These latter findings suggest that using the clinical action threshold for ALT
likely underestimates the true prevalence of NAFLD in children with obesity. It should be
noted that these ALT cut points were not initially selected to identify all cases of NAFLD.
Rather, they were selected to identify children for further evaluation and follow-up who
were likely to have NAFLD with an increased likelihood of more severe disease such as
steatohepatitis and/or fibrosis (5).

Our study provides useful estimates for the prevalence of actionable ALT findings by sex,
race and ethnicity, and obesity level in a large community-based primary care practice

of children who underwent screening for suspected NAFLD. The finding that males had
twice the prevalence of ALT elevation as females is consistent with previous literature.
Similarly, the finding that elevated ALT levels were higher in Hispanic children and lower
in Black children is also consistent with existing literature. The finding that Asian American
children with obesity had a high prevalence of elevated ALT provides new and important
information. In the Study of Child and Adolescent Liver Epidemiology (SCALE), we noted
a high prevalence of NAFLD in Asian children (10.2%, 95%CI 3.0-17.5) but had limited
precision given that only 67 Asian children were studied (2). In a study from Chicago,
among 57 Chinese American children with obesity, 33% had an ALT than was greater

than the biological upper limit for ALT (22 U/L for girls, 26 U/L for boys), which was

half the threshold used in our study (18). Studies from Asia have reported high rates of
NAFLD in Asian children with obesity. In a nationally representative study in Korea, among
adolescents with obesity, the prevalence of suspected NAFLD based on elevated ALT =30
U/L was 24% (19). Asians are now the fastest growing race group in the U.S. with the

most common subgroups being Chinese, South Asian, Filipino, Vietnamese, Korean, and
Japanese (20, 21). We postulate that Asian American children with obesity are an important
risk group for NAFLD. This awareness is particularly important because there are data
suggesting that Asian American children with obesity and elevated ALT are less likely to be
evaluated for NAFLD than their non-Hispanic White counterparts, despite findings that the
elevated ALT levels among Asian children were higher (3).

Our study is limited by lack of data on cause of ALT elevation (including infectious,
toxin-mediated, or autoimmune causes) and confirmatory evidence of NAFLD. Furthermore,
we did not investigate pubertal status, the degree to which ALT levels were persistently
elevated, or other metabolic findings that may vary by race and ethnicity. Finally, these

data were derived from a clinical population where it is possible that the presence of other
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obesity-related conditions influenced the decision to measure ALT, introducing potential
selection bias.

Our findings emphasize the importance of screening for NAFLD in minority populations to
prevent long-term hepatic and extra hepatic adverse outcomes.
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Demographic and Clinical Characteristics of Children with Obesity

Table 1.

All Groups” Asian/P1 Black Hispanic White
N = 12,945 N =2136 N =1293 N = 6336 N = 2552

Age, mean + SD) 135+24 132+24 136+24 13424 13.8+24
Sex

Male 7087 (54.8%) | 1412 (66.1%) | 515(39.8%) | 3451 (54.5%) | 1328 (52.0%)

Female 5858 (45.3%) | 724 (33.9%) | 778 (60.2%) | 2885 (45.5%) | 1224 (48.0%)
Obesity Severity

Moderate 7552 (58.3%) | 1441 (67.5%) | 614 (47.5%) | 3591 (56.7%) | 1557 (61.0%)

Severe 5393 (41.7%) | 695 (32.5%) | 679 (52.5%) | 2745 (43.3%) | 995 (39.0%)
Elevated ALT? 1003 (7.8%) 203 (9.5%) 29 (2.2%) 591 (9.3%) 138 (5.4%)

PI = Pacific Islander; ALT = alanine aminotransferase activity level

*
Includes 628 (4.9%) of other or unknown race/ethnicity

iCIinicaIIy actionable elevated ALT level was defined according to the NASPGHAN guidelines: =44 U/L for girls and =52 U/L for boys (5)
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