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Abstract
Background & Aims—The appropriate alanine aminotransferase (ALT) threshold value to use
for diagnosis of chronic liver disease in children is unknown. We sought to develop sex-specific,
biology-based, pediatric ALT thresholds.
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Methods—The screening ALT for elevation in today’s youth (SAFETY) study collected
observational data from acute care children’s hospitals, the national health and nutrition examination
survey (NHANES, 1999–2006), overweight children with and without non-alcoholic fatty liver
disease (NAFLD), and children with chronic Hepatitis B virus (HBV) or Hepatitis C virus (HCV)
infections. The study compared the sensitivity and specificity of ALT thresholds currently used by
children’s hospitals versus study-derived, sex-specific, biology-based, ALT thresholds for detecting
children with NAFLD, HCV, or HBV.

Results—The median upper limit of ALT at children’s hospitals was 53 U/L (range, 30–90). The
95th percentile levels for ALT in healthy weight, metabolically normal, liver disease-free, NHANES
pediatric participants were 25.8 U/L (boys) and 22.1 U/L (girls). The concordance statistics of these
NHANES-derived thresholds for liver disease detection were 0.85 (95% confidence interval [CI]
0.74–0.96) in boys and 0.91 (95% CI 0.83–0.99) in girls for NAFLD, 0.80 (95% CI 0.70–0.91) in
boys and 0.79 (95% CI 0.69–0.89) in girls for HBV, and 0.86 (95% CI 0.77–0.95) in boys and 0.84
(95% CI 0.75–0.93) in girls for HCV. Using current children’s hospitals ALT thresholds, the median
sensitivity for detection of NAFLD, HBV, and HCV ranged from 32% to 48%; median specificity
was 92% (boys) and 96% (girls). Using NHANES-derived thresholds, the sensitivities were 72%
(boys) and 82% (girls); specificities were 79% (boys) and 85% (girls).

Conclusions—The upper limit of ALT used in children’s hospitals varies widely and is set too
high to reliably detect chronic liver disease. Biology-based thresholds provide higher sensitivity and
only slightly less specificity. Clinical guidelines for use of screening ALT and exclusion criteria for
clinical trials should be modified.
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Introduction
Chronic liver disease is an increasingly important clinical problem in children and adolescents.
1 Screening for chronic liver disease is most commonly done using serum alanine
aminotransferase (ALT) activity. Pediatric clinical trials use ALT to exclude potential subjects
with liver disease. Numerous national guidelines recommend the use of ALT to screen for
nonalcoholic fatty liver disease (NAFLD) in overweight and obese children.2-4

Despite the widespread use of ALT in pediatrics, the threshold value for detecting liver disease
in children is unknown and the proper interpretation of ALT assays performed in children is
unclear. Due to these uncertainties, laboratories establish their own normal ranges for ALT
based on analyses of their local populations. Laboratories, however, do not exclude children
with NAFLD from these population samples. Therefore the distribution of ALT values may
be skewed upwards, and the upper limit of normal (ULN) will be set falsely high. In adults,
there has been an increasing acceptance that the clinically relevant ULN for ALT is lower than
frequently used,5 and it is likely the same is true for children. If so, many children with
potentially treatable liver disease may be missed or exposed to unnecessary risk by taking
potentially hepatotoxic medicines. Moreover, clinical trials commonly use a cutoff of 2 to 3
times the ULN as a means to exclude subjects with liver disease. As the ULN value is not
standardized, the ALT threshold used to protect against including pediatric subjects with occult
liver disease may vary widely across hospitals, research centers, and geographic locations.

It is important to have a uniform standard for normal values of ALT in children. The liver
SAFETY (Screening ALT For Elevation in Today’s Youth) study was conducted to help
develop such a standard and had the following aims: 1) to determine the ALT thresholds used
currently in acute care children’s hospitals in the United States, 2) to develop new gender-
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specific biologically-based ALT thresholds derived from a national population sample of
children free of known liver disease or established risk factors for liver disease, and 3) to
compare the sensitivity and specificity of the ALT thresholds in current use with the study-
derived ALT thresholds for classifying children as having or not having 3 common forms of
chronic liver disease (Hepatitis B virus (HBV), Hepatitis C virus (HCV), and NAFLD).

METHODS
Aim 1: Determination of ALT thresholds in current use

We surveyed all freestanding acute care children’s hospitals in the United States (n = 43), (see
Appendix 1 for list). Clinical laboratories provided the ALT reference range used at their
respective center for boys and girls between the ages of 2 through 17 years. Data on how each
institution determined its normal range was not provided. However because of strong data
supporting a gender-specific difference in the normal threshold value of ALT in adults,
information was obtained regarding the use of gender-specific normal values.

Aim 2: Population-based determination of ALT threshold
In order to determine the distribution of ALT in a nationally representative sample, we included
participants of the National Health and Nutrition Examination Survey (NHANES) 1999 to
2006 between ages of 12 through 17 who had ALT measured. In order to define a group of
children without liver disease or known risk factors for liver disease, numerous exclusions
were made. The product inserts of all medications reported by NHANES participants were
reviewed; 90 medications had an association with hepatotoxicity and/or ALT elevation (see
Appendix 2). We excluded participants who used any of these 90 medications. Fatty liver is
associated with both underweight and overweight. Therefore we excluded participants who
were underweight, overweight or obese as defined by having a BMI percentile outside the
normal range of the 5th percentile to < 85th percentile.2

We also excluded subjects with viral hepatitis, HIV, or iron overload. Hepatitis B surface
antigen was tested using the Auszyme Monoclonal test (Abbot Diagnostics). All specimens
considered reactive initially were repeat-tested in duplicate using the same procedure. If either
of the repeat tests were reactive, the specimens were considered positive and subjects were
excluded. Hepatitis C antibody was measured using the direct solid-phase enzyme
immunoassay. Positive specimens were tested using the Chiron RIBA 3.0 Strip Immunoblot
Assay (Chiron Corporation, Inc). Subjects with a positive or indeterminate RIBA result were
excluded. HIV antibody was tested using the Synthetic Peptide Enzyme Immunoassay (Bio-
Rad Laboratories, Redmond, WA) to HIV-1 or HIV-2. Positive specimens were confirmed
using the Cambridge Biotech HIV Western Blot Kit (Calypte Biomedical Corporation,
Rockville, MD). Iron overload was inferred if transferrin saturation >= 50%.

Because of the association between fatty liver and insulin resistance6 we excluded those
participants who were missing fasting laboratory data as well as those with any of the following
metabolic risk factors for NAFLD: elevated serum triglyceride( >150 mg/dL), low serum HDL-
cholesterol (<40 mg/dL for boys or < 50 mg/dL for girls), or impaired fasting glucose ( ≥ 100
mg/dL).7 Table 1 shows the characteristics of the sample with fasting labs before and after
exclusions. Figure 1 shows the flow of inclusion and exclusion.

Aim 3: Clinically characterized samples with and without chronic liver disease
In order to test the sensitivity and specificity of ALT thresholds, we assembled a group of
children with normal livers and 3 groups of children with liver disease: HBV, HCV, and
NAFLD. The demographics of these groups are shown in Table 2. The protocol was approved
by the institutional review boards of the UC San Diego (La Jolla, CA) and Mount Sinai Medical
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Center (New York, NY). The parent(s) of all subjects < 18 years of age provided written
informed consent for their children. Written assent was obtained from all children age 7 to 17.

Normal livers
The challenge was to identify children with normal livers without selecting for serum ALT
activity. Therefore we screened children with magnetic resonance imaging (MRI) to determine
the absence of fatty liver. Additional requirements to assure the presence of a normal liver were
no use of potentially hepatotoxic medications (see Appendix 2), absence of known chronic
liver disease, absence of chronic alcohol consumption, normal laboratory studies (complete
blood count, CRP, negative HCV antibody, negative HBsAg). There is controversy regarding
the amount of liver fat, as measured by MRI, which can be considered normal. Because MRI-
estimated liver fat fractions as small as 3% may be abnormal, we defined normal as a liver fat
fraction between 0 and 2%.8

NAFLD
Because children are typically referred for NAFLD based upon serum ALT elevation, we
sought to identify children with NAFLD without regard for serum ALT activity. Obese children
with unknown liver status were recruited for MRI. In order to be included in the NAFLD group,
participants needed to be free from any potential reason for hepatic steatosis other than NAFLD
including medication (amiodarone, glucocorticoids, L-asparaginase, valproic acid), chronic
disease (cystic fibrosis, HIV, hepatitis C, Wilson’s disease, celiac disease, type 1 diabetes
mellitus), and chronic alcohol consumption. Liver fat fraction ≥ 5% was defined as fatty liver.
9

Viral Hepatitis
The HBV and HCV groups were identified from children referred to a pediatric liver clinic.
Children with viral hepatitis were not included nor excluded on the basis of ALT. Children co-
infected with both hepatitis B and C, or with HIV were excluded. A diagnosis of chronic HBV
was based upon: 1) persistently positive HBsAg for > 6 months, and 2) elevated serum HBV
DNA. A diagnosis of chronic hepatitis C virus infection was based upon: 1) age > 18 months,
2) positive anti-hepatitis C antibody titer, and 3) detectable hepatic C virus by serum PCR.

MRI Protocol
Hepatic fat fraction was measured non-invasively using MRI with a modified Dixon technique.
10 Subjects were scanned at 1.5T (Siemens Symphony, Siemens Medical Systems, Erlangen,
Germany). Multi-slice two-dimensional spoiled gradient recalled echo images were obtained
in the axial plane. To minimize T1 effects, a low flip angle (10°) was used with a repetition
time of 122 msec.11-13 To assess fat-water signal interference effects and correct for T2*
effects,11, 13, 14 six echoes were obtained at serial out-of-phase and in-phase echo times (2.3,
4.6, 6.9, 9.2, 11.5, 13.8 msec) during a single breath-hold.

For each subject, images at each of the six echo times were reviewed on a diagnostic-quality
digital monitor. Avoiding organ boundaries, imaging artifacts, major vessels and bile ducts, a
single elliptical region of interest, approximately 300-400 mm2, was manually selected within
a representative slice of liver parenchyma. The mean signal intensity within each ROI was
measured and recorded. As described by Bydder, the measured signal intensity variation was
modeled as a function of echo time.13 This method models the interference between fat-water
and fat-fat while also correcting for exponential T2* decay and computes the fat fraction
(defined as [fat/(fat+water)]) in the liver region of interest.
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Data Analysis
Data were expressed as means ± standard deviations or medians with inter-quartile ranges.
NHANES 1999 – 2006 participants without risk factors for liver disease were used to derive
a new ALT cut point. NHANES was based on a complex, multistage, stratified, clustered
probability sampling which could not be treated as a simple random sample. The SUDAAN
9.0 module (Research Triangle Institute, Research Triangle Park, NC) was used to incorporate
primary sampling unit, strata and weighting into the analysis15. The 95th percentile of serum
ALT was determined separately for boys and girls and was used to define new gender-specific
ALT thresholds which could be tested in the subsequent analyses.

To perform sensitivity and specificity calculations, clinically characterized samples with
normal livers were combined with those participants with HBV, HCV, and NAFLD. The ROC
curve of various ALT cut points was plotted for each disease and gender. The sensitivity and
[1-specificity] of ALT cut points currently utilized by the children’s hospitals were plotted on
the ROC curves. The sensitivity and specificity of each hospital cut-point and the NHANES-
derived proposed cut-point were recorded. The concordance statistics and 95 percent
confidence interval of serum ALT in detecting HBV, HCV, and NAFLD was calculated using
Delong’s method.

RESULTS
Normal values in current use

The median and range for the ULN used for serum ALT activity by children’s hospitals was
53 U/L (30 to 90). Gender-specific normal values were used at 44% (19/43) of children’s
hospitals. When restricted to hospitals using gender-specific cut-points the median ULN for
boys was 50 U/L (30 to 70) and for girls was 40 U/L (29 to 65).

NHANES derived normal values
Among all NHANES participants age 12 to 17 years, before excluding those with risk factors
for liver disease, the 95th percentile for ALT was 37.2 U/L in boys and 26.0 U/L in girls. The
flow chart in figure 1 shows how the NHANES reference sample was developed. After all
exclusions were applied 982 participants remained (548 boys and 434 girls). The 95th percentile
for ALT in this reference sample was 25.8 U/L in boys and 22.1 U/L in girls. Using ALT >25
U/L for boys and ALT > 22 U/L for girls as the threshold for abnormal ALT, 5.3% of boys
and 4.4% of girls in the reference sample had elevated serum ALT activity.

Application of Existing and Newly Proposed Cut-points
Prevalence of abnormal ALT in United States—Among all adolescents in NHANES
that had ALT available (n = 6257), using the median cutoffs currently used by children’s
hospitals, 2.4% (95% CI 1.7% - 3.4%) of boys and 1.3% (95% CI 0.9% – 2.0%) of girls had
abnormal ALT. Using the threshold values defined by the healthy weight, metabolically
normal, liver disease-free reference sample, 15.0% (95% CI 13.3% - 16.9%) of boys and 8.6%
(95% CI 7.2% - 10.2%) of girls had abnormal ALT. Based on the weighting of the NHANES
design, approximately 1,631,000 boys and 787,000 girls age 12 – 17 in the United States would
be classified as normal using the median ALT threshold of children’s hospitals but abnormal
according to the threshold defined by the reference sample of healthy subjects.

Detection of Chronic Liver Disease—ROC curves were developed separately for boys
and girls (figures 2 and 3). Plotted on these figures are the sensitivity and [1-specificity] for
each form of chronic liver disease (HBV, HCV, and NAFLD) of each ALT threshold value in
current use by a children’s hospital in the United States. The concordance statistics for detection
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of liver disease was 0.80 (95% CI 0.70 – 0.91) for HBV, 0.86 (95%CI 0.77 – 0.95) for HCV,
and 0.85 (95%CI 0.74 – 0.96) for NAFLD. In girls, the concordance statistics were 0.79 (95%
CI 0.69 – 0.89) for HBV, 0.84 (95%CI 0.75 – 0.93) for HCV, and 0.91 (95%CI 0.83 – 0.99)
for NAFLD.

Table 3 shows the sensitivity and specificity for the ALT thresholds used in children’s hospitals
and for the NHANES-derived threshold. For the children’s hospitals ALT thresholds,
sensitivity was low for HBV, HCV, and NAFLD in boys and girls, with median sensitivities
ranging from 32% to 48%. By comparison, the median specificities were high: 92% in boys
and 96% in girls. When the NHANES-derived threshold was applied for boys the sensitivity
increased to 72% for HBV, 85% for HCV, and 80% for NAFLD. The specificity decreased to
79%. For girls, using the NHANES-derived ALT cut-point of >22 U/L improved sensitivity
to 74% for HBV, 79% for HCV, and 92% for NAFLD. The specificity decreased to 85%.

DISCUSSION
We used a multi-modal approach to characterize ALT thresholds in children. The survey of
children’s hospitals in the United States showed that laboratories vary widely in the ULN value
used for ALT, most laboratories use values that are falsely high, and fewer than half of hospitals
use gender-specific values. The analysis of a large population-based sample restricted to
metabolically normal children showed that the statistically defined ULN for ALT was less than
half of the median value currently used for children in the United States. The analysis of
diagnostic performance in children with and without liver disease showed that ALT thresholds
in current use had low sensitivity for detection of liver disease. The gender-specific thresholds
derived from the analysis of the NHANES population doubled the sensitivity with only a small
reduction in specificity.

The wide variability in ULN of ALT at children’s hospitals is not attributable to the equipment
or laboratory used to measure ALT activity. As part of the laboratory accreditation program,
the College of American Pathologists sends standardized samples to clinical laboratories for
assessment of ALT activity. As shown by Tetri et al., standardized samples analyzed in
different laboratories with different analyzers from different manufacturers had only a modest
difference in measured ALT activity; the standard deviation between laboratories was 2 U/L.
18 Moreover, many laboratories use populations as small as 100 people to set their normal
range for an assay such as ALT. Therefore the widely divergent ALT ULN values used by
laboratories are likely related to the characteristics of the populations used by individual
laboratories to define their own reference ranges. If potentially silent liver disease such as
NAFLD is not excluded, then the distribution of ALT would be expected to be falsely skewed
upwards.

The large variability in the ULN values used in children’s hospitals has broad implications for
patient care and patient safety. Millions of children take medication for chronic diseases.
Biochemical monitoring for hepatoxicity is important for many such medications and requires
reliable interpretation of assays including ALT.19 However, in current practice, a child may
or may not have a drug reaction identified, depending upon where he or she lives. Another
example of the problem with locally defined ULN is the impact upon whether or not a child
with HBV infection is considered eligible for treatment. Guidelines currently recommend
treatment only for those patients with chronic HBV infection who have an ALT > 2 times the
ULN.20 The current data demonstrate that this threshold could be interpreted as being anywhere
from 44 U/L (2 times the proposed threshold for girls) to 180 U/L (2 times the highest ULN
in use) with the median ULN in current use producing a required value of 106 U/L. Thus
whether a child is treated or not and potentially whether the treatment is covered by insurance
is based upon a flawed construct.
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The current study explains existing limitations in the utility of ALT as a screening tool for
chronic liver disease and offers meaningful improvements. We incorporated the methodology
of Prati et al.5 who calculated a statistically-defined ULN of normal in Italian adult blood
donors without viral hepatitis or known risk factors for liver disease, applied this to children,
and provided data on sensitivity and specificity. In current practice ALT has sensitivities for
the detection of chronic hepatitis that range from 30 to 40%. Using a biologically-determined,
gender-specific threshold substantially improved the sensitivity into the 70-80% range, while
only modestly reducing the specificity from about 90% to about 80%. Thus, using this new
threshold, ALT has utility as an important component in screening for liver disease, but it
should not be considered a definitive test. These data are particularly important because of the
increase in screening for liver disease in children based upon recent recommendations to screen
for NAFLD in overweight and obese children.3,4 Several authors have shown that children
may have NAFLD with ALT values that were perceived to be normal. Notably, when the
threshold of ALT > 25 for boys and > 22 for girls is applied to the entire NHANES sample,
the prevalence of elevated ALT yields an estimate for NAFLD that is consistent with the
prevalence of pediatric fatty liver disease as estimated by a population-based autopsy study.16

Hy Zimmerman observed that substantial hepatotoxicity could be defined as ALT activity ≥ 3
times the ULN plus serum bilirubin concentration ≥ 2 times the ULN.23 The Food and Drug
Administration advocated the use of Hy’s rule in the assessment of the hepatotoxicity of newly
developed drugs.21, 22 Treatment trials are to be stopped if these criteria are fulfilled. Because
this definition relies upon the local laboratory definition for ULN, the threshold for ALT
applied in children’s hospitals could range from 90 to 270 U/L. Such a large discrepancy is
driven by outdated logistics rather than biology. Moreover, although Hy’s rule was intended
as stop point and not as a means of detecting chronic liver disease, clinical trials commonly
use a baseline ALT value of 3 times the ULN as the means to exclude participants with liver
disease. As the data from the current study show, this criterion will fail to exclude the majority
of children with chronic hepatitis. Thus if pediatric clinical trials are to appropriately exclude
children with liver disease and help assure safety of trial participants, a major revision in
standard operating procedure is required.

The use of a nationally representative sample allowed for these results to be generalized to
children in the United States and allowed for the control of BMI percentile, medications, and
laboratory parameters. The study was further strengthened by the use of a multi-center sample
of children with clinical liver disease. In addition, a state of the art MRI technique was used
as an objective method to demonstrate normal livers and to identify fatty livers. A limitation
of the study was that ALT measurements were made at a single point in time. Thus intra-
individual variability in ALT with repeated measurement was not assessed. Another limitation
was the absence of histological assessment of disease severity. In addition there were not data
to determine whether there was any effect of pubertal status on the appropriate threshold value
for ALT. However, it would impractical to require Tanner staging for the interpretation of a
common laboratory test such as ALT. A final limitation is that positive and negative predictive
values could not be determined because these are population specific.

In conclusion, ULN values widely used for ALT in children are too high to reliably detect
chronic liver disease. There is considerable hospital-to-hospital variability that is not based
upon biology nor assay characteristics. This creates randomness in whether children with
chronic liver disease are identified. Moreover, these findings have important ramifications for
pediatric clinical trials and implications for medical management of children with chronic
disease.27 We propose that: 1) there be a re-examination of laboratory thresholds used for
children, 2) exclusion criteria for clinical trials should be modified to properly identify children
with liver disease, and 3) physicians consider using the values derived from this study to
identify children with possible liver disease. Studies in varied populations will be needed to
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prospectively test these values for the ability to determine the presence and absence of liver
disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Inclusion and Exclusion for NHANES Reference Population
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Figure 2. Receiver Operating Characteristic (ROC) curves for ALT in Boys and Girls
Shown in Figure 2 for boys and Figure 3 for girls are the sensitivity and [1-specificity] of ALT
in detecting Hepatitis B Viral Infection (Figure 2A, 3A), Hepatitis C Viral Infection (Figure
2B, 3B), and Nonalcoholic Fatty Liver Disease (Figure 2C, 3C). Plotted along the ROC curves
are the ALT thresholds currently utilized by children’s hospitals (marked with: x) and the
biologically-derived ALT threshold (marked with: o). The numbers on the ROC curves
represent the median and interquartile range of ALT thresholds currently used by children’s
hospitals, as well as the biologically- derived ALT threshold.
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Figure 3. Receiver Operating Characteristic (ROC) curves for ALT in Boys and Girls
Shown in Figure 2 for boys and Figure 3 for girls are the sensitivity and [1-specificity] of ALT
in detecting Hepatitis B Viral Infection (Figure 2A, 3A), Hepatitis C Viral Infection (Figure
2B, 3B), and Nonalcoholic Fatty Liver Disease (Figure 2C, 3C). Plotted along the ROC curves
are the ALT thresholds currently utilized by children’s hospitals (marked with: x) and the
biologically-derived ALT threshold (marked with: o). The numbers on the ROC curves
represent the median and interquartile range of ALT thresholds currently used by children’s
hospitals, as well as the biologically- derived ALT threshold.
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Table 1
Demographic and metabolic characteristics NHANES reference sample

Total Sample Final Sample

Characteristic Boys
(N = 2029)

Girls
(N = 1942)

Boys
(N = 548)

Girls
(N = 434)

Age, mean (SD), y 14.5 (1.7) 14.6 (1.7) 14.5 (1.8) 15.1 (1.8)

Race/Ethnicity, N (%)

 African American, non-Hispanic 300 (14.8) 255 (13.1) 100 (18.4) 61 (14.0)

 Hispanic 371 (18.3) 365 (18.8) 95 (17.3) 78 (18.0)

 White, non-Hispanic 1244 (61.3) 1196 (61.6) 302 (55.0) 254 (58.6)

 Other, non-Hispanic 114 (5.6) 126 (6.5) 51 (9.3) 41 (9.4)

Triglyceride mean (SD), mg/dL 91 (83) 85 (43) 68 (26) 66 (23)

HDL-Cholesterol, mean (SD), mg/dL 49 (12) 53 (12) 54 (10) 62 (10)

Glucose, mean (SD), mg/dL 95 (17 ) 90 (10) 91 (10) 87 (6)

ALT, mean (SD), U/L 21 (12) 16 (6) 18 (5) 15(5)
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Table 2
Demographics of clinically characterized children with and without liver disease

Normal HBV HCV NAFLD

Age, mean (SD), y 12.7 (2.9) 9.3 (5.9) 10.3 (5.4) 13.2 (2.7)

Sex, N (%)

 Boys 24 (48) 47 (47) 48 (48) 25 (50)

 Girls 26 (52) 53 (53) 52 (52) 25 (50)

ALT, mean (SD), U/L 22 (11) 61 (95) 55 (49) 50 (39)
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Table 3
Sensitivity and Specificity of ALT

Sensitivity

ALT Threshold Used HBV HCV NAFLD Specificity

Children’s Hospitals

 Boys, median (IQR) 35 (28 – 41) 44 (35 –48) 32 (24 – 40) 92 (88–100)

 Girls, median (IQR) 41 (33 – 63) 48 (40 – 67) 36 (24 – 52) 96 (92 – 100)

NHANES derived

 Boys 72 85 80 79

 Girls 74 79 92 85
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