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Abstract
Background & Aims—Nonalcoholic fatty liver disease (NAFLD) is the most prevalent liver
disease in American children. Noninvasive means to discriminate between NAFLD and nonalcoholic
steatohepatitis (NASH) might diminish requirement for liver biopsy or predict those at increased risk
for progression.

Methods—Data obtained prospectively from children (aged 6–17 yrs) enrolled in the NASH
Clinical Research Network (NASH CRN) were analyzed to identify clinical-pathological correlates
of pediatric NAFLD. All participants underwent liver biopsy within 6 months of clinical data that
was reviewed by a central pathology committee.

Results—176 children (mean age 12.4 years, 77% male) were eligible for inclusion. Using ordinal
logistic regression analysis, increasing AST (OR 1.017 per U/L, 95% CI 1.004–1.031) and GGT (OR
1.016 per U/L, 95% CI 1.000–1.033) were independently associated with increasing severity of
NASH. Increasing AST (OR 1.015 per U/L, 95% CI 1.006–1.024), increasing white blood cell count
(OR 1.22 per 1000/mm3, 95% CI 1.07–1.38), and decreasing hematocrit (OR 0.87 per %, 95% CI
0.79–0.96) were independently associated with increasing severity of fibrosis. Area under the ROC
for a model with AST and ALT was 0.75 (95% CI=0.66–0.84) and 0.74 (95% CI 0.63–0.85) for
distinguishing steatosis from more advanced forms of NASH and bridging fibrosis from lesser
degrees of fibrosis, respectively.
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Conclusions—Certain components of routine laboratory tests are predictive of NAFLD pattern
and fibrosis severity, but do not have adequate discriminate power to replace liver biopsy in
evaluating pediatric NAFLD.

Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common cause of liver disease in the
preadolescent and adolescent age groups in the United States1. The term NAFLD includes a
spectrum of histological features, including simple steatosis, steatosis with inflammation, and
steatosis with inflammation, ballooning degeneration, and pericellular fibrosis or Mallory’s
hyaline (nonalcoholic steatohepatitis or NASH)2. This distinction is important, as the prognosis
of these conditions may differ. While the natural history of NAFLD remains incompletely
characterized, simple steatosis is thought to be predominantly non-progressive while NASH
has potential to lead to cirrhosis and hepatocellular carcinoma (though these natural histories
require validation from longitudinal cohort studies) 3–5. No clinical features, biochemical
parameters, or imaging studies have been identified that allow for reliable distinction between
various forms of NAFLD. Thus, accurate diagnosis and staging of NAFLD requires liver
biopsy.

Despite the prevalence of pediatric NAFLD, overweight, obesity and related conditions remain
under-diagnosed by health care providers6, 7. Reliance on liver biopsy may be one of the
deterrents to the evaluation of overweight children for NAFLD. Because of the risk and expense
of this procedure, it would be advantageous to identify clinical predictors of histological
severity so that children at greatest risk for progression could be identified. Previous histology-
based studies of pediatric NAFLD have been retrospective, single-center case series and none
have resulted in validation studies to verify the accuracy of reported clinical-histological
correlates in large, diverse populations8–10.

The National Institute of Diabetes and Digestive and Kidney Diseases with additional support
from the National Institute of Childhood Health and Human Development funded a
Nonalcoholic Steatohepatitis Clinical Research Network (NASH CRN) beginning in 2002.
The objective of this network, composed of eight clinical centers and a data coordinating center,
is the conduct of research designed to progress understanding of the pathogenesis, natural
history, prognostic features, and treatment of adult and pediatric NAFLD11, 12. Data collected
as part of the NASH CRN provide a unique resource in that the liver histology undergoes
systematic review by an expert panel of pathologists. The aim of this study is to evaluate
whether simple, readily available clinical and laboratory measures have predictive power with
respect to the histological pattern or severity of NAFLD among children enrolled in studies
conducted at multiple centers within the NASH CRN.

Methods
Patient Selection Criteria

The Treatment of NAFLD in Children (TONIC) and NAFLD Database studies have
institutional review board approval at each of the 8 clinical centers participating in the NASH
CRN (appendix). Written consent was obtained from a parent or guardian and written assent
obtained from all children 8 years and older prior to participation. The NAFLD Database is an
observational study of patients 2 years and older and TONIC is a phase III, masked,
randomized, placebo-controlled trial of metformin and vitamin E in children ages 8–17 years
with NAFLD. Exclusion criteria for both studies include alcohol intake, other liver diseases,
history of parenteral nutrition, bariatric or hepatobiliary surgery, HIV infection, or short bowel
syndrome. Participants in TONIC were required to have a baseline ALT value ≥60 U/L.
Additional exclusion criteria for TONIC include diagnosis of diabetes, cirrhosis, use of drugs
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associated with NAFLD, anti-diabetic or anti-NAFLD drugs, metabolic acidosis, and renal
dysfunction. Enrollment for NAFLD database began in September 2004 and TONIC in August
2005. Participants from both studies age 17 years and younger were eligible for inclusion if
they had baseline clinical data within 6 months of liver biopsy. Liver biopsy specimens must
have undergone review by the Pathology Committee of the NASH CRN.

Clinical and Laboratory Assessments
Demographic data were obtained via structured interview and questionnaires. Height, weight,
waist and hip measurements were taken in duplicate while standing and wearing light clothing.
Height and weight were measured without shoes to the nearest 0.1cm and 0.1kg, respectively.
Body mass index (BMI) was calculated as weight (kilograms) divided by height (meters)
squared. BMI percentile was determined according to age and gender based on data from the
Centers for Disease Control and Prevention.13 Tanner staging was performed by study
physicians on all participants. Study physicians determined the presence of acanthosis
nigricans and documented severity according to the extent of pigmentation (inches).

Fasting whole blood samples were obtained via venipuncture following overnight fast of ≥8
hours and processed for plasma and serum within 2 hours. Laboratory assays were performed
at individual clinical centers and included: white blood cell count (103 cells/mL), hematocrit
(%), platelet count (cells/mL), bilirubin (mg/dL), alanine aminotransferase (ALT, U/L),
aspartate aminotransferase (AST, U/L), alkaline phosphatase (U/L), gamma glutamyl
transferase (GGT, U/L), albumin (g/dL), prothrombin time (sec), fasting triglycerides (mg/dL),
fasting glucose (mg/dL), fasting insulin (mU/mL), antinuclear antibody (ANA) titer, anti-
smooth muscle antibody (ASMA) titer, and anti-mitochondrial antibody (AMA) titer. Titers
of ≥1:40 were considered positive for autoantibodies. Homeostasis model assessment (HOMA-
IR) and quantitative insulin sensitivity check index (QUICKI) were calculated from fasting
insulin and glucose values. 14, 15 Dual energy x-ray absorptiometry (DEXA) scans were used
to determine body composition.

Histological Evaluation
Biopsies were evaluated for the following according to the validated histological scoring
system by Kleiner et al for the NASH CRN16: Steatosis [grade 0 (<5% macrovesicular fat),
grade 1 (5–33%), grade 2 (34–66%), grade 3(>66%)], portal inflammation (0–2), lobular
inflammation (0–3), ballooning degeneration (0–2), and fibrosis [stage 0, stage 1a (mild
perisinusoidal), stage 1b (moderate perisinusoidal), stage 1c (portal/periportal fibrosis only),
stage 2 (zone 3 and periportal), stage 3 (bridging fibrosis), stage 4 (cirrhosis)]. For analysis,
fibrosis stage was grouped into four categories: none (stage 0); mild zone 3 only, moderate
zone 3 only, or periportal only (stage 1); mild or moderate zone 3 and periportal (stage 2); and
bridging (stage 3). A NAFLD activity score (NAS) was tabulated by summing scores for
steatosis, lobular inflammation, and ballooning degeneration (1–7). For analysis, cases with
NAS 1–3 were compared to those with scores of 4–5 and 6–7. A diagnostic categorization was
determined for each case: “Not NASH”, “Borderline zone 3”, “Borderline zone 1”, or “Definite
NASH” (Figure 2, online).17 “Definite NASH” unequivocally fulfills previously defined
criteria for steatohepatitis2, while the category of “Not NASH” encompasses cases of NAFLD
in which the changes are so mild or non-specific that more specific classification cannot be
made. The intermediate category of “Borderline zone 3” was created for cases that had some,
but not all, histologic features of steatohepatitis, so that an unequivocal diagnosis could not be
made. “Borderline zone 1” was used for cases that fit the zone 1 pattern of injury previously
described in children.9 Cases placed in this category, typically had periportal fibrosis and
steatosis in zone 1 while lacking distinctive zone 3 injury. The following NAFLD patterns
were compared: Not NASH vs. Borderline zone 3 vs. definite NASH, as these were felt to
represent different stages along a spectrum, and Borderline zone 1 vs. definite NASH, as these
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were felt to represent two distinct categories of NAFLD (“pediatric type” and “adult type”).
Biopsy specimen length was evaluated to determine whether this is associated with histological
pattern or staging in NAFLD.

Statistical Analysis
P-values for bivariate relationships were based on either the chi-square test for trend for
categorical predictors or ordered logistic regression of the outcome on the rank of continuous
predictors.18, 19 Adjusted cumulative relative odds were estimated from models using ordered
multiple logistic regression for ordinal outcomes (NAFLD pattern, fibrosis stage, NAS)
whereas adjusted relative odds were estimated from models using binary multiple logistic
regression for binary outcomes (i.e. borderline zone 1 NASH vs. definite NASH). Significant
predictors from multiple regression models were chosen using forward selection (p<0.05 for
entry) of all predictors except histologic variables.20 For multiple regression, missing values
were imputed with the median for continuous predictors or the most frequent category for
categorical predictors.21 Area under the ROC curves were derived using binary logistic
regression.22 Statistical analyses used both SAS version 9 and Stata version 10.20, 23 P-values
are two-sided and nominal.

Results
At the time of analysis, 177 children were eligible for inclusion. One participant with stage 4
fibrosis was excluded, leaving 176 subjects for analysis. Study sample characteristics are
summarized in Table 1. Distribution of children by recruitment site was: Case Western Reserve
University 6%, Johns Hopkins University 8%, Indiana University 13%, Baylor University 6%,
University of California San Diego 49%, University of Washington 10%, and Virginia
Commonwealth University 3%. Most children (97%) were obese (BMI ≥95th percentile).
Patients recruited from UCSD were predominantly Hispanic, 76% male, mean age (SD) 12.1
years (2.6). When compared to patients recruited from other sites, those from UCSD were more
likely to be Hispanic (84% vs. 35%, p<0.001) and to have acanthosis nigricans (89% vs. 63%,
p<0.001). No other significant differences existed in the demographics, anthropometrics, or
histology findings by recruitment site.

Histological Pattern: Not NASH vs. Borderline zone 3 vs. Definite NASH
Comparing subjects with definite NASH to those without NASH and those with intermediate
findings, ALT, AST, alkaline phosphatase and GGT increased among these categories (Table
2). Box plots of AST and ALT by NAFLD pattern are shown in Figure 1. Hematological
parameters and fasting lipids did not vary by histological pattern. Fasting glucose did not vary
by histological category, but markers of insulin resistance were increased among subjects with
definite NASH. Anthropometric measures and developmental stage did not vary according to
NAFLD pattern. Acanthosis nigricans was prevalent but did not vary by NAFLD pattern. None
of the subjects had positive titers of AMA. ASMA titer was positive in 32% but was not
associated with NAFLD pattern. Results did not vary by UCSD versus other clinical sites.

Histological Pattern: Borderline zone 1 vs. Definite NASH
Subjects with borderline zone 1, a pattern observed predominantly in children9, 17, were
compared to those with definite NASH (Table 3). Subjects without fibrosis were excluded from
this analysis to control for differences in fibrosis distribution. Subjects with borderline zone 1
pattern were younger than those with definite NASH and Tanner stage was lowest among those
with borderline zone 1 pattern. Children with borderline zone 1 pattern were more likely to be
of Hispanic ethnicity and there was a larger percentage of children with this pattern recruited
from UCSD versus other clinical sites. ALT, AST, and GGT were lower and alkaline
phosphatase higher among those with borderline zone 1 pattern. Hematological parameters and
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fasting lipids did not vary according to histological pattern. Fasting glucose did not differ
between groups, but insulin resistance was increased among subjects with definite NASH.
Absolute BMI was higher among those with definite NASH, though BMI percentile and percent
body fat were no different between groups. Positive titers for autoantibodies did not vary
according to histological pattern.

Fibrosis Stage: None vs. Mild zone 3 or periportal vs. Moderate zone 3 and periportal vs.
Bridging

Mean age of subjects with bridging fibrosis was lower compared to those with lesser degrees
of fibrosis (Table 4). Hispanic ethnicity was predictive of mild zone 3 or periportal (69%)
versus moderate zone 3 and periportal (31%) fibrosis (P=0.0004). Fibrosis stage did not vary
by UCSD versus other clinical sites. ALT, AST, and GGT were increased among subjects with
advanced fibrosis, though only GGT distinguished those with mild fibrosis (median 32 U/L)
from those with moderate fibrosis (median 52 U/L, P=0.0003). Box plots of AST and ALT by
fibrosis stage are shown in Figure 1. Subjects with moderate zone 3 and periportal fibrosis had
lower median INR (P=0.005) compared to those with mild fibrosis. Fasting lipids and glucose
did not vary according to fibrosis severity. Insulin resistance was increased among subjects
with moderate versus mild fibrosis (P=0.03). BMI did not vary according to fibrosis severity,
but percent body fat was lower among subjects without fibrosis. Tanner stage was higher among
subjects with no fibrosis compared to those with bridging fibrosis. Definite NASH and higher
mean NAS were seen among those with more advanced fibrosis. Adequacy of biopsy sample
did not differ according to fibrosis stage.

NAFLD Activity Score (1–3, 4–5, 6–7)
Demographic variables did not differ according to NAS (Table 5). ALT, AST, GGT, and
markers of insulin resistance increased in a stepwise fashion according to increasing NAS,
while alkaline phosphatase and glucose did not differ according to NAS. Box plots of AST
and ALT by NAS are shown in Figure 1. Prevalence of ASMA positivity increased with
increasing NAS. Anthropometric measures, Tanner stage, acanthosis nigricans and adequacy
of liver biopsy specimen did not vary according to NAS. A diagnosis of definite NASH was
more common with increasing NAS. Fibrosis score increased in conjunction with increasing
NAS.

Area under the ROC curve for AST and ALT according to histologic pattern and severity
Area under the ROC curve results demonstrate AST to be a better predictor of histological
variables than ALT (Table 6). AST and ALT together did not perform significantly better than
AST alone. AST appears to be best able to distinguish those without NASH from those with
borderline zone 3 pattern or definite NASH, bridging fibrosis from those with lesser degrees
of fibrosis, and NAS scores of 1–3 from scores of 4–7.

Significant predictors of histological variables from multiple regression analysis
On multiple ordinal logistic regression analysis of increasing severity of NAFLD pattern,
increasing AST, inclusion in TONIC (versus database), and increasing GGT were independent
predictors when excluding those with borderline zone 1 pattern (Table 7). Increasing age and
prothrombin time and decreasing insulin resistance were independent predictors of definite
NASH versus borderline zone 1 pattern (excluding those without fibrosis). Increasing AST
and white blood cell count and decreasing hematocrit were significant predictors of increasing
fibrosis severity. Hispanic ethnicity, increasing insulin level, and decreasing INR were
predictive of moderate versus mild degrees of fibrosis. Significant predictors of increasing
NAS were increasing AST and GGT, ASMA positivity, and inclusion in TONIC (versus
database). Prediction equations based on regression coefficients from ordered (or binary)
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logistic regression and the area under the ROC (AUROC) for these equations are shown below
Table 7.

Discussion
Recent data from the US National Health and Nutrition Examination Survey (NHANES)
reported elevated ALT (>30 U/L), a marker of potential NAFLD, is prevalent in 8% of
adolescents 12–19 years of age.24 Histology-based autopsy data suggest that 8% of the
population aged 2 to 19 years may be affected by NAFLD1. Progressive disease in even a small
fraction represents a significant potential for disease burden. In a retrospective evaluation of
screening practices at academic centers, 2% of general pediatricians and 23% of pediatric
gastroenterologists performed screening for NAFLD among obese children, suggesting that
most cases of pediatric NAFLD are currently undiagnosed7. Given the potential for NAFLD
to progress to cirrhosis, it is imperative that screening tools be developed; ideally, with non-
invasive means to identify children at greatest risk for progressive disease. Serum
aminotransferase levels would represent the simplest screening test for this purpose, but have
not been proven to accurately reflect histologic activity. We analyzed data collected for the
NASH CRN, a large, multi-center study, to identify clinical indicators of histological activity.

Assuming that Not NASH, borderline zone 3 pattern and definite NASH represent a range of
conditions along a spectrum, we sought to identify clinical features that would distinguish these
patterns. AST and GGT were significant predictors of histology pattern in this analysis. While
statistically significant, the cumulative odds ratios for AST (OR 1.017 per U/L = 1.18 per 10
U/L = 5.40 per 100 U/L) and GGT (OR 1.017 per U/L = 1.18 per 10 U/L = 5.40 per 100 U/L),
demonstrate that these laboratory measures are likely of limited clinical utility in distinguishing
children with these histological patterns.

Serum antinuclear antibodies (ANA) and anti-smooth muscle antibodies (ASMA) have been
reported in 6–15% of the population and 8–25% of patients with chronic liver disease in whom
these antibodies often do not signify autoimmune liver disease.25–27 The largest study of
autoantibodies in NAFLD was conducted in 225 patients with biopsy-proven NAFLD (age
13–73 years) from the Mayo Clinic.28 20% had positive titers for ANA, 3% for ASMA and a
positive ANA and/or ASMA was associated with higher fibrosis stage and inflammation grade.
An Italian study found ANA positive in 21.4%, ASMA positive in 4.7% and anti-mitochondrial
antibody (AMA) positive in 2.4% of 84 adult patients with biopsy-proven NAFLD.29 3.6%
of patients in this series had overlapping features of autoimmune hepatitis on biopsy. In a
Japanese study of 212 adult patients with biopsy-proven NAFLD, 33% had positive ANA titers
and 1.4% had both ANA and ASMA titers positive.30 An ANA titer of 1:80 or greater was
associated with greater prevalence of severe necroinflammation (25%) compared to those with
titers of 1:40 or less (11.3%, P=0.037).

Autoantibody positivity has been reported to occur in apparently healthy children with no
personal or family history of autoimmune disease with rates of 3% for ANA, 2.6% for ASMA
and 1.1% for AMA.31 The significance of autoantibody positivity in pediatric NAFLD is
unknown. None of the children enrolled in our study had positive titers for AMA, but the
prevalence of ANA positivity was 18% and ASMA positivity was 32%. Positive titer for
ASMA was a significant predictor of increasing NAS (OR 2.8, 95% CI 1.4–5.4). The potential
of ASMA as a non-invasive marker of histological severity in pediatric NAFLD is a novel
finding that deserves further study.

Borderline zone 1 pattern of NAFLD is a unique histological pattern that appears to
predominantly affect children.17 This pattern, previously referred to as type 2 or pediatric-type
NASH, has been reported more frequently among boys, to affect younger children, be
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associated with more severe obesity, and to be the predominant pattern seen among those of
Asian or Native American race and Hispanic ethnicity.9 A similar pattern emerged among
children enrolled in the NASH CRN, though BMI percentile and percent body fat did not differ
between those with borderline zone 1 versus definite NASH. On multiple regression analysis,
age, prothrombin time, and insulin resistance were significant predictors of histological pattern.
Our findings support the hypothesis that sex hormones and insulin resistance associated with
pubertal development may be important variables in the predisposition to and determination
of histological subtype of pediatric NAFLD.9, 32 Whether this borderline zone 1 form present
in children represents an alternative or distinct pattern of NASH awaits demonstration of
potential differences in etiopathogenesis, natural history or treatment response.

Markers of insulin resistance were consistently higher among children with definite NASH
compared to other NAFLD patterns and with increasing NAS. In a multiple regression analysis
of individual NAS scores, lower Tanner stage was predictive of higher NAS (OR 0.76 per
Tanner stage, 95% CI 0.63–0.92) suggesting that hormonal changes associated with pubertal
development may influence disease severity. Puberty is associated with a decrease in insulin
sensitivity (25–30%) that is compensated for by an increase in insulin secretion. Insulin
resistance occurs early in development, typically between Tanner stages I and II, with a nadir
in insulin sensitivity at Tanner stage III and recovery by stage V.33, 34 Analysis of children
with borderline zone 1 compared to definite NASH support the association of this pattern of
developmental insulin resistance with NAFLD expression. Those with borderline zone 1
pattern were younger (median age 11.1 years) with mean Tanner stage 1.8 and had less severe
insulin resistance (median HOMA-IR 4.8) compared to those with definite NASH (median age
13.0 years) with mean Tanner stage of 2.7 and greater insulin resistance (median HOMA-IR
7.7, P=0.006). Whether children with borderline zone 1 pattern may evolve into definite NASH
and/or children with definite NASH regress to borderline zone 3 or simple steatosis with further
developmental maturation is unknown and will require longitudinal data to determine.

Another potential mediator of pubertal development on disease expression in pediatric NAFLD
are changes in sex steroid hormones. Sex hormones have been proposed to account for
differences in prevalence rates and disease expression among males and females with NAFLD.
32 The prevalence of elevated ALT among adolescents aged 12–19 years from NHANES was
12.4% in males compared to 3.5% in females.24 Most published series of pediatric NAFLD
have reported males to be more commonly affected.10, 35–37 While our patient population
was predominantly male (77%), gender was not predictive of borderline zone 1 pattern versus
definite NASH.9 Similarly, while there was a larger percentage of males with definite NASH
compared to borderline zone 3 and not NASH, this difference was not significant. We cannot
exclude the possibility of type 2 error in determining the role of gender on NAFLD pattern due
to the relatively smaller number (n=41) of female subjects.

AST was found to be a significant predictor of NAFLD pattern, fibrosis severity, and NAS.
Area under the ROC curve analysis demonstrated AST to be superior to ALT in distinguishing
NAFLD pattern and the addition of ALT to AST did not improve discriminate performance.
However, AUROC demonstrate that AST value does not have sufficient discriminate power
to reliably predict histology. While our results do not support the use of AST in place of liver
biopsy, the strong association between AST and meaningful histological features in pediatric
NAFLD support current recommendations to use serum aminotransferase levels in screening
overweight children.38 It is important to note that the majority of participants in this study
were required to have elevated ALT for study inclusion. Baseline ALT values were ≥60 U/L
in 50% of Database participants and 99% of TONIC participants. Therefore, the associations
that we have reported between serum aminotransferase levels and histology in NAFLD may
not be applicable to other patient populations in whom serum transaminase levels may not be
elevated to this extent.
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Predictors of fibrosis varied depending upon whether all degrees of fibrosis were compared or
only those with mild versus moderate fibrosis were considered. Overall predictors of increasing
severity of fibrosis were increasing AST and white blood cell count and decreasing hematocrit.
Platelet count, frequently included as a non-invasive marker of fibrosis in chronic hepatitis C
virus infection, was not associated with fibrosis severity.39, 40 Hispanic ethnicity was
predictive of fibrosis severity when comparing those with mild and moderate degrees of
fibrosis, likely accounted for by the relatively small percentage (31%) of subjects with
moderate zone 3 and periportal fibrosis of Hispanic ethnicity. Children with bridging fibrosis
tended to be younger than those with lesser degrees of fibrosis, perhaps indicating that yet
unidentified susceptibility genes predispose to a more aggressive course in these children. In
contrast to previous studies, BMI was not associated with fibrosis severity, though percent
body fat was lower among subjects without fibrosis. The study population may have been too
skewed with respect to BMI (97% had BMI ≥95th percentile) and/or it may be that body fat
distribution is a more important determinant of fibrosis than BMI. _Higher insulin levels also
were predictive of moderate versus mild fibrosis. While in clinical practice insulin resistance
is unlikely to be of use in distinguishing fibrosis stage, this finding supports insulin resistance
as an important variable in disease progression.10, 41–43

The association of insulin resistance with portal fibrosis in NASH was recently investigated
in context of a histological lesion called ductular reaction.44 In this study, insulin resistance
was highly associated with replicative arrest of hepatocytes, an impaired response to necrotic
and apoptotic hepatocytes. In the setting of impaired hepatic regeneration, a secondary
replicative pathway of hepatic progenitor cells is induced.45 Ductular reaction is a lesion seen
at the portal tract interface composed of small biliary ductules, stroma and inflammatory cells
that occurs as a by-product of induction of this secondary pathway.46, 47 Ductular reaction
was associated with the extent of replicative arrest and the extent of ductular reaction was
strongly associated with fibrosis. Further studies are required to determine whether similar
processes occur in pediatric NAFLD and whether this provides a mechanistic link between
insulin resistance and portal fibrosis.

Because of the expense and risk of liver biopsy, there is enthusiasm for development of
noninvasive markers of liver histology. Factors to consider in studies designed to identify such
markers include adequacy of biopsy specimens and interpretation of histology by pathologists
with appropriate expertise.48 We included biopsy specimen length in all of our analyses and
central review by the Pathology Committee of the NASH CRN, composed of pathologists with
expertise in the histopathology of NAFLD, was one of the inclusion criteria for our study. More
difficult to account for is the possibility of sampling error in NAFLD.49, 50 As recently
highlighted, increased size may minimize heterogeneity between biopsy specimens.48

In conclusion, AST, GGT, and positive ASMA titers were the clinical variables most
consistently associated with the pattern and severity of NAFLD in this large prospective, multi-
center, histology-based study of children. The association between ASMA and pediatric
NAFLD is a novel finding deserving of further study. Our results support the hypothesis that
insulin resistance associated with pubertal development may be an important determinant of
disease expression in pediatric NAFLD. These results also support a role for insulin resistance
in the development of fibrosis in pediatric NAFLD. Unfortunately, none of the clinical
predictors of histology appear sufficiently powerful to replace liver biopsy as a non-invasive
means of staging disease. However, these clinical markers may be employed by pediatric
gastroenterologists in evaluating overweight children suspected to have NAFLD.
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Refer to Web version on PubMed Central for supplementary material.
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ALT  

Alanine aminotransferase

AMA  
anti-mitochondrial antibody

ANA  
antinuclear antibody

ASMA  
anti-smooth muscle antibody

AST  
aspartate aminotransferase

BMI  
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DEXA  
Dual energy x-ray absorptiometry

GGT  
gamma glutamyl transferase

HOMA-IR  
Homeostasis model assessment
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nonalcoholic fatty liver disease

NASH  
nonalcoholic steatohepatitis
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Quantitative insulin sensitivity check index
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Figure 1.
Box plot of AST and ALT value according to NAFLD pattern, fibrosis stage, and NAFLD
Activity Score (NAS)
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Table 1
Sample characteristics for children enrolled in NASH CRN eligible for study inclusion.

Characteristic N (%)

Study
 TONIC 136 (77)
 Database 40 (23)

Demographics
 Male 136 (77)
 Age (yrs), mean ± SD (range) 12.4 ± 2.6 (6–17)
 White race 128 (73)
 Hispanic ethnicity 104 (59)

Histology
 Biopsy length (mm), median ± pseudoSD (range) 15 ± 6.7 (5–53)
 NAFLD pattern
  Not NASH 36 (20)
  Borderline Zone 3 pattern 26 (15)
  Borderline Zone 1 pattern 50 (28)
  Definite NASH 64 (36)
 Fibrosis Stage
  None (score=0) 45 (26)
  Mild zone 3 only (score=1) 12 (7)
  Moderate zone 3 only (score=1) 8 (5)
  Periportal only (score=1) 57 (32)
  Mild/moderate zone 3 and periportal (score=2) 29 (16)
  Bridging (score=3) 24 (14)
  Fibrosis score, mean ± SD 1.2 ± 1.0
 NAFLD Activity Score (NAS)
  1 1 (1)
  2 15 (9)
  3 33 (19)
  4 43 (24)
  5 41 (23)
  6 27 (15)
  7 16 (9)
  NAS, mean ± SD 4.4 ± 1.4

Anthropometrics
 BMI (kg/m2), median ± pseudoSD (range) 33 ± 5.2 (18.2–57.9)
 BMI (age-sex percentile), median ± pseudoSD (range) 99.1 ± 0.8 (89.6–100.0)
 Body fat (%), median ± pseudoSD (range) 44 ± 7 (28–59)

Clinical
 Tanner Stage, mean ± SD (range) 2.5 ± 1.4 (1–5)
 Acanthosis nigricans 133 (76)
TONIC = Treatment of NAFLD in Children; BMI = body mass index
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Table 2
Predictors of NAFLD pattern (excluding borderline zone 1)

Not NASH (n=36) BZ3 (n=26) Definite NASH (n=64) P

Demographics
 Male (%) 67 73 78 0.21
 Age (years), mean 13.1 12.4 13.1 0.91
 Race: White (%) 72 69 77 0.58
 Ethnicity: Hispanic (%) 58 62 50 0.37
 Clinic Site: UCSD (%) 50 42 44 0.58

Laboratory Data (median values)
 ALT (U/L) 76 90 102 0.002
 AST (U/L) 44 57 64 <0.0001
 Alkaline Phosphatase (U/L) 188 225 214 0.40
 GGT (U/L) 32 36 49 <0.0001
 Fasting glucose (mg/dL) 89 89 89 0.46
 Fasting insulin (mU/mL) 27 27 36 0.06
 HOMA-IR 5.5 6.1 8.0 0.04
 QUICKI 0.299 0.295 0.285 0.04
 ANA (% positive) 14 12 22 0.26
 ASMA (% positive) 28 24 38 0.28

Anthropometric (median values)
 BMI (kg/m2) 33 33 33 0.54
 BMI percentile 98.9 99.2 99.0 0.41
 %Body Fat 41 42 44 0.33

Clinical
 Tanner Stage (mean) 3.3 2.5 2.8 0.32

Histologic
 Biopsy length (median, in mm) 14 13 15 0.24
  <10mm (%) 16 27 9 0.12
 Fibrosis score (mean) 0.4 1.0 1.6 <0.0001
BZ3 = Borderline Zone 3 pattern (“adult type”)
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Table 3
Predictors of borderline zone 1 versus definite NASH pattern in children with some fibrosis present.

BZ1 (n=49) Definite NASH (n=54) P

Demographics
 Male (%)4 86 76 0.21
 Age (years), mean 11.1 13.0 0.0002
 Race: White (%) 73 74 0.89
 Ethnicity: Hispanic (%) 69 46 0.02
 Clinic Site: UCSD (%) 61 41 0.04

Laboratory Data (median values)
 ALT (U/L) 84 101 0.08
 AST (U/L) 53 64 0.05
 Alkaline Phosphatase (U/L) 267 216 0.002
 GGT (U/L) 39 47 0.04
 Triglycerides (mg/dL) 109 142 0.02
 Fasting glucose (mg/dL) 88 88 0.43
 Fasting insulin (mU/mL) 23 36 0.01
 HOMA-IR 4.8 7.7 0.006
 QUICKI 0.304 0.286 0.006
 ANA (% positive) 18 22 0.63
 ASMA (% positive) 31 37 0.53

Anthropometric (median values)
 BMI (kg/m2) 31 33 0.05
 BMI percentile 99.3 99.1 0.94
 %Body Fat 46 44 0.13

Clinical
 Tanner Stage (mean) 1.8 2.7 0.001

Histologic
 Biopsy length (median, in mm) 16 15 0.51
  <10mm (%) 4 11 0.18
 Fibrosis score (mean) 1.3 1.9 0.0002
BZ1 = Borderline Zone 1 pattern (“pediatric type”)
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Table 5
Predictors of NAFLD Activity Score (NAS)

NAS 1–3 (n=49) NAS 4–5 (n=84) NAS 6–7 (n=43) Trend P

Demographics
 Male (%) 73 75 86 0.16
 Age (years), mean 12.4 12.4 12.5 0.96
 Race: White (%) 67 75 77 0.30
 Ethnicity: Hispanic (%) 55 62 58 0.74
 Clinic Site: UCSD (%) 45 49 56 0.30

Laboratory Data (median values)
 ALT (U/L) 74 87 114 <0.0001
 AST (U/L) 42 56 66 <0.0001
 Alkaline Phosphatase (U/L) 239 236 257 0.32
 GGT (U/L) 29 36 53 <0.0001
 Fasting glucose (mg/dL) 87 88 89 0.12
 Fasting insulin (mU/mL) 23 30 37 0.0008
 HOMA-IR 5.0 6.1 8.5 0.0005
 QUICKI 0.303 0.295 0.293 0.0005
 ANA (% positive) 16 17 23 0.40
 ASMA (% positive) 20 31 45 0.01

Histologic
 Biopsy length (median, in mm) 14 15 15 0.29
  <10mm (%) 14 14 7 0.30
 Definite NASH (%) 6 31 81 <0.0001
 Fibrosis score (mean) 0.8 1.2 1.4 0.002
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Table 7
Significant predictors of histological variables from multiple regression analysis

Outcome (Categorization) Significant Predictors Cumulative OR 95% CI P

1NAFLD Pattern (Not NASH vs. Borderline zone 3 vs. Definite)
 AST (U/L) 1.017 1.004–1.031 0.014
 TONIC (yes vs. no) 2.7 1.1–6.7 0.03
 GGT (U/L) 1.017 1.000–1.033 0.04

2NAFLD Pattern (Borderline zone 1 vs. Definite NASH)*
 Age (years) 1.5 1.2–1.9 <0.001
 Prothrombin time (seconds) 1.5 1.1–2.0 0.005
 QUICKI (x100) 0.75 0.61–0.83 0.009

3Fibrosis (None vs. Mild vs. Moderate vs. Bridging)
 AST (U/L) 1.015 1.006–1.024 0.001
 White Blood Cell Count (1000 cells/mm3) 1.22 1.07–1.38 0.003
 Hematocrit (%) 0.87 0.79–0.96 0.004

4Fibrosis (Mild vs. Moderate)**
 Hispanic Ethnicity (yes vs. no) 0.18 0.06–0.49 0.001
 Insulin (mU/mL) 1.03 1.01–1.05 0.01
 International Normalized Ratio (x 100) 0.91 0.84–0.99 0.04

5NAFLD Activity Score (NAS 1–3 vs. NAS 4–5 vs. NAS 6–7)
 AST (U/L) 1.020 1.010–1.031 <0.001
 ASMA (positive vs. negative) 2.8 1.4–5.4 0.002
 GGT (U/L) 1.013 1.003–1.023 0.01
 TONIC (Yes vs. No) 2.5 1.2–5.4 0.02
*
Excluding patients with no fibrosis

**
Excluding patients with none or bridging fibrosis

1
Prediction equations [regression coefficients from ordered (or binary) logistic regression]:

1a) Borderline zone 3 or Definite NASH vs. Not NASH = −1.55 + 0.017 AST (U/L) + 0.017 GGT (U/L) + 1.01 (if in TONIC study); AUROC = 0.82
1b) Definite NASH vs. Borderline zone 3 or Not NASH = −2.64+ 0.017 AST (U/L) + 0.017 GGT (U/L) + 1.01 (if in TONIC study); AUROC = 0.74

2
Prediction equation [regression coefficients from ordered (or binary) logistic regression]: 2) Definite NASH vs. Borderline zone 1 = −1.43 + 0.44 AGE

(yrs) + 0.42 Prothrombin time (secs) − 0.28 QUICKI (x 100); AUROC = 0.80

3
Prediction equations [regression coefficients from ordered (or binary) logistic regression]:

3a) Mild/Moderate/Bridging Fibrosis vs. No Fibrosis = 4.32 + 0.015 AST (U/L) + 0.20 WBC (1000 cells/mm3) − 0.14 Hematocrit (%); AUROC = 0.68
3b) Moderate or Bridging Fibrosis vs. Mild or No Fibrosis = 2.18 + 0.015 AST (U/L) + 0.20 WBC (1000 cells/mm3) − 0.14 Hematocrit (%); AUROC =
0.73
3c) Bridging Fibrosis vs. Mild/Moderate/No Fibrosis = 1.04 + 0.015 AST (U/L) + 0.20 WBC (1000 cells/mm3) − 0.14 Hematocrit (%); AUROC = 0.77

4
Prediction equation [regression coefficients from ordered (or binary) logistic regression]: 4) Moderate vs. Mild Fibrosis = 8.11 − 1.74 (if Hispanic) +

0.030 insulin (□U/mL) − 0.091 INR(x 100); AUROC = 0.81

5
Prediction equations [regression coefficients from ordered (or binary) logistic regression]:

5a) NAS 4–7 vs. NAS 1–3 = −1.68 + 0.020 AST (U/L) + 1.03 (if positive ASMA) + 0.013 GGT (U/L) + 0.98 (if in TONIC study); AUROC = 0.80
5b) NAS 6–7 vs. NAS 1–5 = −4.31 + 0.020 AST (U/L) + 1.03 (if positive ASMA) + 0.013 GGT (U/L) + 0.98 (if in TONIC study); AUROC = 0.78
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