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Abstract
The diagnosis of nonalcoholic steatohepatitis (NASH) is defined by the presence and pattern of
specific histological abnormalities on liver biopsy. A separate system of scoring the features of
nonalcoholic fatty liver disease (NA) called the NAFLD Activity Score (NAS) was developed as a
tool to measure changes in NAFLD during therapeutic trials. However, some studies have used
threshold values of the NAS, specifically NAS ≥ 5, as a surrogate for the histologic diagnosis of
NASH. To evaluate whether this unintended use of the NAS is valid, biopsy and clinical data from
the 976 adults in NASH CRN studies were reviewed. Biopsies were evaluated centrally by the
NASH CRN Pathology Committee. Definite steatohepatitis (SH) was diagnosed in 58.1%,
borderline SH in 19.5% and “not SH” in 22%. The NAS was ≥ 5 in 50% and ≤ 4 in 49%; in this
cohort only 75% of biopsies with definite SH had a NAS ≥ 5, while 28% of borderline SH and 7%
of "not SH" biopsies had NAS ≥ 5. Of biopsies with a NAS ≥ 5, 86% had SH and 3% "not SH".
NAS ≤ 4 did not indicate benign histology; 29% had SH and only 42% had "not SH". Higher
values of the NAS were associated with higher levels of ALT and AST, while the diagnosis of SH
was associated with features of the metabolic syndrome.

Conclusions—The diagnosis of definite SH or the absence of SH based on evaluation of
patterns as well as individual lesions on liver biopsies does not always correlate with threshold
values of the semiquantitative NAS. Clinical trials and observational studies should take these
different performance characteristics into account.
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Introduction
The diagnosis of NASH is established by the presence of a characteristic pattern of steatosis,
inflammation and hepatocellular ballooning on liver biopsies in the absence of significant
alcohol consumption. The value of establishing a diagnosis of NASH is that it identifies
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individuals who are at risk for progressive liver disease to the point of cirrhosis and death
from chronic liver disease. However, the dichotomous assessment of liver biopsies as either
having steatohepatitis or not is less helpful in treatment trials of therapeutic agents to
improve NASH because it cannot identify patients in whom NASH significantly lessened in
severity with treatment but continued to fulfill diagnostic criteria for NASH. For this reason,
a scoring system was needed that included the full spectrum of nonalcoholic fatty liver
disease and would be sensitive to changes in the underlying disease process independent of
the diagnosis of NASH.

To meet this need, a scoring system for nonalcoholic fatty liver disease (NAFLD) was
developed and validated by the NIDDK sponsored Nonalcoholic Steatohepatitis Clinical
Research Network (NASH CRN) Pathology Committee1. The methodology proposed for
feature-based scoring of histologic lesions of NAFLD has been widely utilized, as evidenced
by its application in numerous clinical and experimental settings in NAFLD-related studies.
The recognized strengths of the method include the relative ease of understanding and
therefore, application of the system; division of lesions of active and potentially reversible
injury (“grade”) in the NAFLD Activity Score (NAS) and those potentially less reversible
and characterized by collagen deposition and architectural alterations that may evolve
toward more permanent parenchymal remodeling (“stage”). The proposed NAS also clearly
separates the three lesions that comprise grade: steatosis, lobular inflammation, and
ballooning. This allows detailed analysis of histologic changes for comparative and
correlative studies in therapeutic intervention trials.

The histologically-based NAS was derived from 10 pathologists’ blinded and individual
readings of biopsies from 32 adults and 18 children with clinically presumed NAFLD. The
adult biopsies were read twice, and the pediatric biopsies once by each pathologist. It was
noted in the publication of the validation study that the numeric scores correlated closely but
not perfectly with separately derived diagnoses of “definite steatohepatitis (SH)”, “not SH”
and “borderline SH”.

It is, however, increasingly apparent from ongoing and published studies that the numeric
value of the composite NAS is considered by some investigators to be either “synonymous”
with, or actually a replacement for, a microscopic diagnosis that is based on overall pattern
of injury as well as the presence of additional lesions such as zonality of lesions, portal
inflammation and fibrosis.2 The validity of this unintended use of the NAS has not been
formally evaluated.

In order to objectively assess the relationships of the NAS, the diagnosis of SH, and
important clinical characteristics of NAFLD, we availed ourselves of the large, well
characterized dataset from the NASH CRN. We demonstrate that the NAS and the
diagnostic category of definite SH are closely correlated, but also have distinct clinico-
pathologic relationships. The study further highlights that not all biopsies with NAS ≥ 5
have findings that meet diagnostic criteria of definite SH, and that some cases of NAS ≤ 4
do, indicating that the a threshold value of a NAS > 5 cannot be used reliably to establish the
presence or absence of NASH.

Materials and Methods
Biopsies from adult patients enrolled in either the Database study or pretreatment biopsies
from the adult treatment trial (Pioglitazone versus Vitamin E versus Placebo for the
Treatment of Nondiabetic Patients with NASH) (PIVENS) were reviewed in a standardized
blinded fashion by the Pathology Committee of the NASH CRN, composed of a pathologist
from each of the 8 clinical centers, and one from the National Cancer Institute. Assignment
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of a diagnostic category was based on consensus recognition of the distinctive features of
SH independent of the degree of NAFLD severity as indicated by the NAS. Biopsies that
had been classified by the Pathology Committee during Central Review as “cirrhosis with or
without features of NAFLD or NASH” were excluded from this analysis, as it is well
recognized that the active lesions of steatohepatitis may not be retained in cirrhosis. Biopsies
with the zone 1 borderline pattern were also excluded as this is a pattern that most
commonly occurs in pediatric NAFLD and was rare among our adult cases. When more than
one biopsy for a subject was available, only the first biopsy was used in the analysis.
Histologic and clinical data were analyzed as described below.

Histologic Data
The following histologic data were analyzed: diagnosis rendered by the Pathology
Committee (i.e. “not steatohepatitis”, “borderline, zone 3 pattern”, “definite
steatohepatitis”); the aggregate NAS; the score of each component of the NAS (steatosis (0–
3), lobular inflammation (0–3), ballooning (0–2)), and fibrosis scores (0,1a,1b,1c,2,3). In
addition, portal chronic inflammation and steatosis location were included. The "borderline
zone 3 pattern" was reserved for biopsies that have zone 3 accentuation of lesions, but not
all the lesions for definite steatohepatitis were present. This definition is purposely left broad
so as to neither preclude further evaluation nor include the biopsies in the "not SH" category.

Clinical Data
Clinical data obtained at baseline were used in the analyses, and laboratory measures were
limited to those values within 6 months of the biopsy for each subject. From the dataset, the
following were analyzed: demographic features (age at biopsy, gender, race, ethnicity),
BMI, and laboratory values including ALT, AST, fasting serum glucose and insulin, ANA,
and triglycerides. Calculations were performed to derive presence or absence of criteria for
Metabolic Syndrome3, HOMA-IR, and QUICKI. QUICKI is an inverse log transformation
of HOMA, and has been found to be linearly related to formal clamp measures of IR4.

Statistical analyses
Chi-square tests were used to compare univariate associations of categorical variables with
NASH diagnosis (not SH, borderline SH, definite SH) and with NAS (≤ 4 vs. ≥ 5). Fisher’s
Exact test was used for categorical variables with small expected numbers. Continuous
variables were compared to NASH diagnosis (3 categories) using ANOVA for normally
distributed variables (age at biopsy and BMI). The nonparametric Kruskal-Wallis test was
used to compare laboratory measures with the three-category NASH diagnosis, and the
Wilcoxon rank sum test was used for the binary NAS (≤ 4 vs. ≥ 5). Also examined were the
associations between patient characteristics (demographics and laboratory measures) and
diagnosis, within categories of NAS (≤ 4 vs. ≥ 5). Components of the NAS (steatosis,
lobular inflammation, and ballooning) were excluded from statistical analysis when making
comparisons to the binary NAS variable (≤ 4 vs. ≥ 5). Methods for evaluating a diagnostic
test (sensitivity, specificity, percent agreement, and Cohen's kappa statistic) were used to
evaluate the information loss in a NAS cutoff (≥5 vs. ≤4 ) as a surrogate for the histological
diagnosis of steatohepatitis (definite SH vs. borderline/not SH).

Univariate regression analyses were performed to assess the individual associations between
the NAS (≥ 5 vs. ≤ 4) and select patient characteristics. These results were compared to the
univariate regression analyses of SH diagnosis and these same patient characteristics.
Outcome measures included: ALT (U/L), AST (U/L), diabetes, metabolic syndrome,
HOMA-IR, and QUICKI. Linear regression was used for continuous outcome measures
(ALT, AST, HOMA-IR, and QUICKI) and logistic regression was used for binary outcome
measures (diabetes and metabolic syndrome). Multivariable regression analyses were used
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to assess the independent association between diagnosis of definite SH and these same
patient characteristics, controlling for the NAS. That is, both the binary NAS variable and
SH diagnosis were included as covariates in the models. The β coefficients (for continuous
outcomes), odds ratios (for binary outcomes), 95% confidence intervals, and p-values were
compared for each model.

Nominal, two-sided P-values were used and were considered to be statistically significant if
P<0.05; no adjustments for multiple comparisons were made. Analyses were performed
using SAS statistical software (version 9; SAS Institute Inc., Carey, NC) and Stata (Release
10; Stata Corp., College Station, TX).

Results
Comparison of Demographic and Clinical Characteristics across NASH Diagnostic
Categories

Data from a total of 934 adult liver biopsies without cirrhosis or the “zone 1 borderline”
diagnosis were available for this analysis. The diagnoses were “not steatohepatitis” in 208
(22%), “borderline steatohepatitis” in 183 (20%) and “definite steatohepatitis” in 543 (58%).
Table 1 highlights clinical correlates in these categories. Definite steatohepatitis (SH) was
observed in a higher proportion of women (p=0.004) and tended to be seen in older
individuals (p=0.05). There were no significant differences in the distribution of diagnostic
categories amongst races, but Hispanics had proportionally fewer borderline cases (p=0.03).
BMI did not differ among the diagnostic categories. Definite steatohepatitis was associated
with higher serum ALT, triglycerides, insulin, and calculated HOMA-IR, lower QUICKI, as
well as a higher frequency of diabetes. No association was found with presence or absence
of serum ANA or serum fasting glucose. Thus, the most important clinical correlations
conventionally associated with steatohepatitis, ie, older age, female gender, evidence of
insulin resistance, and elevated ALT,5 were confirmed by blinded analysis of the biopsies
for diagnostic category, regardless of the NAS.

Comparison of Demographic and Clinical Characteristics by NAS Category
Table 2 shows the results of similar comparisons utilizing the subsets of NAS ≤ 4 (n=461)
and NAS ≥ 5 (n=473). The biopsies in the higher NAS category were associated with female
gender, as well as elevated ALT, triglycerides, insulin, and HOMA-IR, and lower QUICKI
values. There was a trend of association of the higher NAS with diabetes (p=0.05), but this
categorization of low versus high NAS was not associated with age, race, ethnicity, BMI,
serum fasting glucose, or presence of positive ANA.

Comparison of Histology and Diagnostic Category. (Table 3)
All histologic components of the NAS, as well as fibrosis scores and amounts of portal
chronic inflammation were highly correlated with the diagnostic categories (p<0.0001 for
all). Steatosis scores of <5% or 5–33% were more often found in the “not” SH category
while those of grades 2 (33–66%) and 3 (>66%) were evenly distributed between borderline
and definite SH. Only 3 biopsies had no lobular inflammation; they were all in the not SH
category; there was a clear association of increased lobular inflammation with definite SH.
The majority of all biopsies had mild portal chronic inflammation; however, a greater
percentage of the not SH biopsies had none, and more of the definite SH were classified as
greater than mild portal chronic inflammation (p<0.0001). Ballooning was clearly absent in
the majority of “not SH” (95.7%) and borderline (62.8%), and clearly present in the majority
of definite SH (99.6%) (p<0.0001). Of note, 2 cases of definite SH did not have ballooning,
and 7 cases with “many” ballooned hepatocytes had been categorized as either not SH (n=3)
or as borderline (n=4).
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Histologic Features and the NAS
Table 4 shows the sensitivity (0.75; 95% CI: 0.72 – 0.78), specificity (0.83; 95% CI: 0.80 –
0.85), percent agreement (78.4%, 95% CI: 75.6 – 81.0), and Cohen's kappa statistic (0.57;
95% CI: 0.51 – 0.62) when using a NAS cutoff (≥5 vs. ≤4) as a substitute for the
histological diagnosis of steatohepatitis (definite SH vs. borderline/not SH). Taken together,
these measures indicate a substantial loss in information if the NAS were used as a surrogate
for the diagnosis of steatohepatitis.

Figure 1 shows the relationship between the NAS and the diagnostic category, which is
nearly identical to the relationship our group previously reported1. Table 5 shows a detailed
breakdown of histologic features between the NAS ≥5 and the NAS ≤ 4 biopsies. Although
NAS ≥ 5 biopsies were most commonly categorized as definite SH (86%), 66 biopsies were
diagnosed as either not SH (3%) or borderline (11%). Less than half of NAS ≤ 4 biopsies
were diagnosed as not SH (42%), while 28% were considered borderline, and nearly 30%
had definite SH. Portal inflammation and fibrosis were more severe in NAS ≥ 5 biopsies
compared to NAS ≤ 4. Of note, however, was the finding that ballooning, a central feature
of the diagnosis of SH, was classified as none in 41/473 (9%) of NAS ≥ 5; on the other
hand, ballooning was not only present, but was marked in 60/461 (13%) NAS ≤ 4. Figures
2a and 2b illustrate high NAS, "not SH" and low NAS, definite SH respectively.

NAS, Histological Diagnoses and Clinical Characteristics
To better understand the clinical characteristics of patients with low NAS but a definite SH
diagnosis, or conversely, a high NAS but not a definite SH diagnosis, the biopsies with low
and high NAS were analyzed separately. Table 6 shows the demographic and clinical
characteristics by diagnostic category among NAS ≤ 4 biopsies and NAS ≥ 5 biopsies
across all diagnostic categories, respectively. In the NAS ≤ 4 biopsies, elevated ALT
correlated with the diagnosis of definite SH (p=0.003). No other clinical finding was
discriminatory in that group. For biopsies with high NAS (≥ 5), several clinical features
showed strong associations with the category of definite SH. The strongest was diabetes
(p<0.0001); other factors were Hispanic ethnicity, higher fasting insulin levels and HOMA-
IR, and lower QUICKI. A trend toward positive ANA was noted (p=0.06). Table 7
compares diagnostic categories of not SH with definite SH according to the NAS. Elevated
serum ALT and triglycerides correlated with NAS ≥ 5 in those with definite SH (p=0.002,
p=0.05, respectively), but not in those without SH (p=0.14, p=0.95, respectively). However,
other clinical features were not significantly different among either the not SH category or
definite SH category based on NAS ≤ 4 or ≥ 5.

Regression Analyses
Univariate and multivariable linear and logistic regression analyses were performed as
described, where serum ALT and AST, the presence of diabetes, metabolic syndrome as
defined by the NCEP3, calculated HOMA-IR and its inverse log transformation, the
QUICKI, were the outcome measures and the NAS (≥ 5 vs. ≤ 4) and SH diagnosis were
covariates. (The results are shown in Table 8.). Both the NAS ≥ 5 and definite SH were
individually highly associated with serum ALT and AST. When both the NAS ≥ 5 and
definite SH were included in the model, the significant association with ALT remained, but
the NAS ≥ 5 showed a stronger association (β=24.5, p<0.0001) compared to definite SH
(β=11.8, p=0.02). The association with AST was highly significant for both NAS ≥ 5 and
definite SH in the multivariable model (p<0.0001).With respect to the clinical conditions
and tests associated with insulin resistance, the SH diagnosis alone was strongly associated
with diabetes, metabolic syndrome, HOMA-IR, and QUICKI (p<0.01 for all). In
comparison, the NAS ≥ 5 alone showed no association with diabetes or metabolic syndrome
(p=0.06 and p=0.16, respectively), but was associated with HOMA-IR and QUICKI
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(p=0.003, p=0.008, respectively). However, when the diagnosis of definite SH was included
in the model with NAS ≥ 5, the association between definite SH and these measures
remained statistically significant, but any contribution by the NAS was lost.

Discussion
This study was undertaken using a large dataset of prospectively obtained clinical data and
results from liver biopsies blindly reviewed by a committee comprised of the pathologists
from 10 different centers in the United States involved in the NASH CRN. The aim was to
evaluate if the diagnosis of SH made by the pathologists correlated with a threshold value of
feature-based scores that comprise the NAS of ≥ 5. Several interesting observations can be
made. First, of 934 noncirrhotic entry liver biopsies from adult patients with phenotypic
NAFLD enrolled in either the Database study or PIVENS treatment trial, 543 (58%) met
histologic criteria for definite steatohepatitis. In this subset, the NAS (the sum of steatosis,
lobular inflammation and ballooning scores) was ≥ 5 in 75%, but ≤ 4 in the remaining 25%.
Since liver biopsy review for rigorously conducted treatment trials is done by pathologist(s)
blinded to any clinical information, and therefore not influenced by knowledge of gender,
ALT, or insulin resistance status, the discordance between the NAS and the diagnosis of
NASH has serious implications if a discriminating criterion for trial entry is based on NAS
alone. On the other hand, of the 208 biopsies from the noncirrhotic adult Database and
PIVENS cohorts that were definitely “not steatohepatitis”, 14 had NAS ≥ 5. These results
collectively highlight the fact that diagnostic criteria for steatohepatitis and scoring of
particular lesions are related, but also provide different results.

A second major observation is clear from the regression analyses. When the diagnosis of
definite steatohepatitis and the NAS were analyzed together in relation to clinical features
known to be associated with NAFLD, the diagnosis of steatohepatitis was a stronger
predictor of metabolic abnormalities than the score. This further emphasizes the point that
the recognition of the histologic pattern of steatohepatitis cannot be replaced by a numerical
score based on the presence and severity of certain features. On the other hand, the NAS is
highly correlated with aminotransferase levels, commonly assumed to be markers of liver
disease severity.

The NAS was created in the same way and for the same reasons that other systems for
“scoring” histologic lesions in liver disease were: by an individual or a group of focused
liver pathologists evaluating the lesions of significance for the specific disease process,
(steatohepatitis or chronic hepatitis) and assigning relative, graduated values to represent
severity. None of these systems was developed to replace a diagnostic determination of the
disease; that process is the result of assessing a combination of the features (lesions) and
their pattern(s). Scoring systems for chronic hepatitis, such as Knodell, METAVIR, Scheuer,
and Ishak, were developed for semi-quantitative evaluation of liver histology for clinical
trials (reviewed in 6). On the other hand, the histopathologic diagnosis of a disease process
derives from several pieces of visual information ultimately integrated to formulate either a
diagnosis or a differential diagnosis. This information includes the parenchymal location(s),
alterations of surrounding cell compartments, and types of tissue responses (inflammatory
cell types, presence and location of fibrosis, cell necrosis or apoptosis etc). Also included in
those “pieces” of information in liver biopsy evaluation are the relationships of the vascular
structures within the parenchyma to one another, the amount and types of inflammation, the
location of each of the lesions being assessed, the presence and relative abnormalities of the
parenchymal components’ cellular types. The lesions themselves are important individually,
as they relate to each other and to other features of parenchymal alterations, and thus as part
of the composite. Thus, pathologists utilize multiple inputs to formulate a final diagnosis, a
process more complex than the simple addition of any one type or types of lesions to derive
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a “score”. Although the qualitative recognition of a pattern of injury may at first seem to be
less precise and more subjective than a numerical score, our regression analysis indicated
that it is a powerful result. Scores, on the other hand, are quite useful in comparative
analyses, such as interventional studies, for objective measures of change of specific lesions.
The exercises of diagnosis and scoring, while leading to inter-related results, are thus
distinct and separate, and, when done properly, serve distinct, separate, and important
purposes.

The histologic feature of the NAS that appears to be most significant in the determination of
the diagnosis of steatohepatitis is ballooning. Regardless of the final NAS, >99% of 543
cases with a diagnosis of definite steatohepatitis had ballooning. Ballooning as an individual
feature was significantly correlated with clinical features of insulin resistance in regression
analyses. Ballooning remains a challenge for pathologists; as depicted in textbooks,
ballooned cells are enlarged and have pale, flocculent cytoplasm and may contain Mallory-
Denk bodies. However, in practice, they are not always enlarged, and many do not contain
Mallory-Denk bodies. A recent study highlighted the loss of K8/18 detectable by
immunohistochemistry as a more sensitive indicator of ballooning7. This technique is useful
in detecting more subtle ballooning, and it is available in most diagnostic pathology
laboratories. Other features of hepatocellular injury include acidophil bodies and
immunohistochemical markers of apoptosis8,9; however, these markers have not been
validated in terms of replacing ballooning as a key feature in the diagnosis.

Biopsies with definite SH but NAS ≤ 4 are clinically important because a low NAS could be
interpreted as indicating absence of significant disease. These biopsies had milder steatosis
(grades 0–1 in 73%) and inflammation (grades 0–1 in 87%) but ballooning in >99% and
fibrosis ≥ 2 in 52%. Conversely, in the NAS ≥5 biopsies with a diagnosis of not SH, 86%
had no ballooning, but 93% had > 33% steatosis (grades 2–3) and all had at least grade 2
lobular inflammation; 93% had either no fibrosis (71%) or delicate zone 3 perisinusoidal
fibrosis only (21%).

On the other end of the spectrum, the cases with NAS ≤ 4, but with definite SH by
diagnostic criteria were compared with both NAS ≥ 5, definite SH and NAS ≤ 4, not SH.
There were higher ALT values and greater percentage of females with NAS ≥ 5 compared
to NAS ≤ 4 in the definite SH group, but no other demographic or clinical data that were
significantly different.

Major strengths of this study include the large amount of prospectively obtained clinical data
from the NASH CRN, and biopsy results obtained over a period of several readings from a
Central Review process from up to 10 liver pathologists. It is our hope that our work will
allow others in the field to have the confidence to continue to “split” their diagnostic and
scoring efforts, and not confuse diagnosis with “scoring” nor compromise diagnostic
categories by using a summation numeric value.
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Figure 1.
shows the percentages of biopsies with diagnoses of definite steatohepatitis (closed triangle),
borderline (probable) steatohepatitis (open circle) and definitely not steatohepatitis (closed
square). As can be noted, the majority of definite SH are > 5 and the majority of not SH are
<3, however, the scores and diagnostic categories are not as easily separated in the NAS 3–5
ranges.
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Figure 2.
Figure 2a is an example of high NAS (steatosis, grade 3; lobular inflammation grade 2;
ballooning grade 0, NAS = 5), but not SH by diagnosis. (20X, Hematoxylin and Eosin)
Figure 2b is an example of low NAS (steatosis, lobular inflammation and ballooning all
grade 1, NAS = 3), but diagnosed as definite SH. (20X, Hematoxylin and Eosin)
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Table 2

Baseline characteristics by NAS*

NAS ≤4 NAS ≥5 Total P†

N 461 473 934

Age at biopsy - yrs (range)
47.7

(18.3–78.5)
48.1

(18.2–72.5)
47.9

(18.2–78.5) 0.56

Female gender 257 (55.8) 320 (67.7) 577 (61.8) 0.0002

Race 0.74

  White 368 (82.7) 386 (85.0) 754 (83.9)

  Black 16 (3.6) 12 (2.6) 28 (3.1)

  Asian or Pac. Islander 30 (6.7) 23 (5.1) 53 (5.9)

  Am Indian or AK Native 13 (2.9) 15 (3.3) 28 (3.1)

  More than 1 race 18 (4.0) 18 (4.0) 36 (4.0)

Hispanic/Latino 52 (11.3) 63 (13.3) 115 (12.3) 0.34

BMI (kg/m2) 34.0 ± 6.5 34.3 ± 6.3 34.2 ± 6.4 0.51

Diabetes (Type 2) 108 (23.4) 137 (29.0) 245 (26.2) 0.05

ALT (U/L)‡ 58 (36–78) 82 (53–121) 67 (46–98) <0.0001

Triglycerides (mg/dL) 149 (105–202) 161 (115–239) 157 (110–219) 0.007

Glucose (mg/dL)‡ 95 (86–107) 96 (84–110) 95 (85–108) 0.85

Insulin (µU/mL)‡ 17.0 (11.5–24.0) 20.1 (13.0–30.0) 18.3 (12.1–28.2) 0.001

HOMA-IR‡ 3.9 (2.6–6.3) 4.8 (3.1–7.5) 4.3 (2.8–7.0) 0.004

QUICKI‡ 0.314 ± 0.032 0.307 ± 0.033 0.311 ± 0.032 0.008

ANA positive‡ 74 (24.8) 66 (21.0) 140 (22.9) 0.26

*
Values are N (%), means ± SD, or medians (IQR), unless otherwise specified.

†
P-values derived from chi-square tests for categorical variables (Fisher’s Exact test when expected numbers were small), from ANOVA for age at

biopsy and BMI, and from the Kruskal-Wallis Test for laboratory measures.

‡
Only laboratory values collected within 6 months of the liver biopsy were included. N=573 for ALT and glucose measurements; N=577 for

triglycerides; N=563 for insulin and HOMA-IR measurements; N=612 for ANA. HOMA-IR is the homeostasis model assessment method for
insulin resistance, calculated as (fasting insulin (µU/mL)*fasting glucose (mmol/L))/22.5. QUICKI is calculated as: 1/log(insulin µU/mL*glucose
mg/dL).
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Table 4

Sensitivity, specificity, percent agreement, and Cohen’s kappa statistic using NAS cutpoint of 5 for
classification of NASH diagnosis

NAS

NASH Diagnosis

Definite Borderline/not

≥5 407 66 473

≤4 136 325 461

543 391 934

Sensitivity (95% CI): 0.75 (0.72 – 0.78)

Specificity (95% CI): 0.83 (0.80 – 0.85)

Percent agreement (95% CI): 78.4% (0.76 – 0.81)

Kappa (95% CI): 0.57 (0.76 – 0.81)
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Table 5

Histology by NAS

Histology variable* NAS ≤4 (n=461) NAS ≥5 (n=473) Total (n=934) P

Diagnosis < 0.0001

    Not steatohepatitis 194 (42.1) 14 (3.0) 208 (22.3)

    Borderline 131 (28.4) 52 (11.0) 183 (19.6)

    Definite steatohepatitis 136 (29.5) 407 (86.0) 543 (58.1)

Steatosis grade n/a

    0 - <5% 33 (7.2) 4 (0.9) 37 (4.0)

    1 - 5–33% 267 (57.9) 82 (17.3) 349 (37.4)

    2 - 34–66% 129 (28.0) 177 (37.4) 306 (32.8)

    3 - > 66% 32 (6.9) 210 (44.4) 242 (24.3)

Steatosis location <0.001

    0 – Zone 3 231 (50.3) 160 (33.8) 391 (42.0)

    1 – Zone 1 5 (1.1) 3 (0.6) 8 (0.9)

    2 - Azonal 132 (28.8) 95 (20.1) 227 (24.4)

    3 – Panancinar 91 (19.8) 215 (45.5) 306 (32.8)

Lobular inflammation n/a

    0 - none 3 (0.7) 0 (0.0) 3 (0.3)

    1 - <2 379 (82.2) 82 (17.3) 461 (49.4)

    2 - 2–4 79 (17.1) 288 (60.9) 367 (39.3)

    3 - >4 0 (0.0) 103 (21.8) 103 (11.0)

Chronic portal inflammation <0.0001

    0 - none 91 (19.7) 60 (12.7) 151 (16.2)

    1 - mild 306 (66.4) 301 (63.6) 607 (65.0)

    2 - > mild 64 (13.9) 112 (23.7) 176 (18.8)

Ballooning n/a

    0 - none 275 (59.7) 41 (8.7) 316 (33.8)

    1 - few 126 (27.3) 118 (25.0) 244 (26.1)

    2 - many 60 (13.0) 314 (66.4) 374 (40.0)

Fibrosis <0.0001

    0- none 192 (42.3) 55 (11.7) 247 (26.7)

    1a 71 (15.6) 68 (14.5) 139 (15.0)

    1b 35 (7.7) 73 (15.5) 108 (11.7)

    1c 25 (5.5) 2 (0.4) 27 (2.9)

    2 59 (13.0) 129 (27.5) 188 (20.4)

    3 - bridging 72 (15.9) 143 (30.4) 215 (23.3)

*
Values are N (%). Biopsies with cirrhosis were excluded. P-values derived from chi-square tests or Fisher’s exact test (for categorical variables

with small expected numbers). P-values for components of the NAS (steatosis amount, lobular inflammation, and ballooning) were not included.
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Table 6

Characteristics of patients by NAS and diagnosis*

Not steatohepatitis Borderline steatohepatitis Definite steatohepatitis P*

N - NAS≤4 194 131 136

N - NAS≥5 14 52 407

Age at biopsy (yrs)

    NAS≤4 47.3 ± 11.6 46.5 ± 11.6 49.3 ± 11.9 0.13

    NAS≥5 41.9 ± 13.1 47.1 ± 10.6 48.5 ± 11.3 0.08

Female gender

    NAS≤4 107 (55.2) 72 (55.0) 78 (57.4) 0.90

    NAS≥5 8 (57.1) 30 (57.7) 282 (69.3) 0.16

Caucasian race

    NAS≤4 156 (83.0) 103 (81.1) 109 (83.9) 0.84

    NAS≥5 12 (92.3) 44 (86.3) 330 (84.6) 0.90

Hispanic ethnicity

    NAS≤4 26 (13.4) 11 (8.4) 15 (11.0) 0.39

    NAS≥5 2 (14.3) 1 (1.9) 60 (14.7) 0.02

BMI (kg/m2)

    NAS≤4 33.8 ± 5.9 34.5 ± 7.4 33.9 ± 6.3 0.63

    NAS≥5 34.8 ± 9.5 32.1 ± 4.7 34.6 ± 6.3 0.02

Diabetes (Type 2)

    NAS≤4 38 (19.6) 31 (23.7) 39 (28.7) 0.16

    NAS≥5 0 (0) 6 (11.5) 131 (32.2) <0.0001

ALT (U/L)‡

    NAS≤4 51 (33–72) 60 (33–78) 65 (48–86) 0.003

    NAS≥5 57 (50–120) 89 (57–111) 82 (52–122) 0.76

Triglycerides (mg/dL)

    NAS≤4 146 (104–193) 151 (105–207) 151 (106–209) 0.87

    NAS≥5 130 (104–201) 147 (99–209) 164 (118–249) 0.09

Glucose (mg/dL)‡

    NAS≤4 96 (87–107) 92 (85–104) 97 (86–108) 0.24

    NAS≥5 97 (93–100) 93 (87–108) 96 (84–111) 0.92

Insulin (µU/mL)‡

    NAS≤4 16 (10–21) 18 (12–26) 18 (12–28) 0.06

    NAS≥5 14 (10–15) 17 (9–24) 22 (13–31) 0.01

HOMA-IR‡

    NAS≤4 3.6 (2.3–5.4) 4.3 (2.6–6.3) 4.2 (3.0–7.3) 0.07

    NAS≥5 3.3 (2.3–3.3) 4.2 (2.1–6.2) 5.0 (3.1–7.6) 0.02

QUICKI‡

    NAS≤4 0.318 ± 0.030 0.312 ± 0.026 0.311 ± 0.038 0.21

    NAS≥5 0.328 ± 0.029 0.315 ± 0.035 0.305 ± 0.032 0.04
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Not steatohepatitis Borderline steatohepatitis Definite steatohepatitis P*

ANA positive‡

    NAS≤4 33 (27.3) 17 (20.2) 24 (25.8) 0.51

    NAS≥5 0 (0) 3 (9.1) 63 (23.2) 0.06

*
Values are N (%), means ± SD, or medians (IQR), unless otherwise specified.

†
P-values derived from chi-square tests for categorical variables (Fisher’s Exact test when expected numbers were small), from ANOVA for age at

biopsy and BMI, and from the Kruskal-Wallis Test for laboratory measures.

‡
Only laboratory values collected within 6 months of the liver biopsy were included. N=278 for ALT and glucose measurements; N=280 for

triglycerides; N=272 for insulin and HOMA-IR measurements; N=298 for ANA. HOMA-IR is the homeostasis model assessment method for
insulin resistance, calculated as (fasting insulin (µU/mL)*fasting glucose (mmol/L))/22.5. QUICKI is calculated as: 1/log(insulin µU/mL) +
log(glucose mg/dL).
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Table 8

Regression analysis of liver enzymes and measures of metabolic syndrome and insulin resistance on livery
histology (NAS≥5 and NASH diagnosis)

ALT (U/L)

Models β 95% CI P

One variable model

    NAS≥5 30.9 23.0 – 38.8 <0.0001

    NASH diagnosis 25.5 17.3 – 33.7 <0.0001

Two variable models

    NAS≥5 24.5 15.1 – 34.0 <0.0001

    NASH Dx 11.8 2.1 – 21.3 0.02

AST (U/L)

Models β 95% CI P

One variable model

    NAS≥5 25.9 20.2 – 31.7 <0.0001

    NASH diagnosis 25.7 19.8 – 31.6 <0.0001

Two variable models

    NAS≥5 17.3 10.4 – 24.1 <0.0001

    NASH Dx 16.1 9.1 – 23.0 <0.0001

Diabetes

Models OR 95% CI P

One variable model

    NAS≥5 1.33 0.99 – 1.79 0.06

    NASH diagnosis 1.92 1.41 – 2.62 <0.0001

Two variable models

    NAS≥5 0.90 0.63 – 1.29 0.58

    NASH Dx 2.04 1.40 – 2.96 <0.0001

Metabolic Syndrome

Models OR 95% CI P

One variable model

    NAS≥5 1.21 0.93 – 1.58 0.16

    NASH diagnosis 1.43 1.09 – 1.98 0.009

Two variable models

    NAS≥5 0.98 0.71 – 1.36 0.91

    NASH Dx 1.45 1.04 – 2.01 0.03

HOMA-IR
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ALT (U/L)

Models β 95% CI P

Models β 95% CI P

One variable model

    NAS≥5 1.39 0.48 – 2.31 0.003

    NASH diagnosis 1.70 0.77 – 2.62 <0.0001

Two variable models

    NAS≥5 0.68 −0.41 – 1.77 0.22

    NASH Dx 1.32 0.21 – 2.42 <0.0001

QUICKI (X 1,000 )

Models β 95% CI P

One variable model

    NAS≥5 −7.17 −12.49 – −1.85 0.008

    NASH diagnosis −9.24 −14.63 – −3.86 0.001

Two variable models

    NAS≥5 −3.12 −9.45 – −3.86 0.33

    NASH Dx −7.51 −13.95 – −1.06 0.02
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