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Abstract
Untreated adult nonalcoholic fatty liver disease (NAFLD) is characterized by absent or mild portal
chronic inflammation (CI); in the portal-based pediatric pattern of NAFLD, portal CI may be a
predominant component. This study was undertaken to correlate clinical features with portal CI in
the subjects enrolled in the NASH CRN.

Methods—Histology from central grading and clinical parameters temporally related to the
biopsy were evaluated from 728 adults and 205 children.

Results—Sixty percent of adult biopsies had mild, 23% had more than mild, and 16% had no
portal CI. In children, 76% had mild, 14% were more than mild, and 10% had no portal CI. In
neither group were autoantibodies, elevated ALT, or generic use of “any” medications associated
with the presence or degree of portal CI. Clinical features associated with “more than mild” in
adults were older age (51 y v 44 y) (p<0.0001), female gender (p=0.001), higher BMI (p<0.0001),
elevated insulin levels (median 20 v 14uU/ml) (p=0.001), higher HOMA-IR (median 5 v 3)
(p<0.0001), and medications used for NAFLD (p=0.0004), diabetes (p<0.0001), and hypertension
(p<0.0001). The same comparisons for “more than mild” v “none” in the pediatric biopsies
showed only an association with younger age (12 y v 14 y) (p=0.01), but there was a trend
favoring boys. There was no association with BMI, insulin or HOMA-IR. In both groups, lobular
and portal inflammation scores had no association, but there was an association with a definite
steatohepatitis diagnosis (p<0.0001 for both). Features in the adult biopsies associated with “more
than mild” were steatosis amount (p=0.01and location (p<0.0001), presence of ballooning
(p<0.0001), and advanced fibrosis (p<0.0001). In the pediatric biopsies, “more than mild”
compared with “none” was associated with steatosis location (p=0.0008), and fibrosis score
(p<0.0001), specifically, the pediatric (zone 1 accentuation) pattern (p<0.001) and portal/
periportal fibrosis (or more advanced fibrosis) (p<0.01).

Conclusions—Increased portal CI is associated with many clinical and pathologic features of
progressive NAFLD in both adults and children, but not with ALT, autoantibodies, or lobular
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inflammation. The presence of more than mild portal CI in liver biopsies of untreated NAFLD
may be considered a marker of clinically and histologically advanced disease.

Introduction
Nonalcoholic fatty liver disease (NAFLD) remains a clinico-pathologic diagnosis; following
certain clinical exclusions, NAFLD is traditionally histologically characterized in both
adults and children by the presence of > 5% large droplet steatosis, with or without
accompanying lobular inflammatory infiltrates. In adults, further findings may be zone 3
predominance of steatosis, and hepatocellular ballooning with or without intracytoplasmic
inclusions, now known as Mallory-Denk bodies1. Collectively, the lesions of steatosis,
hepatocyte injury (ballooning) and parenchymal inflammation are referred to as
“nonalcoholic steatohepatitis” (NASH). When fibrosis occurs in adult NASH, the deposition
of collagen occurs initially in the perisinusoidal space of Disse, also in zone 3; with
progression, portal and periportal fibrosis may occur. In children (defined as up to 18 years
of age) with clinically-defined NAFLD, three “broad” histologic patterns of injury have
been described: an adult-like NASH (so-called “type 1”); “type 2” NASH with either zone 1
(periportal) predominance or panacinar large droplet steatosis, less or no ballooning, and
presence of portal inflammation and fibrosis; and a pattern of “overlap” with features of
both 2, 3. Thus, pediatric NAFLD may or may not manifest hepatocellular ballooning, zone
3 perisinusoidal fibrosis, and may have collagen deposition involving only the portal and
periportal regions, prior to bridging fibrosis.

In contrast with the frequently mixed acute and chronic inflammatory infiltrates that may
occur in the lobules in NAFLD, portal inflammation is comprised of cells referred to as
“chronic”, i.e. lymphocytes, plasma cells, occasional eosinophils, monocytes 4. Investigators
in NAFLD have noted that the “disproportionate” amount of portal chronic inflammation
(CI) in NASH may be a harbinger of the possibility of another, concurrent chronic liver
disease5, as recently reviewed 6. In fact, this was shown in large series that documented the
co-existence of not only HCV 5, 7, 8, but also PBC, AIH and other forms of serologically
diagnosed chronic liver disease with NAFLD or NASH 5.

A third group of NAFLD subjects in whom prominent portal chronic inflammation has been
noted is successfully treated patients with either medical or surgical (bariatric) intervention
in whom follow-up liver biopsies have been reported 9. This was specifically highlighted as
a proportionate increase in portal:lobular inflammation in a blinded review of subjects’
biopsies in a trial of rosiglitazone10. No change or relatively less change in portal chronic
inflammation compared with improvement of other components of steatohepatitis 11, 12, or
notable portal inflammation in the setting of otherwise histologically successful outcomes
13, 14 have been reported.

The current study was undertaken to analyze contemporaneous clinical and biopsy data from
a large cohort of well-characterized adult and pediatric NAFLD subjects, focused on portal
CI. We assessed clinical correlations with the degree of portal CI, as had been documented
by the central reviews of the Pathology Committee of the NASH CRN. Specifically, the
study focused on factors that influenced the degree of portal CI. The study highlights clinical
and histologic differences between adults and children, validates observations of pediatric
pattern(s) of disease, and indicates that portal CI is a marker of advanced disease. In
addition, the study found no correlation of the presence of portal CI with elevated ALT or
with scores for lobular inflammation, indicating differing stimuli for portal and lobular
inflammation in NAFLD.
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Materials and Methods
The Pathology Committee of the NASH Cooperative Research Network (CRN) consists of
one pathologist from each Clinical Center and one from the National Cancer Institute (NCI);
the group meets on a quarterly basis for central, blinded assessment of all liver biopsies
regularly submitted for the Database (Natural history) Study and the two treatment trials in
the NASH CRN: the Pioglitazone Vitamin E for NASH (PIVENS) trial (adults) and the
Treatment of NAFLD in Children (TONIC) trial (children). Biopsies are rigorously
evaluated according to the published, validated feature based scoring system15. Criteria for
portal CI evaluated during central review have been modified to “none”, “mild”, “more than
mild”. Biopsies categorized as “none” had either no inflammation or only rare inflammatory
cells identified at high magnification in any portal area. Mild portal CI is defined as a few
mononuclear cells, usually, but not always, in more than one portal tract. Any lymphoid
aggregates would disqualify as “mild”._“More than mild” was scored when at least one
portal area showed a moderate to marked density of inflammation,and/or the presence of
lymphoid aggregates. These categorizations of portal CI purposefully do not rely on absolute
cell counts, as that is neither practical, nor how assessments are made in daily practice.
Diagnostic categories utilized are: definite steatohepatitis, definitely not steatohepatitis,
borderline steatohepatitis (zone 3 pattern) and borderline steatohepatitis (zone 1 pattern).
The two borderline categories refer to histologic changes that fulfill some, but not all, for
definite steatohepatitis, and further reflect a zonal accentuation of lesions.

Only laboratory values collected less than six months prior to or up to one month after the
date of biopsy were used in the analysis. Recorded age was calculated for the age at the time
of the biopsy . Body mass index (BMI) was categorized as <30 kg/m2, 30-34 kg/m2, and
>35 kg/m2. ANA and ASMA were categorized as positive or negative, where ANA≥1:40
was positive and ASMA≥1:20 was positive. The homeostasis model assessment method for
insulin resistance (HOMA-IR) was calculated as (fasting insulin (μU/mL)*fasting glucose
(mmol/L)/22.5) 16

Information related to medication use was obtained from a baseline medical history
collected at the time of entry into the CRN. Medication histories ranged from 3 months to 2
years prior to the biopsy. For the sake of assessment, not all medications were considered,
but only those that could have had a potentially positive impact on treating NAFLD, those
that may be predisposing to NAFLD, and multivitamins. These were then further considered
in subgroups for ease of analysis: medications that have been historically considered related
to and/or potentially causative of NAFLD 17; medications used to treat diabetes;
medications that may be used to treat NAFLD; medications for cardiovascular disease,
hypertension and hyperlipidemia; and medications used to treat obesity. These can be seen
in Supplementary Table 1. Statistical analyses: P-values were determined by Fisher’s exact
test for categorical variables and Wilcoxon rank sum test for continuous variables. Odds
ratios and 95% confidence intervals were determined from multiple ordinal logistic
regression analysis. Models were adjusted for age at biopsy, race and ethnicity, and gender.
Analyses were performed using SAS statistical software (version 8, SAS Institute, Cary,
NC) and Stata (Release 10, StataCorp, College Station, TX).

Results
Seven hundred twenty eight adult biopsies and 205 pediatric biopsies that had undergone
Central review formed the subjects for this analysis. In the adult biopsies, 481 were from the
Database study and 247 from PIVENS, while in the pediatric biopsies, 98 were from
Database and 107 from TONIC.
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In the adult biopsies, 16% had none, 60% had mild and 23% had more than mild portal
chronic inflammation. In the pediatric biopsies, 10% had none, 76% had mild and 14% had
more than mild portal chronic inflammation. Clinical and histologic features that were
associated with portal chronic inflammation in adults are shown in Tables 1 and 2; those for
pediatric biopsies are in Tables 3 and 4, respectively.

Demographic and Clinical Features
Adults—In comparison to patients with no portal CI, those with more than mild portal
inflammation were older (51 ± 11y vs 44 ± 11y, p<0.0001), more often women (71% vs
51%, p=0.001), and had higher BMIs (56% vs. 27% had BMI> 35 kg/m2, p<0.0001). The
patients with more than mild portal chronic inflammation had higher insulin values
compared with those with none (median of 20 μU/ml vs 14 μU/ml, p = 0.001) as well as
calculated index of insulin resistance, HOMA-IR score (median 5 vs 3, p < 0.0001),
compared to those with none. Findings were similar when comparing patients with no portal
inflammation to those with mild portal inflammation. (Table 1) There were no significant
differences comparing none to mild or none to more than mild for serum ALT (p=0.17 and
p=0.45, respectively), presence or absence of serum ANA (p=0.19 and p=0.66,
respectively), or ASMA (p=0.43 and p=0.86, respectively).

Analysis of patients according to medication groups showed that those associated with more
than mild portal inflammation v. none were medications used to treat diabetes (42% vs.
15%, p< 0.0001), NAFLD (29% vs. 11%, p= 0.0004), and cardiovascular/hypertensive
conditions (62% vs. 36%, p<0.0001). No effect on the amount of portal CI was noted with
use of medications associated with potentiating NAFLD (p = 0.19) or treating
hyperlipidemia (p=0.20). In comparison, the medication groups associated with mild portal
inflammation v none were medications used to treat NAFLD (21% vs. 11%, p=0.02), and
cardiovascular/hypertensive conditions (53% vs. 36%, p=0.001). There was a trend toward
significance for diabetic medications (p=0.07) and anti-obesity medications (p=0.05).

To explore the possibility that increased portal CI was a potential manifestation of use of
“any” medication, analyses for the use of medications for all other, nonNAFLD-related
medical conditions, as well as an analysis of “any medication use” were done. These failed
to show differences in the spectrum of portal CI. The exception to this was the finding that
all 17 of the individuals taking anti-obesity medications had at least mild portal CI; 15 had
mild portal chronic inflammation (p=0.05), and two had greater than mild portal chronic
inflammation, which was not statistically significant (p=0.52).

Figure 1 shows the demographic and clinical features associated with increased portal CI in
adults from adjusted ordinal logistic regression models. Increased age (OR=1.03, p<0.0001),
higher BMI (OR=3.12 for BMI>35 kg/m2, p<0.0001), higher insulin values (OR=2.06 per
100 uU/mL, p=0.01), increased HOMA-IR (OR=1.39 per 10 unit increase, p=0.002) were all
associated with increased portal CI. In addition, use of anti-diabetic medications (OR=2.38,
p<0.0001) and anti-NAFLD medications (OR=1.72, p=0.003) were associated with
increased portal CI.

Pediatrics—The age range for pediatric patients in the NASH CRN is 6-17 years; the
mean age is 12.9 ±2.4 years. In comparison to patients with no portal CI, and in contrast
with adults, pediatric patients with more than mild portal CI were younger (12 ± 2y vs 14 ±
2y, p=0.01). There was no difference in age comparing the patients with mild portal
inflammation to those with none (p=0.25) Race was analyzed and categorized as follows:
white, black, Asian or Pacific Islander, American Indian or Alaska Native, or more than one
race. Hispanic ethnicity was also added as a separate variable. The results are shown in
Tables 3 and and 4, and Figure 2.
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There was not a significant association between Hispanic ethnicity and portal chronic
inflammation in pediatric patients. However, the distribution of race was significantly
different by portal CI category, with 36% of children with more than mild portal CI being
American Indian or Alaska Native vs. 0% in the no portal CI group (p=0.002). The majority
of patients who reported American Indian or Alaska Native race also reported Hispanic(vs
non-Hispanic) ethnicity.

Although there was a clear trend of more than mild portal CI seen in boys compared with
girls, this was not statistically significant (p=0.24). Also unlike adults, there were no
differences among the biopsy groups in regard to BMI (p=0.57), insulin values (p=0.85) or
calculated index of insulin resistance, HOMA-IR (p=0.70). Similarly, no differences were
found for these characteristics when comparing the none v mild portal CI groups. As was
found in the adult patients, the serum ALT values, ANA and ASMA tests had no
relationship to the evaluation of none v more than mild portal CI in the corresponding
biopsies (p=0.58, 0.1.0, 1.0 respectively) or none v mild portal CI (p=1.0, p=1.0, p=0.81,
respectively).

The two other groups of pediatric patients in whom biopsies had significant differences were
small, those using medications for either diabetes (n=14) or NAFLD (n=18). Unlike in
adults, the use of these medications was inversely related to portal CI; 25% of the patients
with no portal CI had a history of taking diabetic meds, compared to 5% of the mild portal
CI group (p=0.008) and 4% of the more than mild group (p=0.03). Similarly, 25% of the no
portal CI patients had a history of taking medications for NAFLD, compared to 8% of the
mild portal CI group (p=0.03) and 4% of the more than mild group (p=0.03). Also, the
adjusted odds of increased portal CI was lower among patients with a history of diabetes
medications (OR=0.2, p=0.008) and NAFLD medications (OR=0.3, p=0.02) (Figure 2).
Only 4 pediatric patients each were listed as taking anti-obesity medications or treatment for
hyperlipidemia. This is considered too few for meaningful analysis, however, we observed
that results for biopsy findings in the 4 were across the spectrum of portal CI. In patients
with no portal inflammation, 40% were taking multivitamins as compared with 14% of those
with mild portal inflammation (p=0.008). No associations were seen amongst the 14
pediatric patients taking medications that can exacerbate NAFLD, or among those taking
“any” medications.

Histologic Correlations
Adults—Seventy-seven percent of the 171 biopsies with more than mild portal CI had
5-66% steatosis; 81% of the biopsies had steatosis that was either azonal or panacinar; none
were without lobular inflammation, but only 16% had >4/20X; 60% had 2+ ballooning and
26% had cirrhosis. Thirty-six percent had bridging fibrosis and 23% had stage 2 (a
combination of zone 3 perisinusoidal and periportal fibrosis).

Comparing more than mild v none portal CI in the 728 adults’ biopsies, significant
histologic findings were decreased steatosis (16% vs. 23% had > 66% steatosis, p=0.01),
azonal location (52% vs. 20%, p< 0.0001), increased ballooning (60% vs. 20% had many
ballooned hepatocytes, p<0.0001), advanced fibrosis (60% vs. 4% had bridging fibrosis or
cirrhosis, p<0.0001), and greater likelihood of definite NASH diagnosis (73% vs 40%,
p<0.0001). Similar statistically significant associations were found when comparing patients
with mild vs. none portal CI, except there was no association with the amount of steatosis.

Of note, lobular inflammation scores were evenly distributed among the portal CI categories
and therefore had no correlative effects.
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Figure 1 shows the adjusted odds ratios for the histologic features associated with increased
portal CI, from ordinal logistic regression analysis. Advanced fibrosis was associated with
increased portal CI (OR=6.5, p<0.001), as was steatohepatitis diagnosis (p<0.0001), where a
diagnosis of definite steatohepatitis was significantly more frequent in biopsies with
increased portal CI (OR=2.4).

Pediatrics—Of biopsies with more than mild portal CI, the steatosis grades were fairly
evenly distributed (grade 1 38%, grade 2 31%, grade 3 28%); distribution, however favored
panacinar (41%) and zone 1 (24%) over zone 3 (17%). None of the biopsies scored “0” for
lobular inflammation; only 7% of the total 205 scored >4 foci/20x. The remaining 93% were
in the <2/20x and 2-4/20x categories, and none of the categories had any correlation with
presence or amount of portal inflammation. 10% of the 29 biopsies with more than mild
portal CI were grade 3 (>4/20X). No hepatocellular ballooning was recorded in the majority
of the biopsies with more than mild portal CI (48%); this was a similar score for ballooning
in biopsies with an absence of portal CI (55%). In cases with “more than mild” or “mild”
portal CI, 20% and 17% respectively had 2+ ballooning; (n.s.); thus, neither presence nor
absence of portal CI was associated with presence or absence of ballooning in the pediatric
biopsies.

Fifty eight (28%) of all the biopsies had no fibrosis and 30% had portal or periportal fibrosis
without zone 3 perisinusoidal fibrosis. Five percent had only zone 3 perisinusoidal fibrosis,
confirming the rarity of this pattern of fibrosis in pediatric NAFLD. 16% had stage 2 (both
portal/periportal and zone 3 perisinusoidal fibrosis); 14% had bridging and 1% had cirrhosis.
Thus, the majority of the cases did not have advanced (greater than stage 2) fibrosis.
However, of the 31 patients with advanced fibrosis, all but one patient had mild or more
than mild portal chronic inflammation (p<0.0001). The diagnostic category of borderline,
zone 1 periportal pattern was associated with more than mild portal CI (48%, p<0.001));
21% had definite steatohepatitis. In the 20 biopsies with no portal inflammation 35% were
diagnosed as definite steatohepatitis and 50% as definitely not steatohepatitis; none were
diagnosed as “indeterminate, zone 1,periportal pattern”.

Comparing none v more than mild showed a trend for panacinar steatosis location (p=0.06),
significance for fibrosis stage > 1b (p<0.001), and diagnostic category of zone 1 periportal
pattern (p<0.0001).

Figure 2 shows the adjusted odds ratios for the histologic features associated with increased
portal CI. Similar to adults, advanced fibrosis was associated with increased portal CI
(OR=4.5, p=0.001), as was steatohepatitis diagnosis (p=0.002), with an adjusted odds ratio
for borderline zone 3 pattern of 4.5, 7.0 for the borderline, zone 1 periportal pattern and 2.2
for a definite steatohepatitis diagnosis. Further, the association between steatohepatitis
diagnosis and Hispanic ethnicity showed that 35% of Hispanic patients had the borderline
zone 1 pattern vs. 19% of non-Hispanic patients (p=0.03). (Table 5)

Discussion
Portal chronic inflammation is a lesion in nonalcoholic fatty liver disease that has not been
well characterized, although it has been noted in three settings: concurrent chronic liver
disease, following successful treatment intervention, and in biopsies from children. In the
current study, we report results of clinico-pathologic correlations from biopsies of 728 adult
and 205 pediatric subjects from the three studies of the NASH CRN. The clinical and
demographic information of these well-characterized subjects was obtained within 6 months
of the biopsies; all biopsy data was garnered from blinded Central Pathology review by the
Pathology Committee of the NASH CRN. The primary finding of this study confirms that
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portal chronic inflammation may be present in liver biopsy in varying degrees from none, to
mild, to “more than mild” and in both groups of patients, correlates with greater histologic
severity of disease, including advanced stages of fibrosis. Further, increased portal chronic
inflammation also correlated with clinical features associated with increased risk of
progressive disease18-20: in adults, the lesion was more severe in women than men, and
correlated with increased age, BMI and markers of insulin resistance. The fact that portal
chronic inflammation did not correlate with increased BMI and markers of insulin resistance
in children could be a reflection of the numbers of cases and the fact that the majority of
biopsies (76%), in fact, had mild portal chronic inflammation. Significantly, in both adults
and pediatric subjects, the presence of portal chronic inflammation could not be predicted by
serum ALT levels, and was not associated a with, and therefore, not a spurious result of
nonorgan specific autoantibodies that may occur in NAFLD21.

Significant portal chronic inflammation correlated with a definitive diagnosis of
steatohepatitis in both adult and pediatric biopsies. This diagnosis, derived by a combination
of the lesions of steatosis, ballooning, inflammation, and pattern of disease, is a separate
exercise from the scoring of individual lesions for the NAFLD activity score. The fact that
steatosis was no longer in a zone 3 distribution in adults in cases with increased portal
chronic inflammation indicates the alterations that have been described with progression of
disease, i.e. fibrosis, in nonalcoholic steatohepatitis. It is, in fact, well-described, that as
fibrosis progresses, NASH may “lose” steatosis and lobular activity and result in cirrhosis
that is otherwise considered “cryptogenic”22, 23. In children, the different histologic pattern
of disease that has been formally codified as Type 22, was validated by the findings in this
study: most portal chronic inflammation was associated with either panacinar or periportal,
zone 1 steatosis, ballooning was not a commonly associated feature, and the lesion was most
commonly associated with a diagnosis of either definite steatohepatitis or the zone 1 pattern
of indefinite. In addition, when race and ethnicity were analyzed as discrete entities, children
of self-reported Hispanic ethnicity did have the “borderline, zone 1 pattern” more often than
those of non-Hispanic ethnicity. Furthermore, by racial analysis, children who also
categorized themselves as “Hispanic ethnicity” had greater portal CI than other racial
groups.

In both adults and children, lobular inflammatory scores had no association with those of
portal chronic inflammation. From a mechanistic point, this observation implies distinct
immunopathogenic processes in the lobules and portal tracts. This same separation can be
inferred from the the semiquantitative scoring systems developed for chronic hepatitis,
Knodell, Ishak, Scheuer. METAVIR, and Batts and Ludwig (reviewed in 24). Recently,there
has been recognition of both the initiating and potentiating roles of the innate immune
system in obesity, insulin resistance, and adipose tissue inflammation. Whether the effects of
activation of the innate immune system are direct or occur through signaling pathways to
result in liver tissue inflammation, is not known25. Further, to date, evaluation of portal
inflammation has not been discussed distinctly from lobular inflammation in terms of innate
immune system tissue injury in NAFLD/NASH.

Whether portal CI is associated with the ductular reaction and portal fibrosis, as recently
shown for both chronic hepatitis C26 and NAFLD27, was not addressed in this study,
however, separation of the ductular reaction and the associated inflammatory component of
it makes this a challenge. Interestingly, in a study of alcoholic liver disease, portal chronic
inflammation was found in 40% of biopsies, none of which were from patients with either
hepatitis C or B. The strongest of 5 associations (gender, age, consumption, steatosis and
fibrosis) was portal/septal fibrosis. The authors concluded that portal inflammation had a
role in fibrosis in alcoholic liver disease.28
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From a practical point of view, the finding does suggest a possible role for the inclusion of
portal chronic inflammation in semiquantitative scoring, as proposed in an initial system29.
Portal chronic inflammation was not included in the NAS15, as the feature was not
statistically related to a NASH diagnosis; however, a possible reason for this is the relatively
small number of cases in that study (52) compared to the current study (752).

Our study confirms some of the findings of previous clinico-pathologic studies that
developed markers of prediction of fibrosis in adult NAFLD in that the predominance of
increased BMI18, older age18, 20 and female gender18 were noted in our adult biopsies.
However, our series did not confirm the usefulness of serologic assays for ALT.

In conclusion, the primary findings of this study confirm that the majority of biopsies with
nonalcoholic fatty liver disease have at least some amount of portal chronic inflammation,
either mild (60% and 76% respectively in adults and children) or more than mild (23% and
14%, respectively), and that more than mild portal inflammation correlates with advanced
fibrosis. Thus, the presence of increased portal inflammation may be a marker of advanced
disease in NAFLD. Interestingly, portal inflammation had no correlation with presence or
amount of lobular inflammation and was not correlated to serum ALT, presence or absence
of serum ANA or ASMA. Finally, in adults, “more than mild” portal chronic inflammation
correlated with increased age, female gender, obesity, higher insulin levels and calculated
insulin resistance, as well as use of medications for diabetes and hypertension, whereas in
children, the correlations were with boys, younger children (12 y v 14 y), and lack of use of
medications for diabetes, but not with obesity. The histologic findings in the children fit the
increasingly recognized phenotype of zone1, portal-based injury in pediatric NAFLD30.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Figure 2.
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Table 5
Analysis of Diagnosis in Pediatric Biopsies by Ethnicity

Steatohepatitis Diagnosis Hispanic (N=114) Non-Hispanic (N=89)

None 26 (23%) 24 (27%)

Borderline, Zone 3 pattern 22 (19%) 14 (16%)

Borderline, Zone 1 pattern* 40 (35%) 17 (19%)

Definite 26 (23%) 34 (38%)

Borderline, zone 3 pattern and Borderline, zone 1 pattern have been defined in Materials and Methods

*
P=0.03, from Fisher’s Exact Test
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