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Abstract

Background & Aims—The characteristics of nonalcoholic fatty liver disease (NAFLD) in
elderly patients are unknown. Therefore, we aim to examine the differences between elderly and
non-elderly patients with NAFLD, and to identify determinants of nonalcoholic steatohepatitis
(NASH) and advanced fibrosis (bridging fibrosis or cirrhosis) in elderly patients.

Methods—This is a cross-sectional analysis of adult participants who were prospectively
enrolled in the NASH Clinical Research Network studies. Participants were included based upon
availability of the centrally reviewed liver histology data within one year of enrollment, resulting
in 61 elderly (aged = 65 years) and 735 non-elderly (18-64 years) participants. Main outcomes
were presence of NASH and advanced fibrosis.

Results—Compared to non-elderly patients with NAFLD, elderly patients had a higher
prevalence of NASH (56% versus 74%, P =0.02), and advanced fibrosis (25% versus 44%,
P=0.002), respectively. Compared to non-elderly patients with NASH, elderly patients with NASH
had higher rates of advanced fibrosis (35% versus 52%, P=0.03), as well as other features of
severe liver disease including presence of ballooning degeneration, acidophil bodies,
megamitochondria, and Mallory-Denk bodies (P <0.05 for each). In multivariable-adjusted logistic
regression analyses, independent determinants of NASH in elderly patients included higher AST
(odd ratio (OR)=1.12, P=0.007) and lower platelets (OR= 0.98, P=0.02); and independent
determinants of advanced fibrosis included higher AST (OR=1.10, P=0.002), lower ALT value
(OR=0.91, P=0.001) and an increased odds of having low HDL (OR=12.62, P=0.004).
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Conclusions—Elderly patients are more likely to have NASH and advanced fibrosis than non-
elderly patients with NAFLD. Liver biopsy may be considered in elderly patients and treatment
should be initiated in those with NASH and advanced fibrosis.
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Introduction

Methods

Nonalcoholic fatty liver disease (NAFLD) afflicts one in every three adult Americans and it
is the most common cause of elevated serum aminotransferases in the United States (US)14.
NAFLD is seen in individuals who consume little or no alcohol. It can range from presence
of steatosis alone, that is expected to have a non-progressive course, to nonalcoholic
steatohepatitis (NASH), the progressive form of NAFLD that can lead to advanced fibrosis,
cirrhosis and hepatocellular carcinoma in a subset of patients 58, Liver biopsy in NASH is
typically characterized by steatosis, lobular inflammation, ballooning degeneration with or
without peri-sinusoidal fibrosis®: 10.

Children and adolescents with NAFLD may have a different pattern of liver injury than
adult patients with NAFLD1-13, This suggests that as an individual grows or ages NAFLD
phenotypes may vary. However, there are limited data examining whether we see a different
pattern of liver histology in elderly patients with NAFLD. Several groups have now shown
that older age is a risk factor for NASH and advanced fibrosis in patients with NAFLD4 15,
Recent studies have suggested that a higher prevalence of NAFLD and more advanced
fibrosis may be seen in elderly patients16: 17. However, little is known about the
characteristics and histology of NAFLD in elderly patients.

The US population is aging due to the steady rise in life expectancy8-20. In 2010,
approximately forty million Americans were older than 65 years. By the year 2030, this age
group of Americans is estimated to rise to more than 70 million?l. The aging of the
American population underscores the importance of studying the characteristics of NAFLD
in the elderly patients. Finally, a recent study found that ALT decreases with age, 22 which
may cause significant disease to be overlooked in elderly patients if that is the sole
determining criterion for a referral to a specialist.

The main aims of this study were to investigate the clinical and histological characteristics
of NASH and fibrosis in elderly patients compared to non-elderly patients from the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) Nonalcoholic
Steatohepatitis Clinical Research Network (NASH CRN) cohort, and to determine the
characteristics associated with NASH in elderly compared to the non-elderly patients. In this
study, we hypothesized that elderly patients with NAFLD have more advanced disease,
reflected by a higher prevalence of NASH and fibrosis, compared to younger adults.

Study design and setting

This is a cross-sectional analysis of adult patients with biopsy-proven NAFLD who were
enrolled into either the NAFLD Database Study, a prospective cohort study, or the PIVENS
(Pioglitazone versus Vitamin E versus Placebo for the Treatment of Nondiabetic Patients
with Nonalcoholic Steatohepatitis; Clinical Trial number NCT00063622), a randomized,
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placebo-controlled, double-masked clinical trial, of the NIDDK sponsored NASH-CRN
consortium?3: 24,

Participants were enrolled between 2004 through 2008 by one of the eight participating
medical centers in the United States: University of California at San Diego (San Diego, CA);
Duke University (Durham, NC); Case Western Reserve (Cleveland, OH);; Indiana
University (Indianapolis, IN); Saint Louis University (St. Louis, MO); University of
California at San Francisco (San Francisco, CA); University of Washington (Seattle, WA);
and Virginia Commonwealth University (Richmond, VA). All enrolled patients provided
written informed consent before data collection. The clinical protocols, consent forms, and
manual of operations were also reviewed and approved by a data safety monitoring board
established by the NIDDK specifically for the NASH CRN. In addition the protocol and the
informed consent were approved by the Institutional Review Board of each site. STROBE
guidelines for cross-sectional studies were followed?2°.

Patient population

Both the NAFLD Database and PIVENS treatment studies have been published?3: 24. 26,
Briefly, the inclusion criteria for the NAFLD Database required either histological diagnosis
of NAFLD, imaging suggestive of NAFLD, histological diagnosis of cryptogenic cirrhosis,
or clinical evidence of cryptogenic cirrhosis. Exclusion criteria included diagnosis of other
chronic liver disease or suspected or proven hepatocellular carcinoma, or an average alcohol
consumption >20g daily for man, or >10g average for woman, during the 2 years before
entry. PIVENS inclusion additionally required patients to have histological evidence of
NASH without cirrhosis and the absence of diabetes.

Inclusion criteria for this sub-analysis

Co-variates

To be included in the dataset for the analysis of this study, participants were required to have
a biopsy within one year of enrollment that was evaluated through central reading by the
NASH CRN Pathology Committee. Subjects were divided into the following groups: (1)
patients who were 65 years or older at the time of their biopsy were defined as elderly?’: 28
and (2) patients between 18 and 64 years of age were defined as non-elderly.

The following characteristics were examined: demographic factors included age, sex, race
(white vs other), and ethnicity (Hispanic vs not); anthropometrics included body mass index
(BMI) and waist circumference; and clinical characteristics included hypertension and
diabetes. Metabolic syndrome was defined as having 3 of the following 5 factors: impaired
fasting glucose (= 100 mg/dL), large waist circumference (> 88 cm in women, > 102 cm in
men), hypertriglyceridemia (= 150 mg/dL), low HDL cholesterol (< 50 mg/dL in women, <
40 mg/dL in men), high blood pressure (HBP) (systolic BP = 130 mmHg or diastolic BP >
85 mmHg). In addition, we also included smoking status (yes/no) and history of coronary
heart disease (CHD) (yes/no) as a co-variate. This analysis also included clinical laboratory
tests including: aspartate aminotransferase (AST), alanine aminotransferase (ALT), the
AST/ALT ratio, gamma glutamyl trans-peptidase (GGT), alkaline phosphatase (ALK),
albumin, total protein, prothrombin time, platelet count, total cholesterol, high-density
lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), triglycerides,
hemoglobin Alc (HbAlc), fasting glucose, fasting serum insulin, the homeostasis model
assessment of insulin resistance (HOMA-IR) index and titers of antinuclear (ANA), anti-
smooth muscle (ASMA), and anti-mitochondrial (AMA) antibodies. Abnormal ALT, AST
and alkaline phosphatase were defined as more than > 1 upper limit of normal (ULN)
according to local reference ranges. The APRI score was defined as [(AST/ULN)/platelets]
multiplied by 100.
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Liver histologic assessment section

The NASH CRN Pathology Committee consisted of nine liver pathologists who were
blinded to all clinical and identifying data. Biopsies were scored by consensus during
pathology committee meetings using the NASH CRN Histologic Scoring System .

Briefly, the following variables were recorded and analyzed in this sub-analysis. Steatosis
evaluation included the grade of steatosis, location of steatosis and presence (or absence) of
microvesicular steatosis. The fibrosis stage was divided into four stages including stage 0:
no fibrosis, stage 1a: mild, zone 3, perisinusoidal fibrosis; stage 1b: moderate, zone 3,
perisinusoidal fibrosis; stage 1c: portal/periportal fibrosis; stage 2: perisinusoidal and portal/
periportal fibrosis; stage 3: bridging fibrosis and stage 4: cirrhosis. The assessment of
inflammation included the number of foci of lobular inflammation, the presence of
microgranulomas, the presence of large lipogranulomas and the degree of portal
inflammation. The liver cell injury assessment included the presence of ballooning
degeneration, acidophil bodies, pigmented macrophages and megamitochondria. Other
components were the presence of Mallory-Denk bodies (or Mallory Hyaline) and
glycogenated nuclei. The histological assessment also included diagnostic classification of
NASH and liver biopsies of the participants were classified into one of the three possible
categories including not NASH, possible/borderline NASH, and definite NASH.

Primary outcomes

The main outcome variables of this study were the presence of definite NASH and advanced
fibrosis defined as either bridging fibrosis or cirrhosis. Secondary outcomes included other
histologic variables.

Statistical analysis

We conducted an exploratory analysis of baseline characteristics including demographic,
anthropometric, clinical, laboratory measures and histological features. Univariate analyses
were performed using this set of characteristics among different study subgroup
comparisons of interest: elderly to non-elderly patients with NAFLD to examine the
differences in the pattern and severity of liver injury between the two groups; elderly
patients with NASH to non-elderly patients with NASH to examine if features of NASH
were distinct between the two groups. Finally we developed a logistic regression model to
examine the determinants of NASH and advanced fibrosis in elderly patients. Differences
between the distributions between subgroups were assessed using Fisher’s exact test for
categorical and t-test for continuous features. All histological features were treated as
categorical. Univariable results were reported as means and standard deviations or
percentages.

Independent predictors of either definite NASH or advanced fibrosis among elderly patients
were determined using unadjusted and adjusted multivariable logistic regression2®. Odds
ratios (OR), 95% confidence intervals (95% CI) and p-values (p) were used to report the
results. The candidate set for the multivariable-adjusted models was limited to features that
have been linked to NAFLD and based upon biological plausibility and included key
demographics (age, race, ethnicity), smoking, h/o CHD, diabetes, components of metabolic
syndrome (BMI, hypertriglycerides, low HDL, high blood pressure, insulin resistance
(HOMA-IR)) and liver disease biomarkers (ALT, AST, GGT, platelets, ferritin). Ethnicity
was not included in the candidate set for the advanced fibrosis model due to multi-
collinearity with metabolic traits. The adjusted model was determined from backward
stepwise regression using a 0.05 level of significance of definite NASH and advanced
fibrosis on the candidate set forcing age, gender and race into the model. Final models were
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assessed using Hosmer-Lemeshow goodness of fit and the Akaike Information Criterion
(A|C)30—33_

All analyses were performed using STATA (version 12) and SAS statistical software
(version 9.3)34 3%) Nominal, two-sided P values were used and were considered to be
statistically significant if P < 0.05, a priori.

Demographic, clinical and biochemical characteristics in elderly compared to non-elderly
patients with NAFLD

Among the 796 patients with biopsy-proven NAFLD who met the inclusion criteria for this

study, 61 patients who were aged = 65 years were classified into the elderly patients group,

and the remaining 735 patients who were aged between 18 and 65 years were classified into
the non-elderly patients group.

The detailed description of the cohort categorized into elderly versus non-elderly patients
with NAFLD has been shown in table 1. Compared to non-elderly patients, the elderly
patients group with NAFLD had more females and subjects were more likely to be
hypertensive. The elderly patients group had a lower mean BMI and smaller waist
circumference. Although the elderly patients group had a higher average AST and a lower
average ALT, this difference was not statistically significant. The elderly patients group had
a higher mean AST/ALT ratio, lower mean platelet count and higher mean APRI score, all
of which are suggestive of advanced liver disease.

Histologic characteristics in elderly compared to non-elderly patients with NAFLD

Table 2 presents the comparison of the detailed histological features in elderly and non-
elderly patients with NAFLD. Compared to non-elderly patients with NAFLD, the elderly
had a higher prevalence of NASH (56% versus 74%, p-value P=0.02) (figure 1), advanced
fibrosis (25% versus 44%, P=0.002) (figure 2) and azonal-distribution of steatosis (27%
versus 43%, P=0.01) (Table 2).

Furthermore, elderly patients had other features consistent with progressive liver disease
including a higher degree of lobular inflammation and a higher prevalence of acidophil
bodies, megamitochondria, Mallory-Denk bodies, as well as more prominent ballooning
(Table 2). As expected, elderly patients had a higher prevelence of lipogranulomas.

Histological comparison between elderly and non-elderly patients with definite NASH

In order to examine whether the advanced histologic features in elderly patients with
NAFLD were due to the increased prevalence of NASH or whether these features were seen
across the spectrum of NAFLD irrespective of presence or absence of NASH, we compared
the detailed liver histologic features between elderly versus non-elderly patients who had
biopsy-proven NASH. There were 44 patients with biopsy proven NASH in the elderly
patients group and 412 patients with biopsy-proven NASH in the non-elderly patients group
(Table 3). Compared to non-elderly patients with NASH, elderly patients with NASH had
higher rates of advanced fibrosis (35% versus 52%, P=0.03), as well as other features
suggestive of severe liver disease including ballooning degeneration, acidophil bodies,
megamitochondria, and Mallory-Denk bodies (P<0.05 for each) (Table 3). In contrast,
compared to non-elderly patients with NASH, elderly patients had lesser degrees of steatosis
(67% versus 48% >33% steatosis, P=0.01).
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Characteristics of elderly patients with definite NASH

We then investigated the characteristics of presence of NASH in elderly patients by
comparing how it differs from those without NASH in this age group (supplementary table
1). Elderly patients with NASH had significantly higher average values for AST (70 + 48 vs.
38+ 12 U/L; P <0.001), ALT (75 = 49 vs. 49 + 21 U/L; P=0.006) and GGT (88 + 82 vs. 49
+ 44 U/L; P=0.02). In addition, the average platelet count was lower (204 £ 59 vs. 254 + 71
x1000/mm3; P=0.02) (supplementary table 1). The mean APRI score was significantly
higher in elderly patients with NASH compared to elderly patients without NASH (0.8 + 0.7
vs. 0.4 £ 0.3; P <0.001). There was no significant difference in steatosis and degree of
lobular inflammation between those with and without NASH. However, as would be
expected, NASH patients were more likely to have ballooning degeneration. In addition,
Mallory-Denk bodies were present in 72% of NASH patients, while these were absent in
those who did not have NASH (P <0.001) (supplementary table 1). The NAFLD activity
score as indicated by the percentage of patients with NAS = 5 was higher in elderly patients
with NASH compared to elderly patients without NASH (70% vs. 18%; P <0.001). Elderly
patients with NASH were more likely to have advanced fibrosis compared to elderly patients
who did not have NASH (52% vs. 24%, P = 0.05) (supplementary table 1).

Independent predictors of NASH among elderly patients determined from multivariable-
adjusted logistic regression analyses were: younger age among this cohort with age = 65
(OR=0.65, 95% CI: 0.46-0.91, P=0.01); higher AST value (OR=1.12, 95% ClI: 1.03-1.22,
P=0.007) and lower platelet count (OR=0.98, 95% CI: 0.96-1.00, P=0.02) (Table 4).

Characteristics of elderly patients with advanced fibrosis

Characteristics of elderly patients with advanced fibrosis compared to those with stage 0-2
fibrosis are shown in supplementary table 2. Patients with advanced fibrosis were more
likely to have metabolic syndrome, higher average BMI and increased fasting serum insulin,
HOMA-IR, INR, and AST/ALT ratio. In addition, patients with advanced fibrosis had lower
mean platelet count, total cholesterol, and LDL cholesterol levels. Patients with advanced
fibrosis had significantly less steatosis but more portal inflammation, ballooning, Mallory-
Denk bodies, and higher prevalence of NASH.

In multivariable-adjusted logistic regression analysis, the independent predictors of
advanced fibrosis included a higher AST level (OR=1.08, 95% ClI: 1.02-1.14, P=0.007), a
lower ALT value (OR=0.91,95% CI: 0.86-0.97, P=0.002), and increased odds of having a
low HDL cholesterol (OR=8.35, 95% CI: 1.50-46.50, P=0.02) (Table 4).

Discussion

This is a secondary analysis of prospectively collected clinical, biochemical and histologic
data of a large number (n = 796) of adult patients with biopsy-proven NAFLD that allowed
the detailed characterization of NAFLD in elderly versus non-elderly patients. The main
findings of this study are that elderly patients with NAFLD have significantly higher rates of
NASH and advanced fibrosis than non-elderly patients with NAFLD. Furthermore, among
those NAFLD patients who already have NASH on liver biopsy, elderly patients are more
likely to have advanced fibrosis as well as other features suggestive of severe liver disease
including presence of ballooning degeneration, acidophil bodies, and Mallory-Denk bodies
compared to non-elderly patients with NASH. These findings suggest that the severity of
liver histology is shifted to a more aggressive phenotype in elderly patients across the
spectrum of NAFLD including those with or without NASH. This is further supported by the
surprising finding that the prevalence of advanced fibrosis was 24% in elderly patients who
did not have evidence of NASH on biopsy, and the advanced fibrosis prevalence rate
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increased to 52% in elderly patients who had evidence of NASH on liver histology (p-value
<0.05). Further studies with larger sample size are needed to confirm this phenomenon of
presence of advanced fibrosis in non-NASH elderly patients with NAFLD.

A higher AST, a lower platelet count, and a lower (not higher) ALT and a low HDL
cholesterol are independent predictors of NASH and advanced fibrosis; these commonly
available factors can be utilized to aid clinical decision-making regarding when to consider a
liver biopsy in elderly patients with NAFLD. These data are in agreement with previously
published studies by the NASH-CRN and other cohorts but highlight that ALT may be
lower in elderly patients and low HDL was the most significant predictor of advanced
disease in elderly patients26:36. 40,

NAFLD is reported to be more prevalent in men than in women, and its prevalence may
increase with age 163739, Other studies have also suggested that the prevalence of NAFLD
may be influenced by menopause, and it may be more prevalent in women after

menopause 3%-41, Our results are consistent with previous studies that elderly patients with
NAFLD are more likely to be women. Frith et all’ have shown that fibrosis and cirrhosis are
higher in elderly patients with NAFLD. Using this well-characterized clinico-pathologic
cohort, we confirm their findings by demonstrating that elderly patients had laboratory
findings that are suggestive of more advanced liver disease including, higher AST/ALT
ratio, higher APRI score and lower platelet count#2: 43, Furthermore, we showed that elderly
patients have more definite NASH, advanced fibrosis and cirrhosis compared to non-elderly
patients. Given that this a cross-sectional study, one can argue that higher prevalence of
advanced liver disease found in elderly patients can be due to the fact that they have more
metabolic risk factors**. However; in our cohort; the elderly patients didn’t have more risk
factors such as diabetes or insulin resistance*2. Indeed elderly patients had lower BMI and
waist circumference.

The novelty of the study is the detailed histological description of NAFLD and NASH by a
panel of expert pathologists, and availability of paired clinical, demographic, and
biochemical dataset that allowed the comparison between elderly and non-elderly patients
with biopsy-proven NAFLD.

Our findings in the context of the previous studies may suggest that early in the natural
history of NAFLD, the steatosis starts in zone 3 and with progressive aging (as well as with
disease progression because they are collinear with each other), steatosis spreads to other
zones and the pattern of steatosis distribution becomes pan-acinar with more cellular injury,
and then perhaps due to progressive fibrosis and regeneration/remodelling, the pattern is
further modified, and steatosis distribution becomes azonal as patients develop more
advanced fibrosis. In addition steatosis paradoxically decreases in elderly patients despite
having more severe disease. Firth et al and Permutt et al have previously shown that
steatosis grade on histology and liver fat content estimated by MRI, respectively, are
significantly lower in patients with cirrhosis compared to those with less degree of
fibrosis10: 4546 One plausible explanation of this paradoxical reduction in steatosis may be
related to reduced ability of the stiffened fibrotic liver to store and accumulate fat in the
hepatocytes. The collagen deposition in the liver tissue replaces fat in the liver and restricts
further accumulation of fat in hepatocytes. Prospective studies are needed to confirm this
hypothesis. Moreover, the mechanisms underlying these alterations in steatosis distribution
by age need to be studied further.

Strengths and limitations

The strengths of the study include prospective design of the study, and availability of well-
characterized liver histology data. The study utilized the well-accepted and previously
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validated NASH-CRN Histologic Scoring System?: 47. Liver biopsy assessment was
performed by a panel of expert liver pathologists during central review by consensus of the
members of the pathology committee. This study included comparisons between elderly and
non-elderly patients with NAFLD as well as NASH. Although our cohort is large, the
number of elderly patients was relatively small but provided sufficient power to detect
clinically significant differences. This also illustrates the challenges in the recruitment and
enrollment of elderly patients in cohort studies especially with the requirement of liver
biopsy. It took several years for this large multicenter study to recruit patients with biopsy-
proven NAFLD. Age correlates with duration of disease and the association with more
advanced disease may not be attributable to age alone, but also to duration of disease.
However, it is not possible to control for duration of disease. Despite this limitation, it is
elderly patients that have higher rates of NASH and advanced fibrosis whether it is due to
aging or due to duration of disease. Longitudinal studies with serial liver biopsies will be
required to investigate the natural progression of the disease in younger and older adults and
to examine the evolution of fat distribution.

Conclusion

Elderly patients with NAFLD are more likely to have features of advanced fibrosis as well
as aggressive NASH. NAFLD cannot be considered a benign disease in elderly patients.
Elderly patients are at increased risk of NASH and advanced fibrosis but are
underrepresented in cohort studies. Advanced fibrosis can also occur in elderly patients with
NAFLD without specific histologic features of NASH. This observation may reflect the
previous observation that key features of NASH such as steatosis, ballooning and Mallory-
Denk bodies may be lost as the disease progresses towards cirrhosis. Thus liver biopsy
evaluation can be helpful in this age group to guide the implementation of treatment
recommendations such as weight reduction and increased physical activity. Due to the aging
of American society, further research is needed in NAFLD in elderly patients. It is important
to identify elderly NAFLD patients who are at risk of progressive liver disease, especially
because newer treatment modalities are emerging 48-2°, Furthermore, clinical trials should
be conducted to test the efficacy and safety of the available treatment modalities, such as
vitamin E, in this sub-population and every effort should be made to avoid excluding
patients older than 65 years in future trials and cohort studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic, anthropometric and clinical characteristics of patients with NAFLD enrolled in NASH CRN
studies by age group

Age group
Characteristics Non-elderly (18-64 years old) (N=735) Elderly (= 65 years old) (N=61) pt
Demographics & lifestyle:
Male, n (%) 295 (40%) 14 (23%) 0.01
Age (mean years + SD) 4711 68 =3 <0.001
White, n (%) 593 (84%) 46 (78%) 0.20
Hispanic, n (%) 98 (13%) 7 (12%) 0.84
Ever smoked regularly, n (%)* 263 (36%) 31 (51%) 0.03
Clinical
Hypertension, n (%) 337 (46%) 42 (69%) 0.001
Cardiovascular disease (CVD), n %)+ 33 (4%) 11 (18%) <0.001
Type 2 diabetes, n (%) 174 (24%) 15 (25%) 0.88
Metabolic syndrome, n (%) 451 (61%) 34 (56%) 0.41
Anthropometric (mean + SD)
Body mass index (kg/m2) 35+6 32+5 <0.001
Waist circumference (cm) 109 + 14 103 £ 12 <0.001
Hepatology panel§ (mean + SD)
AST (U/L) 54 + 36 61 +44 0.20
ALT (U/L) 76 +52 67 + 44 0.16
AST/ALT ratio 08+04 1.0+04 <0.001
Alkaline phosphatase (ALK) (U/L) 87 + 33 94 + 37 0.13
GGT (U/L) 70+ 78 77+75 0.53
Albumin (g/dL) 42404 42404 0.20
Bilirubin, total (mg/dL) 08+0.4 0.8+0.4 0.26
Bilirubin, direct (mg/dL) 01+0.1 02+0.2 0.03
International normalized ratio 1.0x0.2 1.0£01 0.18
Other laboratory studies8 (mean £SD)
Platelet count (1000/mm3) 245+ 71 218 + 66 0.004
Total cholesterol (mg/dL) 195 + 42 199+ 44 0.48
HDL cholesterol (mg/dL) 43+12 47+11 0.01
LDL cholesterol (mg/dL) 119+ 36 122 + 38 0.65
Triglycerides (mg/dL) 178 £+ 131 159+ 79 0.08
HbALc (%) 6.0+1.1 6.0+1.0 0.70
Fasting serum glucose (mg/dL) 103+ 34 107 + 27 0.31
Fasting serum insulin (IU/mL) 23+19 19+13 0.07
HOMA-IR (mg/dL x 1U/mL/405) 6.0+6.0 55+4.4 0.34
Ferritin (ng/mL) 235+ 264 326 + 454 0.13
APRI scoret 05+04 0.7+0.6 0.04
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*
Participants enrolled in the NASH CRN with a biopsy within 1 year of enroliment.
TP values (2-sided) determined from either a Fisher’s exact test for categorical variables or t-test for continuous variables

jtEver smoked regularly defined as smoking at least 1 cigarette per day for a year; 4 non-elderly patients were missing values.
Cardiovascular disease defined as ever diagnosed with cerebrovascular or coronary heart disease.

APRI defined as (AST/ULN)/platelets x 100

§Abbreviations: AST: aspartate aminotransferase, ALT: alanine aminotransferase, GGT: gamma glutamyl trans-peptidase, HDL: high density
lipoprotein, LDL: low density lipoprotein, HbAlc: hemoglobin Alc, HOMA-IR: the homeostasis model assessment of insulin resistance index
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Histological Feature”

Age Group

Non-elderly (N=735) No. (%) Elderly (N=61) No. (%)

pt

Steatosis:

Grade
0-1 (0%-33%)

2 (>33%-66%)
3 (>66%)

Location (predominant)
Zone 3 (central)
Zone 1(periportal)
Azonal
Panacinar

Microvesicular steatosis: present

Fibrosis:

Stage:
None (0)

Mild/moderate ( zone 3), portal/periportal (1A, 1B, 1C)

Zone 3 & periportal (2)
Bridging (3)
Cirrhosis (4)
Advanced fibrosis:
None (0), mild (1), moderate (2)
Bridging (3) or cirrhosis (4)
Inflammation:
Lobular inflammation (score) (no. foci per 200X field)
0 to <2 foci (0-1)
2 to 4 foci (2)
>4 foci (3)
Microgranulomas: present
Large lipogranulomas: present
Portal Inflammation (score)
None (0)
Mild (1)
More than mild (2)
Liver cell injury:
Ballooning (score):
None (0)
Few (1)
Many (2)
Acidophil bodies: many

309 (42.0%) 31 (50.8%)
252 (34.3%) 18 (29.5%)
174 (23.7%) 12 (19.7%)
307 (41.8%) 15 (24.6%)
11 (L5%) 0 (0.0%)
195 (26.6%) 26 (42.6%)
221 (30.1%) 20 (32.8%)
74 (10.1%) 9 (14.8%)
200 (27.4%) 5 (8.2%)
209 (28.3%) 13 (21.3%)
141 (19.3%) 16 (26.2%)
122 (16.7%) 19 (31.0%)
61 (8.3%) 8 (13.1%)
548 (75.0%) 34 (55.7%)

183 (25.0%) 27 (44.3%)

392 (53.3%) 22 (36.1%)
267 (36.3%) 26 (42.6%)

76 (10.3%) 13 (21.3%)
603 (82.0%) 52 (82.3%)
279 (38.0%) 33 (54.1%)
111 (15.1%) 5 (8.2%)
466 (63.4%) 39 (63.9%)
158 (21.5%) 17 (27.9%)
251 (34.2%) 15 (24.6%)
199 (27.1%) 9 (14.8%)
285 (38.8%) 37 (60.7%)
215 (29.3%) 26 (42.6%)
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Age Group
Histological Feature” Non-elderly (N=735) No. (%)  Elderly (N=61) No. (%) pt
Pigmented macrophages: many 644 (87.6%) 54 (88.5%) 1.00
Megamitochondria: many 106 (14.4%) 15 (24.6%) 0.04
Other findings

Mallory Denk bodies: many 194 (26.4%) 32 (52.5%) <0.001

Glycogenated nuclei: many 392 (53.3%) 29 (47.5%) 0.42

NAFLD Activity Score (NAS) 0.23
0-4 384 (52.2%) 27 (44.3%)

5-8 351 (47.8%) 34 (55.7%)
Mean + SD 4.38+1.67 4.82+1.69 0.05
Diagnostic classification:

Steatohepatitis (diagnosis): 0.12
Not steatohepatitis (0) 166 (22.6%) 10 (16.4%)
Possible/borderline:

Zone 3 pattern (1A) 148 (20.1%) 7 (11.5%)

Zone 1, periportal (1B) 9 (1.2%) 0 (0.0%)

Definite steatohepatitis (2) 412 (56.1%) 44 (72.1%)
Definite NASH (yes) 412 (56.1%) 44 (72.1%) 0.02

*

Determination of histological features from centrally reviewed biopsies using the NASH CRN Scoring System9

Page 19

TP values determined from Fisher’s exact test or Cuzick non-parametric test for trend across ordered categories, except for NAS, a t-test was used
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Histological features of patients with definite NASH comparing elderly to non-elderly patients

Table 3

Age Group
Histological Feature” Non-elderly (N=412) No. (%) Elderly (N=44) No. (%) pt
Steatosis:

Grade 0.01
0-1 (0%-33%) 136 (33.0%) 23 (52.3%)

2-3 (>33%) 276 (67.0%) 21 (47.7%)

Location (predominant) 0.07
Zone 3 (central) 152 (36.9%) 9 (20.5%)

Zone 1(periportal) 2 (0.5%) 0 (0.0%)
Azonal 119 (28.9%) 20 (45.5%)
Panacinar 139 (33.7%) 15 (34.1%)

Microvesicular steatosis 0.82
Not present 353 (85.7%) 37 (84.1%)

Present 59 (14.3%) 7 (15.9%)
Fibrosis:

Stage: 0.03
None (0) 32 (7.8%) 1(2.3%)
Mild/moderate ( zone 3), portal/periportal (1A, 1B, 1C) 133 (32.4%) 7 (15.9%)

Zone 3 & periportal (2) 101 (24.6%) 13 (29.6%)
Bridging (3) 107 (26.1%) 15 (34.1%)
Cirrhosis (4) 37 (9.0%) 8 (18.2%)

Advanced fibrosis: 0.03
None (0), mild (L), moderate (2) 266 (64.9%) 21 (47.7%)

Bridging (3) or cirrhosis (4) 144 (35.1%) 23 (52.3%)
Inflammation:

Lobular inflammation (score) (no. foci per 200X field) 0.08
0 to <2 foci (0-1) 162 (39.3%) 13 (29.6%)

2 to 4 foci (2) 183 (44.4%) 18 (40.9%)
>4 foci (3) 67 (16.3%) 13 (29.6%)

Microgranulomas: present 357 (86.7%) 40 (90.9%) 0.64

Large lipogranulomas: present 172 (41.8%) 29 (65.9%) 0.002

Portal Inflammation (score) 0.69
None (0) 43 (10.4%) 3 (6.8%)

Mild (1) 260 (63.1%) 27 (61.4%)
More than mild (2) 109 (26.5%) 14 (31.8%)
Liver cell injury:

Ballooning (score)¥: many (2) 216 (67.0%) 37 (84.1%) 0.03

Acidophil bodies: many 160 (38.8%) 25 (56.8%) 0.02

Pigmented macrophages: many 372 (90.3%) 41 (93.2%) 0.79

Megamitochondria: many 76 (18.5%) 14 (31.8%) 0.05
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Age Group
Histological Feature” Non-elderly (N=412) No. (%)  Elderly (N=44) No. (%) pt
Other findings:
Mallory Denk bodies: present 186 (45.2%) 32 (72.7%) < 0.001
Glycogenated nuclei: many 171 (41.5%) 23 (52.3%) 0.20
NAFLD Activity Score (NAS) 0.72
0-4 111 (26.9%) 13 (29.5%)
5-8 301 (73.1%) 31 (70.5%)
Mean + SD 536 +1.25 543 +1.37 0.73

*
Determination of histological features from centrally reviewed biopsies using the NASH CRN Scoring System9
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TP values determined from Fisher’s exact test or Cuzick non-parametric test for trend across ordered categories, except for NAS, a t-test was used

i:L non-elderly patient and 0 elderly patients had no ballooning
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Table 4
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Multivariable logistic regression analysis of demographic, clinical and histological characteristics in elderly
patients with NAFLD: Characteristics independently associated with definite NASH and advanced fibrosis

Unadjusted Adjusted*
Characteristics OR (95%CI) P OR (95%CIl) P
Definite NASH"
Demographics
Female (vs male) 1.62(0.45,5.80) 0.46  1.15(0.18, 7.50) 0.79
Age (years) 0.86(0.72,1.04) 0.11  0.65(0.46,0.91) 0.01
White (vs non-white) 0.69 (0.16,2.88) 0.61  0.30(0.04,2.27) 0.25
Hispanic (vs nonHispanic) 2.53(0.28,22.71) 041 n/s
Ever smoked regular (vs not) 0.89(0.29,2.73) 0.84 --
Clinical
Cardiovascular disease (yes vs no) 1.04(0.24,4.48) 0091 --
Type 2 diabetes (yes vs no) 1.75(0.43,7.19) 0.44 n/s
BMI (kg/m?) 1.04(0.93,1.18) 047 n/s
Laboratory markers
AST (U/L) 1.08 (1.02,1.13) 0.01 112 (1.03,1.22) 0.007
ALT (UL) 1.02 (1.00,1.05)  0.06 nis
GGT (UIL) 1.01 (1.00,1.03)  0.10 nls
Platelets (1000/mm3) 0.99 (0.98,1.00) 0.02  0.98(0.96, 1.00) 0.02
Hypertriglyceridemia (yes vs no) 1.09 (0.35,3.38) 0.89 n/s
Low HDL (yes vs no) 1.41(0.46,4.37) 0.55 n/s
High blood pressure (yes vs no) 0.60 (0.18,2.01) 0.41 n/s
HOMA-IR (mg/dL x 1U/mL/405) 1.03(0.89,1.18) 0.70 nis
Ferritin (ng/mL) 1.00 (1.00,1.00) 0.48 n/s
Advanced fibrosis (yes vs no) 3.56 (1.00, 12.64) 0.05 n/s
Advanced Fibrosis”
Demographics
Female (vs males) 1.08(0.32,3.59) 0.90  0.44(0.06, 2.79) 0.38
Age (years) 1.13(0.5,1.36) 0.17  1.34(0.97,1.87) 0.08
Ever smoked regular (vs not) 1.41(0.51,3.88) 0.51 n/s
White (vs non-white) 0.82(0.24,2.83) 0.76 2.92(0.40,21.19)  0.29
Clinical
Cardiovascular disease (yes vs not) 4.35(1.03,18.4) 0.05 n/s
Type 2 diabetes (yes vs no) 1.14 (0.35,3.66) 0.83 n/s
BMI (kg/m?) 1.18(1.03,135)  0.02 nls
Laboratory markers
AST (U/L) 1.00(0.99,1.01) 0.64  1.08(1.02,1.14)  0.007
ALT (U/L) 0.99 (0.98,1.00) 0.12 0.91 (0.86, 0.97) 0.002
GGT (UIL) 1.01(1.00,1.02) 0.04 nls
Platelets (1000/mm3) 0.98 (0.97,1.00) 0.01 n/s
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UnadjustedT Adjustedi
Characteristics OR (95%CI) P OR (95%Cl) P
Hypertriglyceridemia (yes vs no) 1.50 (0.54,4.18) 0.44 n/s
Low HDL (yes vs no) 3.21(1.08,959) 004 835(150,46.5)  0.02
HOMA-IR (mg/dL x 1U/mL/405) 1.15(1.00,1.32) 0.05 nis
High blood pressure (yes vs no) 2.54 (0.85,7.58) 0.10 n/s
Ferritin (ng/mL) 1.00 (1.00, 1.00) 0.58 n/s
Definite NASH (yes vs no) 3.56 (1.00,12.64) 0.05 10.37(1.22,87.94)  0.03

*

Total number=59; no. with definite NASH = 42, not definite NASH =17; no. with advanced fibrosis = 25, not advanced =34
TUnadjusted odds ratios and p-values determined from logistic regression of either definite NASH or advanced fibrosis on each characteristic.
1The adjusted model determined from backward stepwise regression of either definite NASH or advanced fibrosis on the candidate set forcing age,
gender and race into the model. If the characteristic was not in the final model, n/s was used to indicate to indicate this. Smoking and CVD were

excluded from the candidate set for definite NASH due to non-collinearity (noted with --); ethnicity was excluded from the candidate set for the
advanced fibrosis model due to no non-Hispanic males with fibrosis.
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