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Abstract

Nonalcoholic fatty liver disease (NAFLD) is the most common liver disorder in the U.S.;
however, few data are available about racial and ethnic variation. We investigated relationships
between ethnicity, NAFLD severity, metabolic derangements and socio-demographic
characteristics in a well-characterized cohort of adults with biopsy-proven NAFLD. Data were
analyzed from 1026 adults (=18 years) in the Nonalcoholic Steatohepatitis Clinical Research
Network (NASH CRN) from 2004-2008 for whom liver histology data were available within 6-
months of enrollment. Associations between ethnicity (Latino versus Non-Latino White) and
NAFLD severity (NASH versus Non-NASH histology; and mild versus advanced fibrosis) were
explored with multiple logistic regression analysis. We also investigated effect modification of
ethnicity on metabolic derangements for NAFLD severity. Within the NASH CRN, 77% (N=785)
were Non-Latino White and 12% (N=118) Latino. Sixty-one percent (N=668) had NASH
histology and 29% (N=291) had advanced fibrosis. Latinos with NASH were younger, performed
less physical activity and had higher carbohydrate intake compared to Non-Latino Whites with
NASH. Gender, diabetes, hypertension, hypertriglyceridemia, aspartate aminotransferase (AST),
platelets, and the homeostasis model assessment of insulin resistance (HOMA-IR) were
significantly associated with NASH. Age, gender, AST, alanine aminotransferase, alkaline
phosphatase, platelets, total cholesterol, hypertension and HOMA-IR, but not ethnicity, were
significantly associated with advanced fibrosis. The effect of HOMA-IR on risk of NASH was
modified by ethnicity: HOMA-IR was not a significant risk factor for NASH among Latinos
(Odds Ratio, OR=0.93 [95% Confidence Interval, Cl, 0.85-1.02]), but was significant among
Non-Latino Whites (OR 1.06, [95%CI 1.01-1.11]).

Conclusion—Metabolic risk factors and socio-demographic characteristics associated with
NASH differ by ethnicity. Additional insights into NASH pathogenesis may come from further
studies focused on understanding ethnic differences in this disease.
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Nonalcoholic fatty liver disease (NAFLD) is a metabolic disorder characterized by excessive
triglyceride accumulation in hepatocytes and is intimately associated with insulin resistance.
(1, 2) Although the epidemiology of NAFLD is best characterized in Caucasians, racial and
ethnic variation in NAFLD has been investigated in several studies in the U.S. population,
the results of which point to a non-uniform distribution of NAFLD, with the disorder being
most prevalent among Latino individuals and least prevalent among African Americans.(2—
8) The explanation for these differences remains unclear; however, it is not fully explained
by variations in the prevalence of the stereotypical metabolic risk factors that are associated
with NAFLD.(9) Therefore, further investigations of NAFLD in different racial and ethnic
groups may help develop our understanding of disease pathogenesis.(10) The aim of this
study was to characterize racial and ethnic variations occurring in the clinical, laboratory,
socio-demographic and histological features of NAFLD, with a primary focus on
comparisons between Latino versus Non-Latino White ethnicities with respect to NASH
histology and advanced fibrosis.

Patients and Methods

Participants

Outcomes

This investigation utilized clinical and histological data obtained from the NIH-funded
Nonalcoholic Steatohepatitis Clinical Research Network (NASH CRN), which is a
multicenter collaborative established to assess the natural history, pathogenesis and
treatment of NAFLD in the United States.(11-14) Between 2004 and 2008, the NASH CRN
enrolled adults and children with the full spectrum of biopsy-proven NAFLD histology into
an observational Database study. Additionally, non-diabetic, non-cirrhotic adults with
NASH histology were given the opportunity to enroll into an adult treatment trial of
Pioglitazone versus Vitamin E versus Placebo for the management of NASH (PIVENS
Trial, Clinical Trial Number NCT00063622).(14) All participating centers’ institutional
review boards, and a data and safety monitoring board approved all NASH CRN study
protocols. Studies were in compliance with Good Clinical Practice guidelines for human
research quality standards. Each participant enrolled in the NASH CRN provided written
informed consent.

The current investigation included adults enrolled either in the NAFLD Database or the
PIVENS trial between 2004 and 2008. The following criteria were used for inclusion in our
analyses (n=1026): (1) age >18 years; (2) liver histology data available within 6 months of
enrollment; (3) no clinically significant history of alcohol consumption (definition of
excessive alcohol use in the NASH CRN Database: >20 or >10 grams/day for men and
women, respectively; definition of excessive alcohol consumption in PIVENS: >30 or >20
grams/day for men and women, respectively); and (4) no evidence of other etiologies of
chronic liver disease.(13)

The primary outcome of interest in this study was NAFLD histological severity. Liver
biopsies were categorized as either NASH or Non-NASH NAFLD. We also modeled the
outcome of fibrosis, categorized as either mild (Stage 0-2) or advanced (Stage 3-4).

Individuals with NASH had liver biopsies (within 6-months of enrollment into a NASH
CRN study) demonstrating typical histological features of NASH, specifically: steatosis,
hepatocyte ballooning and lobular inflammation, +/—fibrosis; and that the NASH CRN
Pathology Committee read as being ‘definite’ or ‘borderline” NASH (see below). Also
included in the NASH group were individuals with NASH-induced cirrhosis.

Hepatology. Author manuscript; available in PMC 2013 March 1.
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Non-NASH histology refers to individuals with histological evidence of NAFLD, but who
did not meet histological criteria for NASH, as determined by the NASH CRN Pathology
Committee. Non-NASH histology would include, for example, liver biopsies demonstrating
steatosis alone, or steatosis with mild, nonspecific inflammation. The Non-NASH
histological outcome did not include individuals with cirrhosis. Individuals with NASH-
induced cirrhosis were included in the NASH outcome group.

All liver biopsies were stained with hematoxylin-eosin and Masson’s trichrome stains. A
diagnosis of NAFLD was defined as the presence of at least 5% steatosis and absence of
evidence for other etiologies of chronic liver disease (e.g., viral hepatitis, autoimmune
hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis, iron overload, Wilson
disease, etc.).

The NASH CRN Pathology Committee has previously developed and validated a
histological scoring system for grading and staging in NAFLD. The Nonalcoholic Fatty
Liver Disease Activity Score (NAS) is based upon the assessment of the following
microscopic features: steatosis, hepatocyte ballooning, and lobular inflammation, and the
fibrosis scoring system is based on localization of pathologic collagen deposition. This
scoring system was uniformly applied to all liver biopsies in this investigation.(15) Liver
biopsy slides from study participants were read centrally by the Pathology Committee,
during which biopsies were rigorously evaluated in a blinded fashion according to the
published scoring system. As NASH histology cannot be diagnosed based solely upon the
numerical value of the NAS alone, the ultimate diagnostic determinations for each biopsy
were assigned by consensus of the Pathology Committee, as follows: (i) definite
steatohepatitis, (ii) definitely not steatohepatitis, (iii) borderline steatohepatitis (zone 3
pattern), and (iv) borderline steatohepatitis (zone 1 pattern).

Fibrosis on liver biopsy was staged from 0 to 4, with O=none; 1a=mild zone 3 (central)
perisinusoidal fibrosis; 1b=moderate zone 3 perisinusoidal fibrosis; 1c=periportal and portal
fibrosis (zone 1 only); 2= both perisinusoidal and periportal or portal fibrosis; 3= bridging
fibrosis; and 4= cirrhosis.

Demographics—Demographic information collected at the time of enroliment included
age, gender, self-reported racial and ethnic affiliation (categorized in this study as, Non-
Latino White, Latino, Non-Latino Black, Asian, ‘Other”), education level (dichotomized as
< or > high school [HS]), and annual income (dichotomized as < or > $50,000).

Anthropometrics—Height, weight and waist circumference (WC) were measured at the
time of enrollment with participants standing wearing light clothing. Body mass index
(BMI) was calculated as weight (kg) divided by the height (meters) squared.

Laboratory Data—Laboratory data were collected at the time of enrollment and included
measurements of aspartate and alanine aminotransferases (AST and ALT, respectively),
gamma glutamy!l transferase (GGT), serum albumin, total bilirubin, alkaline phosphatase,
platelet count, lipid profile (including: total cholesterol, low density lipoprotein [LDL], high
density lipoprotein [HDL] and triglycerides), fasting insulin and fasting glucose levels. The
homeostatic model for insulin resistance (HOMA-IR) was calculated from fasting glucose
and insulin levels, using the following equation: (Fasting Insulin [microU/L])*(Fasting
Glucose [mg/dL])/ 22.5. HOMA-IR was not calculated for individuals taking insulin.

Clinical Data—Information regarding co-morbidities, including: diabetes mellitus,
hypertension, and metabolic syndrome were also included. Diabetes mellitus was defined in
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individuals with fasting blood glucose > 126 mg/dL, or on drug treatment for diabetes.
Hypertension was defined as systolic blood pressure (SBP) = 140 mmHg or diastolic blood
pressure (DBP) > 90 mmHg. Metabolic syndrome was defined according to the National
Cholesterol Education Program Adult Treatment Panel 111 criteria, which require at least
three of the following: (i) WC > 102 cm and 88 cm, for men and women, respectively; (ii)
fasting triglycerides > 150 mg/dL, or on drug treatment for hypertriglyceridemia; (iii) HDL
cholesterol < 40 mg/dL or < 50 mg/dL for men and women, respectively, or on drug
treatment for dyslipidemia; (iv) blood pressure > 130/85 mmHg, or on drug treatment for
hypertension; and (v) fasting blood glucose > 110 mg/dL, or on drug treatment for diabetes
mellitus. Medication usage was recorded in detail at the time of enrollment of each
participant into a NASH CRN study. Physical exam findings including vital signs,
acanthosis nigricans and palmar erythema were recorded. Data were also collected regarding
self-reporting of family history of NAFLD.

Dietary and Physical Activity Data—Dietary information was obtained using a
validated dietary questionnaire (Block Food Questionnaire, version 1998) based upon self-
reported typical eating habits over the past year. Estimates of total calories consumed and
proportion of carbohydrate and fat intake were generated using the method previously
published by Block et al.(16) At the time of enrollment, NASH CRN study participants also
completed a questionnaire, which was derived from the National Health and Nutrition
Examination Survey, on self-reported leisure-time physical activity.(17) In the
questionnaire, participants reported the amount of time spent per week performing specific
leisure-time activities including: brisk walking, jogging, running, hiking/climbing, biking on
hills, biking on flat surfaces, swimming, using a treadmill or step machine, dancing,
aerobics, calisthenics, weight lifting, golfing, playing singles or doubles tennis, basketball,
football and soccer. Participants were also given the opportunity to enter free text responses
for their activities.(18) Using a standard reference for metabolic equivalent (MET)
intensities for specific activities and the reported duration of each activity, a score for each
individual’s total physical activity expressed as metabolic hours per week (MET hrs/week)
was generated.(19)

Data Analysis

Continuous data are reported as mean or median values with associated standard deviations
(SD) or interquartile ranges [IQR], respectively. We present 95% Confidence Intervals [CI]
for mean and median values, as well. Student’s t-test or non-parametric tests were utilized to
compare continuous variables, as appropriate. Categorical data are reported as proportions
and comparisons were made using either Fisher’s exact test or Chi-square test, as
appropriate.

The descriptive clinical data were initially examined with respect to five racial and ethnic
categories (Non-Latino White, Non-Latino Black, Latino, Asian, and ‘Other”) and these data
are primarily displayed in Tables 1-3. Smaller sample sizes in the Non-Latino Black, Asian
and ‘Other’ racial and ethnic categories precluded more detailed analyses.

Detailed analyses and statistical assessments of risk factors associated with NASH histology
and advanced fibrosis were conducted in participants who self-identified as either Non-
Latino White or Latino. As there was only one individual who self-identified as Latino
Black, this person was omitted from the analyses due to the likelihood that Latino Black
individuals may be culturally and genetically different from the other Latino individuals
included in the NASH CRN studies. Associations between clinical characteristics and
NAFLD histology (NASH versus Non-NASH histology; and mild versus advanced fibrosis)
among Non-Latino Whites and Latino individuals were investigated using univariate and
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multivariate logistic regression models. Forward and backward stepwise logistic regression
analysis was used to identify significant predictors from among the following candidate
predictors at enrollment: AST, ALT, total bilirubin, platelet count, triglycerides, total
cholesterol, HDL cholesterol, LDL cholesterol, GGT, albumin, alkaline phosphatase,
hyperlipidemia, metabolic syndrome, family history of NAFLD, acanthosis nigricans,
palmar erythema, education level, income, total caloric intake, percent of calories from fat,
percent of calories from carbohydrate, and physical activity. The p-value for addition or
elimination from the models was P<0.05 and the models were forced to include terms for
age, gender, and ethnicity. We also explored potential effect modification between ethnicity
(Latino versus Non-Latino White) and other covariates on the risk of NASH and advanced
fibrosis.

For all analyses, SAS 9.1 (SAS Institute ®, Inc., Cary, NC) was utilized. We considered
differences statistically significant when p-values were < 0.05. Statistical interactions were
considered statistically significant when p-values were <0.001. Nominal two-sided p-values
were used.

Characteristics of the Study Population

Overall Population—There were 1026 adults with liver biopsy histology obtained within
6-months of enrollment, including 77 individuals with NASH-induced cirrhosis. Of the 1026
adults included in this study, 37% (N=377) were men, mean (£SD) age was 48.8 (£12.0)
years, mean BMI 34.2 (+ 6.3) kg/m?2, and mean waist circumference 108 (+ 14) cm. The
median (IQR) AST was 43 (30-63) and ALT 58 (38-90) IU/L. Among the participants, 77%
(N=785) were Non-Latino White; 12% (N=118) Latino; 3% (N=27) Non-Latino Black; 5%
(N=54) Asian; and 4% (N=42) ‘Other’ race/ethnicity. Compared with the general U.S. adult
population, the NASH CRN had an under-representation of Blacks (12% versus 3%) and an
adequate representation of Latinos (14% versus 12%).(20) Within the study cohort, 67%
(N=732) had hypertension, 32% (N=355) diabetes mellitus, 81% (N=884)
hypercholesterolemia, and 73% (N=804) met criteria for the metabolic syndrome.

Of the 1026 participants with biopsy-proven NAFLD, 61% (N=628) had NASH histology,
which included the 77 individuals who had NASH-induced cirrhosis. The remaining 398
individuals (39%) had non-NASH histology (i.e., meeting histological criteria for a
diagnosis of NAFLD, but not meeting histological criteria for a diagnosis of NASH or
NASH-induced cirrhosis). The frequency of NASH among the different racial and ethnic
groups was: 62% for Non-Latino Whites, 63% for Latinos, 52% for Non-Latino Blacks,
52% for Asians and 69% for ‘Other’. With respect to the frequency of fibrosis in the cohort,
29% (N=291) had advanced fibrosis (>Stage 2) with the following racial and ethnic
distributions: 30% Non-Latino White; 23% Latino; 30% Non-Latino Black; 28% Asian and
38% “Other’.

Participants with NASH Histology—The characteristics of Non-Latino Whites,
Latinos, Non-Latino Blacks, Asians and ‘Other’ self-identified racial/ethnic groups with
NASH histology are shown in Table 1. Among individuals with NASH histology, Latinos
were significantly younger compared to Non-Latino Whites (44.2 years [95% CI 41.2-47.1]
versus 50.9 years [95% CI 49.9-51.9], p<0.0001). The frequency of hypertension was much
lower among Latinos compared with Non-Latino Whites (47% versus 76%, p<0.0001),
although in the overall population, there was no statistically significant difference in the
frequency of diabetes mellitus, hyperlipidemia, metabolic syndrome or in the values of
fasting glucose, fasting insulin and HOMA-IR between the two groups. On physical
examination, acanthosis nigricans was at least six-times more common in Latinos compared
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with Non-Latino Whites (38% versus 6%, respectively, p<0.0001). Although awareness of a
family history of NAFLD was relatively uncommon, Latinos were more than twice as likely
to report a positive family history compared to Non-Latino Whites (15% versus 6%,
respectively, p=0.01). With respect to socio-cultural factors, there was a statistically
significant difference between Latinos and Non-Latino Whites with NASH histology in
terms of income, dietary composition and physical activity levels. Specifically, Latinos,
when compared to Non-Latino Whites, reported lower annual income (57% versus 41% with
annual income > $50,000, respectively, p=0.01), consumed a greater percentage of total
calories from carbohydrates (49.7% versus 47.6%, p=0.008), and engaged in less physical
activity per week (median met hrs/week [95% CI] = 16.0 [12.0-21.0] and 25.0 [23.0-30.0],
respectively, p=0.0006). There was no statistical difference in education levels between the
two groups.

Participants with Non-NASH Histology—The characteristics of Non-Latino Whites,
Latinos, Non-Latino Blacks, Asians and ‘Other’ self-identified racial/ethnic groups with
Non-NASH histology are shown in Table 2. Among participants with Non-NASH histology,
Latinos were again younger than Non-Latino Whites (38.0 years [95% CI 34.0-42.0] versus
48.5 years [95% CI 47.1-49.6]; p<0.0001) and were less likely to have hypertension (34%
versus 59%, p=0.003) or hyperlipidemia (66% versus 80%, p=0.05). There was no
significant difference in the frequency of diabetes mellitus or the metabolic syndrome
between the two groups, although there was a trend towards diabetes and the metabolic
syndrome being less frequent among Latinos (7% versus 15%, p=0.08; and 55% versus
70%, p=0.06, respectively). However, Latinos had a statistically significantly higher
HOMA-IR (median [95% CI]=5.0 [3.7-6.9] versus 3.2 [2.9-3.5], p=0.0002) and higher
fasting insulin level (median [95% CI1]=20.0 [16.6-30.8] versus 14.0 [13.0-15.4],
p<0.0001), compared with Non-Latino Whites. Similar to the trend observed in the NASH
histology group, in the Non-NASH histology group, we found that Latinos reported lower
annual income (45% versus 68% with annual income > $50,000, p=0.004) compared to
Non-Latino Whites, but there was no statistically significant difference between the two
groups in terms of dietary composition or weekly physical activity levels. The percentage of
Latinos completing at least a high school education was significantly lower compared with
Non-Latino Whites (52% versus 76%, p=0.002).

NAFLD Histology and Ethnicity (Latino versus Non-Latino White)

Histo-Pathological Features of NAFLD—A comparison of the histological features of
NAFLD among the different racial and ethnic groups is shown in Table 3. There were
significant differences between Latino and Non-Latino White participants, with advanced
fibrosis (defined as Stage 3—4 fibrosis) being less frequent (23% versus 30%, p-value 0.004)
and pronounced lobular inflammation (= grade 2) being more frequent (61% versus 48%, p-
value 0.008) among Latinos compared to Non-Latino Whites. However, there was no
statistically significant difference in hepatocyte ballooning or proportion of individuals with
NAS > 4 between the two ethnic groups.

Predictors of NASH—We investigated associations between NASH and clinical,
laboratory and socio-demographic factors among Non-Latino Whites and Latinos using
univariate and multivariate logistic regression analyses. There were 785 Non-Latino White
participants and 118 Latino participants included in the logistic regression analyses (total
N=903).

Univariate L ogistic Regression: Univariate logistic regression results are shown in Table 4
and demonstrate that the following risk factors were significantly associated with NASH:
age, female gender, lower education level, lower annual income, hypertension,
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hyperlipidemia, diabetes mellitus, metabolic syndrome, AST, ALT, GGT, total bilirubin,
alkaline phosphatase, platelet count, triglyceride level and HOMA-IR.

Effect Modification of Ethnicity: Effect modification of ethnicity on patient characteristics
for NAFLD histological severity was also investigated (Table 4). For the interaction terms in
the statistical models, we considered p-values < 0.001 to be statistically significant. We
found a significant interaction between HOMA-IR and ethnicity (p<0.001) and, because of
this interaction, we examined the effect of HOMA-IR on NASH separately for Latinos and
non-Latino Whites, while adjusting for the variables selected from the stepwise logistic
regression model (see below). The interaction between HOMA-IR and ethnicity remained
statistically significant when diabetic participants were excluded from the analyses (data not
shown).

Multivariate Logistic Regression: The results from the multivariate logistic regression
analysis are show in Table 5. Factors that were positively associated with NASH included:
female gender (p=0.001), AST (<0.0001), diabetes mellitus (p=0.01), hypertension (p=0.02)
and triglyceride level (p=0.02). Platelet count (p=0.006) was negatively associated with
NASH histology. As demonstrated in Figure 1, we also found significant effect modification
between ethnicity and HOMA-IR, with HOMA-IR being a significant risk factor for NASH
among Non-Latino Whites (OR 1.06 [95% CI 1.01-1.1]), but not among Latinos (OR 0.93
[95% CI 0.85-1.02]).

Predictors of Advanced Fibrosis—We also investigated associations between
advanced fibrosis and clinical, laboratory and socio-demographic factors among Non-Latino
Whites and Latinos using univariate and multivariate logistic regression analyses. Analyses
included 893 participants.

Univariate L ogistic Regression: Univariate logistic regression demonstrated that the
following risk factors were significantly associated with advanced fibrosis: ethnicity, age,
gender, education level, income, hypertension, diabetes, metabolic syndrome, BMI, WC,
SBP, DBP, AST, ALT, GGT, alkaline phosphatase, alboumin, platelets, LDL, HOMA-IR and
palmar erythema. We found no significant evidence for effect modification of ethnicity on
patient characteristics with respect to advanced fibrosis.

Multivariate Logistic Regression: The results from the multivariate logistic regression
analysis are shown in Table 6. Factors that were positively associated with advanced fibrosis
included: age (p=0.01), female gender (p=0.03), AST (p=0.001), alkaline phosphatase
(p=0.002), hypertension (p=0.0005) and HOMA-IR (<0.0001). Platelet count (p<0.0001),
ALT (p=0.004) and total cholesterol (p=0.004) were significantly inversely associated with
risk for advanced fibrosis.

Discussion

The large NASH CRN cohort of patients with well-characterized, biopsy-proven disease
allowed for a detailed analysis of the associations of ethnicity and race with clinical and
histological features of NAFLD. We found that, among individuals with NASH histology,
Latinos were younger, consumed more carbohydrate calories and engaged in less physical
activity, compared to Non-Latino Whites. Additionally, Latinos with NASH had lower
income and lower prevalence of hypertension compared to Non-Latino Whites, which may
be a reflection of similar ethnic trends in the general U.S. adult population with respect to
these two characteristics.(21, 22) With respect to specific histological features seen on liver
biopsy between Latinos and Non-Latino Whites with NAFLD, Latinos had significantly
greater inflammation, but significantly less advanced fibrosis. Although it is conceivable
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that Latino individuals may have less risk for fibrosis as an ethnic group, it is likely that the
lower frequency of advanced fibrosis may be explained, at least in part, by the overall
younger age of the Latino population in this study. A notable finding of this study is the
differential effect of HOMA-IR on risk of NASH (versus Non-NASH histology), such that
HOMA-IR conferred an increased risk of NASH in Non-Latino Whites, but not in Latinos.
We did not find differential effect of HOMA-IR on the risk of advanced fibrosis.

Several studies have described racial and ethnic variations in NAFLD, primarily with
respect to differences in frequency of the disorder, with consistent reporting of increased
frequency in Latino populations and decreased frequency among African Americans.(3, 4, 7,
8, 23) Although the NASH CRN was not designed to be a population-based study, within
our group of study participants with NAFLD we found an increased frequency of NASH
histology among Latinos (63%) compared to Non-Latino Blacks (52%), which is in keeping
with previously published trends.

Although many studies of racial and ethnic variation in NAFLD have focused primarily on
the prevalence (or frequency) of the disorder, a few studies have delved further into
metabolic associations of NAFLD in different racial and ethnic groups. A recently published
study by Lomonaco et al. compared Hispanic and Caucasian individuals with biopsy-proven
NASH with respect to several metabolic features, including measures of adipose and hepatic
insulin resistance. The investigators found no significant difference between Hispanic and
Caucasian individuals with respect to NASH severity, but their data suggested that in
Hispanic diabetic patients there may be a trend towards increased risk for fibrosis
progression, warranting further investigation.(24) In two separate investigations from the
population-based Dallas Heart Study, Browning et al. and Guerrero et al., investigated the
well-described dissociation between NAFLD and stereotypical metabolic risk factors, such
as insulin resistance and obesity, among different racial and ethnic groups.(3, 9) Using
magnetic resonance spectroscopy (MRS) to detect hepatic steatosis in a multi-ethnic
population-based sample, Browning et al. reported the highest prevalence of hepatic
steatosis among Latinos (45%) and lowest prevalence of steatosis among African Americans
(24%), with Whites having an intermediate prevalence of 33%. They also speculated that the
increased prevalence of hepatic steatosis among Latinos might be attributable to the high
prevalence of obesity and insulin resistance in this ethnic group. However, similar rationale
did not apply to the African American population, given that the prevalence of obesity and
insulin resistance are actually highest in this segment of the U.S. population.(25) The
authors reasonably speculated that the racial and ethnic differences they described in the
prevalence of hepatic steatosis were likely a reflection of differences in metabolic responses
to obesity and insulin resistance occurring among racial and ethnic groups. Further data
supporting the hypothesis that there may be differences in metabolic responses related to
NAFLD in different racial and ethnic groups was provided by Guerrero et al. in another
investigation from the Dallas Heart Study. They demonstrated that, although intraperitoneal
adipose content was linked to the degree of hepatic steatosis regardless of race or ethnicity,
there was a difference in the metabolic response in African Americans to the presence of
obesity and insulin resistance, such that African Americans appeared to be more resistant to
the development of hepatic steatosis and abdominal adiposity, despite having insulin
resistance and obesity.(9) Similar to the dissociations between metabolic risk factors and
NAFLD that were described in African Americans in the Dallas Heart Study using MRS
assessment of hepatic steatosis, we report a differential association between HOMA-IR and
the risk of NASH histology among Latinos and Non-Latino Whites, with HOMA-IR being a
significant risk factor for NASH among Non-Latino Whites, but not among Latinos. This
differential effect of HOMA-IR is intriguing and warrants confirmation in larger studies and
further investigation.

Hepatology. Author manuscript; available in PMC 2013 March 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bambha et al.

Page 9

Our data suggest that pathogenic differences may exist between Latinos and Non-Latino
Whites with respect to the development of NASH. Indeed, this hypothesis is supported by
recent data demonstrating a significant association between hepatic steatosis detected with
MRS and the PNPLA3 polymorphism (rs738409), an association that was most pronounced
among Latinos in the study.(10) The authors found that individuals who were heterozygous
for the PNPLA3 polymorphism had higher hepatic triglyceride levels compared to
individuals with the wild-type, and that individuals who possessed two copies of the variant
allele had a multiplicative effect with respect to hepatic triglycerides. Additional
investigations of PNPLAS3 suggest that it may play a role, in association with other stressors,
in hepatic inflammation and cirrhosis.(26-29)

The limitations of our study should also be acknowledged. As the NASH CRN was not
designed to be a population-based study, we cannot draw strong conclusions regarding the
frequency of NAFLD histological sub-types (i.e., NASH versus Non-NASH) with respect to
race and ethnicity. The participant population consists of consenting individuals with a
potential self-selection that is inherent to many large-scale, prospectively enrolled studies.
Additionally, it should be noted that the NASH CRN also included a clinical trial (PIVENS),
which specifically selected for patients with NASH histology.(14) Despite this, the
demographics of our participant population and frequency of metabolic risk factors within
the population were entirely consistent with the characteristics of patient populations that
have been described in other studies of NAFLD. Additionally, the current study was
designed to assess risk factors for NASH histology compared to Non-NASH histology rather
than compared to normal liver histology, as the NASH CRN does not currently include a
population of individuals without NAFLD. Finally, although the NASH CRN is the largest
cohort of NAFLD patients that has been assembled to date with rigorous collection of
extensive clinical, laboratory and histological data, we were limited in our ability to reliably
assess risk factors for histological severity among other racial groups due to small numbers
of individuals self-reporting as African American and Asian.

In summary, the findings of the present study demonstrate differences in metabolic and
socio-demographic factors associated with NASH histology between Latino and Non-Latino
White adults. HOMA-IR, as a marker of insulin resistance, was not a significant risk factor
for NASH among Latinos, but was a significant risk factor among Non-Latino Whites.
These findings suggest that there may be pathophysiological variation between the two
ethnic groups with respect to the development of NASH and additional investigations are
warranted to define this further.
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Univariate Analyses: Factors Associated with NASH among Latino and Non-Latino Whites testing for effect

modification with Ethnicity

Patient Characteristic

(N=903) OR (95% CI)

Univariate Regression p-value

p-value for Effect Modification of
Ethnicity on Patient

Characteristic

Demographics

Ethnicity (Latino vs. non-Latino White)

Age (years)
Gender (female vs. male)

Education level (>HS vs. <HS)

Income (=$50,000 vs. <$50,000)

Family history of NAFLD
Comorbidities

Hypertension

Hyperlipidemia

Diabetes mellitus

Anthropometrics, diet and physical activity

BMI (kg/m?)

Waist (cm)

Total caloric intake (x1073)
% Calories from total fat

% Calories from carbohydrates

Physical activity (met hours/week)

Clinical data
Systolic BP (mmHg)
Diastolic BP (mmHg)
Acanthosis nigricans
Palmar Erythema
Laboratory measurements
ALT (per 5 U/L)
AST (per 5 U/L)
GGT (per 10 U/L)
Albumin (g/L)
Total bilirubin (mg/dL)

Alkaline phosphatase (per 10 U/L)

Platelets (per 1,0000 cells/pL)
Total cholesterol (per 10 mg/dL)
Triglycerides (per 10 mg/dL)
HDL (per 10 mg/dL)

LDL (per 10 mg/dL)

HOMA-IR

Metabolic syndrome

1.05 (0.71-1.57)
1.02 (1.01-1.03)
1.71 (1.30-2.26)
0.74 (0.55-1.00)
0.64 (0.49-0.85)
0.88 (0.53-1.46)

2.02 (1.52-2.68)
1.40 (1.00-1.97)
2.80 (2.01-3.90)

1.01 (0.99-1.03)
1.01 (1.00-1.02)
0.87 (0.75-1.01)
0.99 (0.98-1.01)
1.01 (1.00-1.03)

1.000 (0.997-1.003)

1.01 (1.00-1.02)
0.99 (0.98-1.01)
0.94 (0.61-1.47)
1.18 (0.75-1.87)

1.02 (1.01-1.04)
1.10 (1.07-1.13)
1.03 (1.01-1.05)
0.82 (0.60-1.12)
0.71 (0.52-0.97)
1.08 (1.03-1.12)
0.96 (0.95-0.98)
1.00 (0.97-1.03)
1.02 (1.01-1.03)
0.91 (0.82-1.02)
0.98 (0.94-1.02)
1.08 (1.04-1.12)
1.61 (1.19-2.18)

0.81
<0.001
<0.001

0.05

<0.01

0.62

<0.0001
0.05
<0.0001

0.32
0.34
0.06
0.51
0.14
0.94

0.12
0.32
0.80
0.48

<0.01
<0.0001
0.01
0.22
0.03
<0.0001
<0.0001
0.94
<0.01
0.10
0.24
0.0001
<0.01

0.29
0.26
0.09
0.50
0.90

0.61
0.25
0.35

0.88
0.35
0.68
0.87
0.77
0.85

0.78
0.16
0.16
0.71

0.95
0.88
0.37
0.44
0.60
0.18
0.22
0.04
0.42
0.07
0.21
<0.001
0.72
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ip-value shown is for the interaction term from the regression model with the following terms: Predictor (X), Ethnicity and Ethnicity*Predictor
(X). For the interaction terms, we considered p-values < 0.001 to be statistically significant.
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Table 5

Factors Associated with NASH from Multivariate Logistic Regression Analysis”

Patient Characteristic OR (95% CI)

p

Ethnicity (Latino vs. non-Latino White)  1.43 (0.88-2.33)

Age (years) 1.01 (1.00-1.03)
Gender (female vs. male) 1.80 (1.28-2.55)
AST (per 5 U/L) 1.10 (1.07-1.14)
Platelet count (per 10,000 cells/uL) 0.97 (0.94-0.99)
Triglyceride level (per 10 mg/dL) 1.03 (1.01-1.05)
Hypertension 1.51 (1.06-2.15)
Diabetes mellitus 1.73 (1.14-2.64)
HOMA-IR 1.05 (1.01-1.10)

0.15
0.13
0.001
<0.0001
0.006
0.02
0.02
0.01
0.03

*

Stepwise logistic regression model included the following candidate baseline predictors: AST, ALT, total bilirubin, platelet count, triglycerides,
total cholesterol, HDL cholesterol, LDL cholesterol, GGT, albumin, alkaline phosphatase, hyperlipidemia, metabolic syndrome, family history of
NAFLD, acanthosis nigricans, palmar erythema, education level, income, total caloric intake, percent of calories from fat, percent of calories from
carbohydrate, and physical activity. The model was forced to include terms for age, gender, and ethnicity.
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Table 6

Factors Associated with Advanced Fibrosis from Multivariate Logistic Regression Analysis (N=816)"

Patient Characteristic OR (95% CI) p

Ethnicity (Latino vs. non-Latino White)  0.78 (0.42-1.45) 0.43

Age (years) 1.02 (1.01-1.04) 0.01
Gender (female vs. male) 1.59 (1.04-2.41) 0.03
AST (per 5 U/L) 1.07 (1.03-1.12)  0.001
ALT (per 5 U/L) 0.95(0.92-0.99)  0.004
Platelet count (per 10,000 cells/uL) 0.91 (0.88-0.94)  <0.0001
Hypertension 2.20 (1.41-3.42)  0.0005
HOMA-IR 1.08 (1.04-1.12)  <0.0001
Alkaline phosphatase (per 10 U/L) 1.09 (1.03-1.15) 0.002
Total Cholesterol (per 10 mg/dL) 0.94 (0.89-0.98) 0.004

*

Stepwise logistic regression model included the following candidate baseline predictors: AST, ALT, total bilirubin, platelet count, triglycerides,
total cholesterol, HDL cholesterol, LDL cholesterol, GGT, albumin, alkaline phosphatase, hyperlipidemia, metabolic syndrome, family history of
NAFLD, acanthosis nigricans, palmar erythema, education level, income, total caloric intake, percent of calories from fat, percent of calories from
carbohydrate, and physical activity. The model was forced to include terms for age, gender, and ethnicity.
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