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Non-alcoholic fatty liver disease (NAFLD) is associated with obesity and insulin resistance.
The condition disproportionately affects Hispanic Americans. The aims of this study were to
examine the risk factors for and heritability of NAFLD in 795 Hispanic American and 347
African American adults participating in the IRAS Family Study. Computed tomography scans
of the abdomen were evaluated centrally for measures of liver-spleen (LS) density ratio and
abdominal fat distribution. Other measures included insulin sensitivity (S;) calculated from a
frequently sampled intravenous glucose tolerance test and various laboratory measures.
Statistical models which adjust for familial relationships were estimated separately for the two
ethnic groups. Heritability was calculated using a variance components approach. The mean
age of the cohort was 49 years (range 22—-84); 66% were female. NAFLD (LS ratio < 1) was
more common in Hispanic Americans (24%) than African Americans (10%). NAFLD was
independently associated with S, and visceral adipose tissue area in both ethnic groups although
the proportion of explained variance was considerably higher in the Hispanic models.
Adiponectin contributed significantly in the African American models while triglycerides and
PAI-1 contributed only in the Hispanic models. Liver density was modestly heritable in both
ethnic groups (h? ~ 0.35). In summary, the prevalence of NAFLD was twofold greater in
Hispanic than African Americans. Certain correlates of NAFLD were similar between the
ethnic groups, while others were distinct. NAFLD was modestly heritable. These findings
suggest that NAFLD may have a differing environmental and/or genetic basis in these ethnic
groups.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is closely associated with obesity, type 2 diabetes
(T2DM), and the metabolic syndrome (1-3), conditions which are increasing in prevalence in
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the United States (4-6). The condition is more common in Hispanic Americans than either
African Americans or Caucasians (7,8), possibly due to the high prevalence of the associated
metabolic abnormalities in the former population.

NAFLD is often benign, characterized by excess triglyceride accumulation in hepatocytes
among persons who do not abuse alcohol; however, it can lead to inflammation, fibrosis, and
eventually, cirrhosis (9,10). Even within its most common form, NAFLD is associated with
increased mortality (10), and an increased risk of CVD among persons with T2DM,
independent of classical risk factors (11).

Despite the increasing prevalence and the potential for serious clinical outcomes, the
epidemiology and genetics of NAFLD are not well defined. Previous studies have often relied
on surrogate measures of NAFLD (e.qg., liver function tests), have had limited assessments of
metabolic factors and adipose tissue distribution, and have not studied family members.

The present study was undertaken to fill these gaps in the etiology of NAFLD. The IRAS
Family Study is a large family study in which 1142 adult men and women of Hispanic or
African American descent have had the presence or absence of NAFLD uniformly defined
using computed tomography (CT) scanning of the abdomen. The cohort members were studied
extensively for a large panel of metabolic and physical measures including CT-measured
abdominal adiposity and directly quantified insulin sensitivity. Furthermore, the family design
allows an assessment of the heritability of NAFLD. Thus, the objectives of this report are to
describe the correlates and heritability of NAFLD in Hispanic and African Americans.

Methods and Procedures

The IRAS Family Study was designed to explore genetic and epidemiologic contributions to
abdominal adiposity and glucose homeostasis traits among Hispanic and African Americans
using a family-based design (12). Large families were recruited between 2000—2002 at study
centers in San Antonio, TX (Hispanics); San Luis Valley, CO (Hispanics); and Los Angeles,
CA (African Americans); with probands identified from both the parent study (IRAS [13]) as
well as the general population. Families were recruited based upon family size, not disease
status. A follow-up examination was conducted approximately five years after the baseline
examination, at which time computed tomography (CT) scanning of the liver and spleen was
obtained. The Institutional Review Boards approved the protocol and informed consent was
provided by each subject.

Imaging of the liver and spleen were obtained under a standardized protocol and scans were
read centrally (University of Colorado Health Sciences Center). In brief, a single axial CT
image was obtained at or near the T11/T12 level (14). The reading center quantified the density
of the liver and spleen as visualized in the slice. The ratio of liver density to spleen density (LS
ratio) was calculated; LS ratio < 1.0 has become an accepted cutpoint for a discrete outcome
of NAFLD (1). All CT images were coded for pathology and image quality; poor quality studies
were excluded from analysis.

Fat mass in the abdominal region was obtained by CT at the L4/L5 vertebral regions under a
standardized protocol. Scans were read centrally at the reading center for subcutaneous (SAT)
and visceral (VAT) adipose tissue. Percent total body fat was obtained by DEXA scan.

Insulin sensitivity was determined using a frequently sampled intravenous glucose tolerance
test (FSIGTT), with modification from the published protocol (15). An injection of regular
insulin, rather than tolbutamide, was used to ensure adequate plasma insulin levels for the
accurate computation of insulin sensitivity across a broad range of glucose tolerance (16). In
addition, a reduced sampling protocol was employed for efficiency (17). Insulin sensitivity,
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expressed as the insulin sensitivity index (S;), acute insulin response (AIR), and disposition
index (DI= S x AIR) were calculated using minimal model analysis software (MINMOD;
18). Approximately 15% of the participants did not complete the FSIGTT due to scheduling
difficulties.

Adiponectin concentration was measured using a radioimmunoassay (Linco Research, St.
Charles, MO) (19). C-reactive protein (CRP) was measured using an ultra-sensitive
competitive immunoassay (antibodies and antigens from Calbiochem, La Jolla, CA) (20).
Plasma glucose was measured using the glucose oxidase technique on an autoanalyzer. Plasma
insulin was measured using the dextran-charcoal radioimmunoassay (21). Triglyceride (TG)
concentrations were measured from plasma using enzymatic methods. High density lipoprotein
(HDL) cholesterol was measured using the direct method (22). Alanine transaminase (ALT),
aspartate transaminase (AST), and gamma-glutamyl transpeptidase (GGT) were determined
by enzymatic colorimetric assays using a Chemistry Analyzer Model ATAC 8000 (Elan
Diagnostic Co.). Fibrinogen was measured in citrated plasma with a modified clot-rate assay
(23). PAI-1 was measured in citrated plasma using a two-site immunoassay (24,25).

Height and weight were measured to the nearest 0.5 cm and 0.1 kg, respectively. Body mass
index (BMI) was calculated at weight (kg)/height (m)2. Waist circumference was measured at
the natural indentation or at a level midway between the iliac crest and the lower edge of the
rib cage. The metabolic syndrome was defined using standard criteria (26). Usual consumption
of beer, wine, and liquor in the past year was assessed by self-report. Exclusions were made
for usual alcohol consumption which exceeded two drinks/day in men and one drink/day in
women. History of liver disease was not collected. Diabetes was defined as a single fasting
glucose measure exceeding 126 mg/dl or use of hypoglycemic medications.

Statistical Methods

NAFLD is presented as both a dichotomous variable (LS ratio < 1 and > 1) and as a continuous
variable (LS ratio). We also present results for liver density unadjusted for spleen density
(27). All analyses were conducted separately in the two race/ethnic groups for two reasons: a
major difference in the prevalence of NAFLD, and observed differences in risk factor
relationships. All risk factors and outcomes presented here were obtained at the follow-up
examination with the exception of the FSIGT parameters, adiponectin, and CRP, which were
only available from the baseline examination. We consider these factors to be sufficiently novel
to include, even though they were collected five years prior to the liver parameters.

Tests of significance for descriptive statistics and Spearman correlation coefficients were all
corrected for familial correlations. To determine whether the observed ethnic differences in
the prevalence of NAFLD was present across the range of values for a risk factor, we performed
subgroup analyses by dichotomizing VAT and S, at the median using the entire cohort.

Multivariable generalized estimating equations (GEE1) were used to determine the set of
independent variables that were associated with LS ratio. Two sets of models are presented. A
Basic Model was designed to include a minimal set of covariates that incorporate the primary
risk phenotypes: obesity and insulin resistance. A Full Model evaluated a broader set of
covariates including those in the Basic Model. Variables were selected for the Full Model if
they reached statistical significance (p<0.05) in one or both ethnic specific models. Age, sex,
study center (Hispanic model only), and BMI were retained in the models irrespective of their
contribution to explained variance. GEEL is a standard approach to the analysis of correlated
data such as family data and can be intuitively thought of as similar to linear regression models
except that they account for the correlation among pedigrees. Participants with diabetes were
excluded from correlation analyses (Table 2) and multivariable GEE1 models (Table 3).
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Heritability was estimated using a multipoint variance component procedure implemented in
the SOLAR software package (28). Models adjusted for age, sex, and S;. We included S; in
this minimal set of covariates because S, was strongly correlated to LS ratio in both ethnic
groups.

Ninety-five percent (95%) of IRAS Family Study participants completed an abdominal CT
study at the follow-up examination (1364/1433). Forty-four scans were excluded from this
analysis due to pathology or poor image quality. One-hundred seven participants were excluded
from the analysis for excessive consumption of alcohol and 51 participants were excluded
because they were missing data on the key measures. Thus, this analysis includes 1142
participants (795 Hispanic and 347 African American) from 129 families (87 Hispanic and 42
African American).

The average age of the cohort was 49 years; 63% were female (Table 1). African Americans
had higher BMI and SAT, but lower VAT than Hispanics. African Americans were more
insulin resistant than Hispanics. The prevalence of the metabolic syndrome was higher in
Hispanics than African Americans (33% vs 19%), whereas the prevalence of diabetes (17%)
was similar in both groups. NAFLD was observed in 24% of Hispanics (190/795) and 10% of
African Americans (34/347). This trend of a lower prevalence of NAFLD among African
Americans persisted across subgroups of VAT and S; (data not shown). Similarly, mean LS
ratio was lower in Hispanics than in African Americans (Figure 1).

Univariate associations between NAFLD and risk factors were similar in Hispanics and African
Americans and included increased total and abdominal body fat, glucose dysregulation and
insulin resistance, inflammatory markers, HDL and triglycerides, liver enzyme levels,
metabolic syndrome, and diabetes (Table 1). Risk factors not associated with NAFLD included
age, percent total body fat by DXA, and acute insulin response.

Correlation coefficients between the continuous measure of NAFLD (LS ratio) and the
metabolic and physical measures were consistently stronger in the Hispanic sample than in the
African American sample (Table 2). Significant ethnic interactions were observed for nearly
all risk factors (interaction p-values ranging from 0.02 —<0.0001).

In Hispanics, the minimal set of covariates explained 27% of the variance in LS ratio; age,
S), and VAT were significant covariates in this model (Table 3). In African Americans, the
minimal set of covariates explained 11% of the variance; S; and VAT were significant
covariates in the model. BMI was not a significant independent correlate of LS ratio in either
ethnic group, despite statistically significant unadjusted correlation coefficients (Table 2).
Several additional measures were found to be significant covariates of LS ratio in the full
models. In Hispanics, the Full Model explained 33% of the variance in LS ratio and included
age and S, as positive independent correlates, and VAT, TG, and PAI-1 as negative independent
correlates. In African Americans, the Full Model explained 14% of the variance in LS ratio
and included only adiponectin as a positive independent correlate. S; and VAT had borderline
significant associations with LS ratio in this smaller ethnic sample (p<0.10). Fasting insulin,
AIR, HDL, and CRP were not significant multivariate correlates in either ethnic group and
were thus not included in the Full Models.

The residual heritability of LS ratio was statistically significant (p < 0.02) in both ethnic groups:
0.21 (p<0.0001) in Hispanics and 0.19 (p=0.02) in African Americans (Table 4). A small

proportion of the variance in LS ratio was explained by covariates (10% to 15%). The residual
heritability of liver density was considerably higher, estimated as 0.35 in Hispanics and 0.32
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in African Americans (both p<0.001), as was the proportion of variance explained by covariates
(16 % to 19%).

Discussion

In this study of 1142 participants of the IRAS Family Study, we observed a higher prevalence
of NAFLD in Hispanic Americans (24%) than in African Americans (10%). The independent
correlates of NAFLD included only two that were similar across the two ethnic groups (insulin
sensitivity and VAT) and several that were different. Age, TG and PAI-1 were additional
correlates of NAFLD in Hispanics, while adiponectin was independently associated only in
African Americans. These factors explained a large portion of the variance of NAFLD in the
Hispanic cohort (33%), but far less of the variance in the African American cohort (14%).
NAFLD was modestly heritable in both ethnic groups (approximately 20% when assessed by
LS ratio and 35% when assessed by liver density).

The high prevalence of NAFLD in Hispanics relative to African Americans and Caucasians
has been reported in several multi-ethnic studies (7,29). Considering a condition for which risk
has been attributed to central obesity, insulin resistance, and diabetes, we expected to observe
a high prevalence of NAFLD in the IRAS Family Study Hispanic cohort. Indeed, one of four
Hispanic participants was determined to have NAFLD. Paradoxically, central obesity, insulin
resistance, and diabetes were similar or more frequent in African Americans than Hispanics in
this study and others (30), yet African Americans had a dramatically lower prevalence of
NAFLD. Browning et al (7), observing a similar paradox, assessed whether the ethnic
difference in the prevalence of hepatic steatosis was due to differences in the frequency of risk
factors. In subgroup analyses (low BMI or insulin-sensitive by HOMA), African Americans
persisted in a lower prevalence of hepatic steatosis compared to Hispanics. We have extended
this finding by showing, using our detailed phenotypes, that even among subgroups with low
VAT or insulin sensitivity, African Americans have a lower prevalence of hepatic steatosis
than Hispanics. This discrepancy between the environment and outcome suggests that NAFLD
may have important, yet unidentified, genetic or environmental predictors. Characteristics
which could be explored to understand the mechanisms responsible for ethnic differences in
NAFLD include dietary intake and environmental toxins.

Our large sample size and extensive phenotyping allowed us to examine whether there were
different predictors of NAFLD across ethnic groups. Indeed, only two of the risk factors, insulin
resistance and visceral adipose tissue area, were significant independent predictors of NAFLD
in both groups. Point estimates for risk factors contained in the multivariate models were
consistently lower among African Americans compared to Hispanics, and, in addition to the
smaller sample size, resulted in few significant associations. Furthermore, very little of the
variance in LS ratio was explained in African Americans with our extensive panel of highly
detailed phenotypes (r2=0.14) compared to Hispanics (r2=0.33). This is the first report directly
comparing risk factor profiles for NAFLD across ethnic groups. These findings suggest that
there may be fundamental differences in the etiology of NAFLD in African Americans and
Hispanics.

NAFLD has been shown to be strongly associated with general and abdominal obesity as
measured by BMI and waist (7). However, in studies that have directly measured the area of
the abdominal fat depots, a stronger relationship is observed between NAFLD and visceral
adiposity than with overall obesity (1,31). Our large study extends these findings by showing
that in Hispanics the variance in fatty liver is better explained by insulin resistance and visceral
adiposity than by measures of overall obesity. (BMI and percent total body fat were not
significant correlates of LS ratio in either ethnic group). These findings further emphasize the
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fundamental association of NAFLD with abdominal adiposity and the insulin resistance
syndrome.

Insulin resistance was the strongest and most consistent correlate of NAFLD in this bi-ethnic
population. Univariate correlations between S; and LS ratio were 0.43 and 0.25, (Hispanics
and African Americans, respectively), associations which persisted in the multivariate models,
albeit reduced to non-significance in the African American cohort (p=0.09). We also examined
another parameter from the FSIGT: acute insulin response. AIR yielded a statistically
significant univariate association with LS ratio in Hispanics; however, this association did not
persist in the multivariate model. Disposition index was highly correlated with LS ratio in both
groups (p<0.01) in univariate analysis; we did not include it in the multivariate model due to
its collinearity with S,

An association between NAFLD and low adiponectin levels was observed in both the African
American and Hispanic samples, persisting as an independent effect only in the African
American cohort. This association of fatty liver with markedly lower plasma adiponectin has
been previously reported (32,33) and emphasizes the importance of adipose tissue to the
development of NAFLD. The lack of an independent effect in Hispanics is puzzling; it may
reflect the considerably higher values of adiponectin in this ethnic group relative to African
Americans (19).

A positive association between age and LS ratio was unexpected. There are no consistent
observations between age and NAFLD in the literature, perhaps due to the limited number of
large population-based cohorts in which this question has been explored. Regarding
associations with inflammatory markers, we observed strong associations with PAI-1 in
Hispanics. CRP, however, was not independently associated with NAFLD in either ethnic
cohort. While this lack of association for CRP may be a result of the time difference between
its measurement and the liver parameters, its effect might also be mediated through VAT. PAI-1
is of particular interest in that it is secreted by adipose tissue and is an inhibitor of fibrinolysis.
These findings are in agreement with others that NAFLD is an inflammatory process (34).

This is the first study to estimate the contribution of genetic factors to variation in NAFLD as
assessed using CT. We found modest heritabilities of approximately 20% for LS ratio.
Heritabilities were considerably higher for liver density unadjusted for spleen density (32%
and 35%), suggesting that the LS ratio incorporates more variability associated with the
environment, and liver density is more strongly genetic. The only other reports of heritability
come from studies in which biochemical liver function enzymes were measured (35,36). Our
findings of modest heritability support future efforts to map genes which contribute to NAFLD.

Our study has several important strengths. We have comprehensively phenotyped a large
cohort using direct measure of insulin resistance and insulin secretion, inflammatory markers,
and adipose tissue distribution. Several previous studies of NAFLD have relied on surrogate
measures of insulin resistance and BMI. Our multi-ethnic cohort allowed us to examine
differences in risk factor profiles among groups for whom the prevalence of NAFLD differs
substantially. Finally, the family study design allowed us to assess the familial context of
NAFLD. An important limitation is reduced power in the African American sample compared
to the Hispanic sample. Caution was taken to minimize over-interpretation of non-significant
findings. Another limitation is the five-year time difference between the collection of several
measures and the assessment of NAFLD. We chose to incorporate these novel parameters in
our analysis but recognize that they were not collected coincident with the NAFLD assessment.
Despite this time lag, one of these measures, S,, has the strongest association with LS ratio,
supporting its strength as a predictor variable.
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In conclusion, NAFLD appears to be part of the broader metabolic syndrome characterized by
insulin resistance and abdominal adiposity in Hispanic Americans and African Americans.
Consistent with other reports, NAFLD was less prevalent in African Americans, a finding that
could not be explained by different frequencies of risk factors. Notably, risk factors had a much
weaker impact on the variability of fatty liver among African Americans than in Hispanics.
Moderate heritability estimates were observed in both ethnic groups and suggest that these
families may be valuable to efforts for mapping genes which contribute to NAFLD. Continued
exploration of these ethnic differences may yield valuable clues to the etiology of this prevalent
condition.
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