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Abstract
Background and Aims—Nonalcoholic fatty liver disease (NAFLD) is the number one cause of
liver disease in the United States. The prevalence rates in African Americans (AA), while
significantly lower than other ethnic groups with similar known risk factors, have been quoted as
high as 24 %. We aim to determine if the presence of NAFLD in African Americans is associated
with lower triglyceride and/or higher HDL-c levels and if NAFLD risk factors in African
Americans differ from other ethnic groups.

Methods—A total of 3,056 participants of the Multi Ethnic Study of Atherosclerosis were
included in this study. We utilized the baseline serum, anthropometric and radiographic
measurements obtained between 2000 and 2002. NAFLD was defined as liver spleen ratio <1
from CT measurements.

Results—The prevalence of NAFLD was and 11 % in AA. We found that age, education,
triglyceride levels, HDL-c levels, waist circumference and HOMA-IR were independent correlates
of NAFLD in this population. Among those with NAFLD, AA had significantly lower triglyceride
levels than Hispanics [125 mg/dl (95 % CI 107–143) versus 192 mg/dl (95 % CI 169–215), p <
0.001] and Caucasians [185 mg/dl (95 % CI 161–209), p = 0.001]. Serum HDL-c was significantly
higher in AA with NAFLD (47 mg/dl; 95 % CI 45–50) when compared to Hispanics (44 mg/dl; 95
% CI 43–66, p = 0.02) and Caucasians (44 mg/dl; 95 % CI 42–46, p = 0.02) with NAFLD.

Conclusions—This study demonstrated that the clinical correlates of NAFLD in African
Americans are similar to the correlates of NAFLD in other ethnic groups. Our data also suggests
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that when evaluating African Americans for NAFLD risk, lower cutoff values should be used to
define abnormal triglyceride levels.
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Introduction
Nonalcoholic fatty liver disease (NAFLD), the spectrum of hepatic disease ranging from
bland steatosis, necroinflammation and hepatitis, fibrosis and cirrhosis, is the leading cause
of liver disease in the United States [1]. The prevalence of NAFLD in adults in the United
States ranges from 15 to 39 % [1–3]. Nonalcoholic steatohepatitis (NASH), a more
aggressive manifestation, representing a combination of necroinflammation, hepatitis,
perisinusoidal and perivenular fibrosis, and cirrhosis, ranges in prevalence from 2 to 7 % [2,
3]. More important are recent data demonstrating that NAFLD is known to independently
increase overall mortality, with malignancy and cardiovascular disease being the most
common causes of death [4–8].

Risk factors for NAFLD development have been identified but not entirely validated. Many
of the risk factors identified (visceral adiposity, insulin resistance, dyslipidemia) are
components of the metabolic syndrome (MetS), of which NAFLD is widely accepted to be
the hepatic equivalent [9–12]. Like metabolic syndrome, the prevalence of NAFLD is
known to vary widely among different ethnicities [9, 13, 14]. African Americans typically
have significantly lower prevalence rates despite equal rates of obesity and insulin
resistance. Some authors have suggested that this could be a result of differences in lipid
homeostasis, given that African Americans typically have lower triglyceride (TG) levels and
higher levels of HDL-c [9, 15].

Patatin-like phospholipase domain containing 3 gene (PNPLA3) has recently been
implicated in accounting for up to 72 % of the ethnic differences in NAFLD prevalence
[16]. However, it is still unclear what pathophysiological role PNPLA3 plays in human
NAFLD development and disease progression. While the prevalence rates of NAFLD are
significantly lower in African Americans compared to other racial and ethnic groups, the
currently quoted rate of 24 % in the largest population-based study, is still alarmingly high
[9]. African Americans are a population that historically have disproportionately higher
mortality rates due to cardiovascular disease [17, 18]. Given that NAFLD is an independent
marker of cardiovascular risk, identifying NAFLD risk factors in the African American
population offers a vital strategy for reduction in mortality as well as long-term cost-benefit
savings.

In our proposed studies, we aimed to identify risk factors for NAFLD in African Americans,
a population known to have high risk for health disparities as well as poorly defined risk
factors for NAFLD when compared to other ethnic groups. Specifically, we aim to
determine whether the prevalence of NAFLD in African Americans is associated with lower
triglyceride and/or higher HDL-c levels as well as identify other clinical predictors of
NAFLD development in African Americans and determine if these differ from other ethnic
groups.
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Methods
Study Population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective study designed to
evaluate the mechanisms underlying the development and progression of subclinical
cardiovascular disease (CVD) in asymptomatic individuals. The study design has been
described previously [19]. Briefly, 6,814 Caucasian, African American, Hispanic, and Asian
men and women aged 45–84 who were clinically free from CVD were recruited from six
communities (Los Angeles County, CA; northern Manhattan, New York, NY; Baltimore,
MD; Chicago, IL; St. Paul, MN; and Forsyth County, NC) in the United States. Participants
with active cancer, cognitive impairment, weight greater than 300 pounds (136 kg) and those
who were pregnant were excluded.

Methods
We utilized the baseline serum, anthropometric and radiographic measurements obtained
between 2000 and 2002. Information on socio-demographic factors (age, sex, and
education), lifestyle factors (alcohol consumption and smoking status) and self-reported
medical history (hypertension, diabetes, liver disease and cirrhosis) were collected at the
baseline examination using standardized questionnaires. A central laboratory (University of
Vermont, Burlington) measured levels of total and HDL-c cholesterol, triglycerides, plasma
glucose, and high-sensitivity C-reactive protein in blood samples obtained after a 12-h fast.
Waist circumference was measured horizontally at the level of the umbilicus. Body mass
index was calculated as weight in kilograms divided by height in meters squared.
Homeostatic model assessment was used to measure insulin resistance (HOMA-IR)
calculated as fasting glucose (mg/dl) × fasting insulin (μU/mL)/405 [20].

Non contrast cardiac chest computed tomography (CT) scans were obtained on all the
participants in the MESA study. A majority of these studies had visible liver and spleen
tissue available for evaluation. A cardiac CT is a specialized form of computed tomography
that differs from standard CT techniques in that it additionally uses ECG-monitoring during
the scan acquisition (ECG-gating) to create high-resolution images of the heart and coronary
vessels [21]. The existence of fatty liver was assessed by the range of attenuation coefficient
(in HU), measured in four chosen areas of the liver. Two measurements of spleen were also
conducted. Measurements included the minimum, maximum and mean HU for a 2-cm
round/ellipse region of interest (ROI) in the right and left lobes of the liver, as well as in the
spleen. If sufficient tissue was not available for a 2-cm measure, a 1-cm measurement was
obtained. If less than 1 cm of tissue was evident on the cardiac scan, the study was deemed
not sufficient for measure. We calculated an overall mean hepatic attenuation using the
means obtained from the right and left lobes of the liver. This hepatic mean HU as well as
the mean HU of the spleen was used to calculate a liver/spleen (L/S) ratio.

NAFLD was defined as LS ratio <1, which has an area under the receiver operating curve
(AUROC) of >0.96 when measuring hepatic steatosis >30 % on non-contrast CT images
[22]. Exclusion criteria for potential participants included the absence of both a visible liver
and spleen on cardiac CT, unavailable HDL-c and triglyceride values, “significant alcohol
consumption” (defined as >20 g per day in men and >10 g per day in women), a self-
reported history of liver disease and cirrhosis, and use of medications associated with
NAFLD such as oral steroids and amiodarone. Chinese Americans were also excluded from
analysis due to relatively smaller numbers.
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Statistical Analysis
Results of summary outcome measures were reported as mean (SD) and proportions.
Differences between groups were tested using chi-square analyses for categorical data and
two sample Student's t test for continuous variables. Univariate and multivariable analysis
were used to determine predictors of NAFLD using logistic regression. In our analytical
models we included a core set of covariates which included age (as a continuous measure),
gender and education (measured dichotomously; completed high school, yes or no). We
included the variables that were significant with a p value of 0.20 or smaller on univariate
analysis into our multivariate model of the entire population. These selected variables were
then used in multivariate analysis stratified by race. In addition we forced age and gender
into all models. All analyses were performed using Stata version 11.0 (StataCorp LP,
College Station, TX, USA).

Results
After applying our exclusion criteria there were a total of 3,056 participants available for
analysis (Fig. 1). The mean age of the participants was 63 ± 10 and 55 % were female.
Among the participants 41 % (n = 1,244) were Caucasian, 32 % (n = 992) African
Americans, and 27 % Hispanic (n = 820). The mean waist circumference was 99.8 ± 14 cm,
the mean body mass index (BMI; kg/m2) was 29 ± 5 with 36 % of the population meeting
criteria for obesity (BMI ≥ 30). The mean HDL-c level was 50 ± 15 mg/dl, and TG level
was 131 ± 87 mg/dl. Diabetes was reported in 12 % of the population. The median HOMA-
IR value and interquartile range was 1.3 (0.8–2.1). A total of 521 (17 %) participants had
NAFLD at baseline as defined by LS ratio <1 (Table 1).

Characteristics of Participants with NAFLD
Compared to those without, participants with NAFLD were significantly younger, more
obese, had a higher waist circumference lower HDL-c levels, higher TG levels, and a greater
prevalence of hypertension, insulin resistance, and diabetes. The prevalence of NAFLD
within each ethnic group was; 15 % for Caucasians, 28 % of Hispanics, and 11 % in African
Americans. The baseline characteristics of the participants stratified by race and the
presence of NAFLD are listed in Table 2.

African Americans with NAFLD were significantly more likely to have HTN when
compared to Caucasians and Hispanics with NAFLD (AA: 62 % vs Hispanics: 39 %, p <
0.001 vs Caucasians: 49 %, p = 0.03). AA had significantly lower TG levels than Hispanics
[125 mg/dl (95 % CI 112–137) vs 185 mg/dl (95 % CI 174–197), p < 0.001] and Caucasians
[191 mg/dl (95 % CI 164–219), p < 0.001]. Serum HDL-c was significantly higher in AA
with NAFLD (47 mg/dl; 95 % CI 45–50) when compared to Hispanics (44 mg/dl; 95 % CI
43–66, p = 0.02) and Caucasians (44 mg/dl; 95 % CI 42–46, p = 0.02) with NAFLD.

When compared to Hispanics with NAFLD, AA with NAFLD were significantly older [63
(95 % CI 62–65) vs 59 (95 % CI 58–61), p < 0.001]. AA waist circumference was
significantly larger [109 (95 % CI 106–112) versus 105 (95 % CI 104–107), p = 0.02]. There
were more AA high school graduates (96 versus 46 %, p < 0.001). Finally, although there
were no significant differences in BMI, AA had significantly more individuals who were
obese (66 versus 54 %, p = 0.05) when compared to Hispanics. When compared to
Caucasians, AA had more women with NAFLD (66 versus 50 %, p = 0.007) and more
diabetics (22 versus 11 %, p = 0.009). AA also had significantly higher BMI than
Caucasians [33 (95 % CI 32–34) versus 31 (95 % CI 31–32, p = 0.04)].

When we compared AA with NAFLD to those AA without it, we found that those subjects
with NAFLD were more likely to have a higher waist circumference (cm), higher BMI (and
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obesity rates), hypertension, type 2 diabetes (T2DM), lower HDL-c, higher serum TG levels,
higher CRP, HOMA-IR levels and lower education levels (Table 2).

Multivariable Predictors of NAFLD
We found that age, TG levels, HDL-c levels, waist circumference, education, and HOMA-
IR were significant independent correlates of NAFLD in this population. Results of
multivariate analysis are presented in Table 3.

There were differences in the clinical correlates of NAFLD within each race. When we
analyzed just African Americans in multivariate analysis, we found that TG and HDL levels
along with waist circumference and HOMA-IR values were the only significant correlates
(Table 3). We performed a test for interaction to see if the effect of TG and HDL level on
NAFLD was different in African Americans. We did not find a significant interaction effect
between triglycerides and AA race (p = 0.77) or HDL-c and AA race (p = 0.14) and NAFLD
presence.

Discussion
While African American's have the lowest prevalence rates of NAFLD in the United States
compared to other ethnic groups, assuming a prevalence rate of 24 % obtained by Browning
et al. [9] (the largest population based study of NAFLD prevalence), approximately 9
million African Americans are currently affected. This is significantly higher than the entire
population of patients suffering from chronic hepatitis C virus infections in the United States
(approximately 4 million) [23]. It is therefore important to determine the risk factors for
NAFLD development specific to this population given that ethnic differences in
pathophysiology of this disease have been established [13, 16, 24].

We found that after controlling for the major clinical risk factors, African Americans still
had half the odds of having NAFLD when compared to Hispanics and Caucasians,
suggesting there is some yet-to-be-measured protective element. Compared to the many
clinical correlates of NAFLD seen when we evaluated the entire cohort, only insulin
resistance, waist circumference, TG and HDL-c levels correlated to NAFLD in African
Americans. Of note, the mean TG levels in African Americans with NAFLD (125 mg/dl; 95
% CI 112.5–137.6) is significantly lower than the mean found in the other ethnic groups and
is considered normal according to the National Cholesterol Education Program (NCEP)
which defines normal serum triglyceride levels in adults as <150 mg/dl [25]. Guerrero et al.
[13] found serum triglyceride levels and hepatic triglyceride content to be lowest among the
African Americans despite having the highest insulin levels and HOMA-IR values when
compared to Caucasians and Hispanics. They concluded that the African American
metabolic response to obesity and insulin resistance differed from that of Hispanics and
Caucasians given that they appeared to be more resistant to the accumulation of triglyceride
in the liver as well as hypertriglyceridemia associated with insulin resistance. We make the
suggestion that perhaps lower TG thresholds should be used to identify African Americans
at risk for NAFLD development.

This study does have limitations. First, our measure of NAFLD is not the gold standard and
is only able to identify hepatic steatosis greater that 30 % with accuracy [26]. However,
there is still no accurate means of predicting those individuals at risk for developing NASH
and no accurate noninvasive methods of determining which individuals have simple
steatosis and which have NASH. As a result, the majority of NAFLD in the general
population is identified and studied through imaging studies [27]. Second, 36 % of the
participants were excluded, although the vast majority due to non-visible liver or spleen on
CT scan and missing lipid values. This data was likely missing at random and should not
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contribute a selection bias. The baseline laboratory measurements and CT scans were
performed 10–12 years ago and so likely underestimate mean BMI and HOMA-IR as well
as the prevalence of diabetes and therefore the prevalence of NAFLD. Our findings however
are consistent with the prevalence rates seen in other large population-based studies [28].
Finally, the cross-sectional design of this study prevents us from assessing temporal
relationships and therefore making causal inferences.

In conclusion, this study demonstrated that the clinical correlates of NAFLD presence in
African Americans are similar to the correlates of NAFLD in other ethnic groups [10–12];
however, many of the risk factors for NAFLD seen in other ethnic groups do not appear to
influence NAFLD presence in AA. Our data suggests that physicians should consider using
lower cutoffs for defining abnormal TG levels (than the NCEP defined 150 mg/dl) to
identify African Americans at potential risk for NAFLD development. Finally, our findings
add to the growing data showing a decreased prevalence of NAFLD in African Americans
compared to Caucasians and Hispanics, despite controlling for most known risk factors
suggesting an unmeasured protective element, one perhaps influenced by PNPLA3. Until the
role of PNPLA3 in the pathogenesis of NAFLD is clarified, and a screening test becomes
readily available, we will have to rely on surrogate clinical markers to help us screen for
NAFLD in this population. Clearly further studies need to be performed in this area.
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Fig. 1. Study participants
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Table 1
Clinical correlates of NAFLD for univariate analysis

Characteristic No NAFLD (n = 2,535) NAFLD (n = 521) p value

Age (years) 63.6 ± 10.6 60.9 ± 9.7 <0.001

Men 1,144 (45) 227 (43) 0.37

BMI, kg/m2 28.4 ± 5.1 31.8 ± 5.4 <0.001

BMI ≥ 30 812 (32) 301 (58) <0.001

Waist (cm) 98.3 ± 13.5 107.2 ± 13.1 <0.001

History of ever smoking 1,247 (49) 227 (44) 0.02

Education (%) (<high school) 435 (17) 143 (28) <0.001

Hypertension 1,031 (41) 247 (47) 0.02

Total cholesterol, mg/dl 193.7 ± 35.1 194.6 ± 39.6 0.60

LDL-c, mg/dl 118.0 ± 31.2 115.9. ± 31.4 0.17

HDL-c, mg/dl 51.4 ± 14.8 44.7 ± 12.1 <0.001

Triglycerides, mg/dl 121.6 ± 70.7 175.4 ± 134.8 <0.001

Diabetes 284 (11) 90 (17) <0.001

C-reactive protein, mg/dla 1.9 (0.89–4.2) 3.5 (1.6–7.0) <0.001

HOMA-IRa 1.1 (0.7–1.8) 2.4 (1.5–3.7) <0.001

NAFLD nonalcoholic fatty liver disease, BMI body mass index

Reported as mean ± SD or number (%)

a
Median and interquartile range reported
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