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OBJECTIVE

There has been a widespread misconception among physicians that African Americans
are protected from developing nonalcoholic steatohepatitis (NASH). However, a formal
histologic and metabolic comparison against well-matched Caucasians has never been
performed.

RESEARCH DESIGN AND METHODS

Sixty-seven African American patients were matched 2:1 to Caucasians (n = 134) for
age, sex, BMI, hemoglobin A1c, and prevalence of type 2 diabetes mellitus (T2DM).
Screening for NASH included measurement of intrahepatic triglyceride content by
proton MRS (1H-MRS), followed by a liver biopsy if patients had hepatic steatosis.
Insulin resistance was estimated during an oral glucose tolerance test using the
Matsuda Index.

RESULTS

Compared with Caucasians, African American patients had a lower intrahepatic tri-
glyceride content (mean6 SD 6.16 6.8% vs. 9.46 7.5%,P = 0.007) and the presence
of nonalcoholic fatty liver disease (NAFLD) was less common (25.0% vs. 51.9%,
P = 0.003). However, prevalence of NASH was not different between ethnicities in
patients with NAFLD (57.1% vs. 73.3%, P = 0.12). Moreover, they showed similar
severity in each of the individual histologic parameters (inflammation, ballooning,
and fibrosis). Among patients with NAFLD, insulin resistance was similar between
both ethnic groups (Matsuda Index: 3.36 1.8 vs. 3.16 1.9, P = 0.61; adipose tissue
insulin resistance [Adipo-IR] index: 5.76 4.6 vs. 6.46 4.7mmol/L ·mU/mL, P = 0.53)
but appeared to be worse in African American versus Caucasian patients without
NAFLD (Matsuda Index: 4.96 3.6 vs. 7.06 4.9, P = 0.11; Adipo-IR: 3.96 2.8 vs. 2.76
2.3 mmol/L · mU/mL, P = 0.06). African American patients also had lower plasma
triglycerides and higher HDL cholesterol, independent of the severity of intrahepatic
triglyceride.

CONCLUSIONS

Although African Americans have lower intrahepatic triglyceride accumulation, once
NAFLD develops, NASH occurs as frequently, and as severe, as in Caucasian patients.
Therefore, African Americans with NAFLD should be screened for NASH with the
same degree of clinical resolve as in Caucasian patients.
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Nonalcoholic fatty liver disease (NAFLD) is
defined as the accumulation ofmore than
5% of visible steatosis within hepatocytes
on light microscopy, or more than 5.56%
of intrahepatic triglyceride content on im-
aging such as protonMRS (1H-MRS) (1,2).
Using liver 1H-MRS, theDallasHeart Study
(DHS) found that more than one-third of
participants had a diagnosis of NAFLD (3).
Moreover, the study showed important
differences among ethnicities, with Afri-
can Americans having a significantly
lower prevalence of NAFLD compared
with Caucasians and Hispanics. Similar re-
sults were reported from the Third Na-
tional Health and Nutrition Examination
Survey (NHANES III) based on ultrasound
findings (4).
Based on results from these studies,

there has been a growing misconception
among primary care providers that sub-
jects of African American ancestry are
protected against the more severe form
of the disease, nonalcoholic steatohepa-
titis (NASH). This has resulted in NASH
being dismissed and frequently over-
looked in this population. Moreover,
NASH in African American patients has
been rarely studied by means of a liver
biopsy, and the few available studies
have been rather small (5,6). Therefore,
the risk of developing NASH and fibrosis
in African American patients with NAFLD
has been neglected and remains unclear.
Among patients undergoing bariatric

surgery, Solga et al. (6) reported that
NASH was less common in African Amer-
icans than in Caucasians but still affected
27% of patients. Another report found
slightly less frequent NASH in African
Americans versus Caucasians amongmor-
bidly obese subjects but similar degrees
of liver fibrosis (7). However, results from
morbidly obese individuals may not rep-
resent the overall obese population.
Fewer data exist about the frequency of
NASH in patients who are only overweight
or mild to moderately obese. In a study by
Williams et al. (5), the prevalence of NASH
among patients with NAFLD was actually
higher among African Americans when
compared with Caucasians. However,
only a small group of African Americans
underwent a percutaneous liver biopsy in
this study (n = 13).
Given the limited and conflicting evi-

dence, the aim of the current study was
to determine the prevalence of NASH
in a large cohort of African American pa-
tients, and their histologic and metabolic

characteristics comparedwithwell-matched
Caucasian individuals.

RESEARCH DESIGN AND METHODS

Subjects
A group of 67 African American partici-
pants were recruited from hepatology
and endocrinology clinics, as well as
from the general population (newspaper
ads and flyers) of Gainesville, FL, and San
Antonio, TX, as previously reported (8).
Patients were selected based on overall
increased risk of NAFLD/NASH, based on
the presence of obesity, metabolic syn-
drome, type 2 diabetes mellitus (T2DM),
or elevated plasma aminotransferases.
Participants were excluded if they had
a history of significant alcohol use
($30 g/day for males and $20 g/day
for females), type 1 diabetes mellitus, or
any liver disease other than NASH (i.e.,
hepatitis B or C, autoimmune hepatitis,
hemochromatosis, Wilson disease, or
drug-induced hepatitis). They were also
excluded if they had any evidence of clin-
ically significant renal, pulmonary, or
heart disease. Two Caucasian control sub-
jects were selected for each African
American participant based on matching
age, sex, BMI, hemoglobin A1c (HbA1c),
prevalence of T2DM, and recruitment
strategy (clinics vs. general population).
Thus, out of the 240 Caucasian patients re-
cruited based on similar inclusion and ex-
clusion criteria, 134 were selected by
propensity match scoring (total cohort n =
201). The study was approved by both in-
stitutional review boards, and a written in-
formed consent was obtained from each
patient prior to their participation.

Study Design
Metabolic and imagingmeasurements in-
cluded the following:1) routineblood and
urine testing, including fasting plasma
glucose, HbA1c, lipid profile, plasma ami-
notransferases, fasting plasma insulin
(FPI), and fasting free fatty acids (FFAs);
2) total body fat by dual-energy X-ray ab-
sorptiometry (DXA); 3) intrahepatic tri-
glyceride content by 1H-MRS; 4) HOMA
of insulin resistance and adipose tissue
insulin resistance during the fasting state
expressed as the adipose tissue insulin re-
sistance (Adipo-IR) index (FFA 3 FPI);
5) a 75-g oral glucose tolerance test to
establish the diagnosis of normal glu-
cose tolerance or T2DM according to
current criteria and to measure insulin
resistance by the Matsuda Index; and 6)
liver biopsy to establish the diagnosis of

NASH and the stage and grade of the
disease.

Measurements of Total Body and Liver
Fat Content
Total body fat content was measured by
DXA (Hologic Inc., Waltham, MA). For the
measurement of hepatic fat content, lo-
calized 1H-NMR spectra of the liver were
acquired as previously described (9). Two
or three liver areas with a volume of 303
30 3 30 mm were selected for voxel
placement. A liver fat content .5.56%
was considered diagnostic of NAFLD.

Liver Biopsy
An ultrasound-guided liver biopsy was
performed in patients with a diagnosis
of NAFLD by 1H-MRS. Histologic charac-
teristics for the diagnosis of NASH were
determined using standard criteria (10).

Statistical Analysis
Datawere summarized in percentages for
categorical variables and as mean 6 SD
for numeric variables. Categorical vari-
ables were compared performing x2 or
Fisher exact test. For comparisons between
two groups, we performed a Kruskal-Wallis
or Student t test for numeric variables,
depending on variable distribution. Pear-
son or Spearman correlations were used
for numerical variables according to their
characteristics. A two-way ANOVA was
used to assess the role of the presence
of T2DM in the ethnic differences ob-
servedbetween groups. A two-tailed value
of P , 0.05 was considered to indicate
statistical significance. Analyseswere per-
formed with Stata 11.1 (StataCorp LP).

RESULTS

Clinical and Metabolic Characteristics
Demographic, anthropometric, and clini-
cal characteristics of the 201 patients in-
cluded in the study can be observed in
Table 1. They were well matched for
age, sex, BMI, and prevalence of T2DM,
as expected basedon selection criteria for
the control subjects. No significant differ-
ences were observed in fasting plasma
glucose, FPI, or their use of medications
for T2DM (metformin, sulfonylureas,
and/or insulin) or statins.

Despite similar BMIs between ethnic
groups, we observed lower total body
fat among African Americans when
compared with Caucasians. In addition,
African Americans had lower plasma
triglycerides and higher HDL choles-
terol (HDL-C). In accordance with this,
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patients of African American ethnicity
showed a significantly lower intrahe-
patic triglyceride accumulation com-
pared with Caucasians ([mean 6 SD]
6.1 6 6.8% vs. 9.4 6 7.5%, P = 0.007).
This resulted in a lower proportion of pa-
tients with NAFLD among African Ameri-
cans when compared with Caucasians
(25.0% vs. 51.9%, P = 0.003). Of note, eth-
nic differences in intrahepatic triglyceride
accumulation were only statistically sig-
nificant among patients with elevated to-
tal body fat (defined as total body fat
above the median [35.4%]; intrahepatic
triglyceride content difference in this sub-
group: 5.8%, P = 0.015). No differences
were observed in plasma alanine amino-
transferase (43 6 33 vs. 37 6 34 IU/L,
P = 0.21) or plasma aspartate amino-
transferase (31 6 18 vs. 31 6 26 IU/L,
P = 0.98) between ethnicities.
When patients were divided based on

thepresenceor absence ofNAFLD (Fig. 1),
we observed that intrahepatic triglycer-
ide accumulation was similar between
Caucasians and African Americans with
NAFLD. In other words, once patients de-
velop NAFLD, they accumulate the
same amount of intrahepatic triglycerides
regardless of their ethnicity. Despite this
similar intrahepatic triglyceride content,
we still observed lower plasma triglycer-
ide and higher plasma HDL-C levels

among African Americans compared
with Caucasians regardless of presence/
absence of NAFLD (Fig. 1B and C).

Despite differences in the proportion
of patients with NAFLD, no significant
differences were observed in insulin re-
sistance between ethnicities when mea-
sured in the fasting or postprandial state
(Supplementary Fig. 1). Moreover, when
subjects were divided based on the pres-
ence or absence of NAFLD, we observed
that both ethnicities were equally insulin
resistant once NAFLD developed (Fig. 2).
However, in patients without NAFLD,
there was a strong trend toward worse
insulin resistance among African Amer-
icans, especially when measured as
Matsuda Index (4.9 6 3.6 vs. 7.0 6 4.9,
P = 0.11) and Adipo-IR (3.9 6 2.8 vs.
2.7 6 2.3 mmol/L z mU/mL, P = 0.06).
This occurred in spite of similar intrahe-
patic triglyceride content.

Histologic Characteristics
Overall, the presence of NASH among the
entire cohort of patients was significantly
lower for African American patients com-
pared with Caucasians (22.2% vs. 48.2%,
P = 0.001), likely due to the lower fre-
quency of patients with NAFLD in the
cohort. However, when only patients
with a diagnosis of NAFLD by 1H-MRS
were considered, we observed that as

many as 57.1% of African American pa-
tients with NAFLD had NASH in their liver
biopsy. Moreover, there was not a sig-
nificant difference in the prevalence of
NASH between African Americans and
Caucasians with NAFLD (57.1% vs.
73.3%, P = 0.12). To further analyze the
severity of liver disease in the two ethnic
groups, liver histology from patients with
NASH was compared between African
American and Caucasian patients. As
can be observed in Fig. 3, there were no
significant differences in any of the his-
tologic parameters between the two eth-
nic groups.

Subgroup Analysis
Both ethnic groups were matched for
prevalence of T2DM and HbA1c, but in
order to further assess the role of hyper-
glycemia in ethnic differences, we re-
peated all the above analyses separating
patients with and without T2DM. This in-
formation can be found in Supplementary
Table 1. As canbeobserved, no significant
differences were observed compared
with the overall cohort. Moreover, ethnic
differences in the prevalence of NAFLD
(P = 0.017), plasma triglycerides (P ,
0.001), plasma HDL-C (P , 0.001), and
total body fat by DXA (P = 0.001) re-
mained statistically significant even after
adjusting for the presence of T2DM.

Table 1—Demographic, anthropometric, and clinical characteristics of patients based on their ethnicity

Caucasian patients (n = 134) African American patients (n = 67) P value

Age (years) 54 6 10 54 6 9 0.72

Sex (male) (%) 71 70 0.85

BMI (kg/m2) 33.9 6 5.1 34.5 6 5.2 0.43

Total body fat (%) 36 6 7 33 6 8 0.004

Diagnosis of NAFLD (%) 52 25 0.003

T2DM (%) 70 73 0.66

Duration of T2DM (years) 6.3 6 5.7 5.3 6 5.2 0.41

Fasting plasma glucose (mg/dL) 139 6 48 127 6 39 0.09

FPI (mIU/mL) 12 6 10 12 6 8 0.86

HbA1c (in T2DM) (%) 7.1 6 1.3 7.0 6 1.0 0.81

Use of metformin (%) 57 52 0.57

Use of sulfonylureas (%) 27 24 0.66

Use of insulin (%) 12 20 0.20

Cholesterol (mg/dL) 176 6 46 169 6 37 0.34

Triglycerides (mg/dL) 144 (97–210) 97 (71–140) ,0.001

HDL-C (mg/dL) 39 6 10 46 6 16 ,0.001

LDL-C (mg/dL) 101 6 38 102 6 31 0.94

Use of statins (%) 68 60 0.31

ALT (IU/L) 43 6 33 37 6 34 0.21

AST (IU/L) 31 6 18 31 6 26 0.98

Data are presented as mean6 SD or median (interquartile range) for the numeric variables and as percentage for the categorical variables. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; LDL-C, LDL cholesterol.
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Other sensitivity analyses can also be
found in Supplementary Table 1.

CONCLUSIONS

There is a common belief among primary
care physicians, hepatologists, and endo-
crinologists that African Americans are
protected from developing NASH. As
a consequence, they are frequently
underdiagnosed in the clinical setting
and underrepresented in clinical trials
for NASH. This misperception about Afri-
can Americans probably arises from epi-
demiologic studies showing a lower
prevalence of NAFLD in this ethnic group
(3,4). In the absence of follow-up liver bi-
opsy studies examining the prevalence of
NASH, the assumption has been that they
are at a lower risk. Our results are impor-
tant because they show that the current
neglect in screening African American

patients for NASH is not justified. Al-
though they may develop hepatic steato-
sis less often, once they do so, their risk of
NASH is similar to that of Caucasians. The
clinical implication of this is that African
Americans with NAFLD should be care-
fully evaluated for NASH with as much
determination as Caucasian patients.

The issue on the prevalence of NAFLD
across ethnicities has been controversial.
Current dogma, based largely on the DHS
(3), states that Hispanics have a greater
risk than Caucasians, and African Ameri-
cans the least among the three groups.
However, this large epidemiologic study
did not differentiate hepatic steatosis
from other secondary causes (i.e., alcohol
intake) and other factors such as sex (i.e.,
African American women had similar
rates of steatosis compared with Cauca-
sian females) or presence of obesity or

T2DM (higher in Hispanics and African
Americans). We have previously high-
lighted the importance of controlling for
clinical variables by reporting that, in con-
trast to current belief, when Caucasians
and Hispanics were well matched for BMI
and insulin resistance, there were no dif-
ferences in the severity of hepatic steato-
sis by 1H-MRS or in the severity of liver
histology in patients with NASH (11). In
the current study, we report that despite
having an overall lower intrahepatic tri-
glyceride content, African Americans with
NAFLD had a similar prevalence of NASH
comparedwithwell-matched Caucasian pa-
tients. This is in line with prior reports;
in a large study by Bambha et al. (12), prev-
alence of NASH was only slightly lower
in African Americans (52% vs. 62% in
non-Hispanic whites), but African
Americans represented only 5% of the

Figure 1—Intrahepatic triglyceride content (A), plasma triglycerides (B), and plasma HDL-C (C) in Caucasian (Cauc) and African American (AA) patients
based on the presence/absence of NAFLD. Data are presented as mean6 SEM. Only P values,0.15 are represented.

Figure 2—Insulin resistance expressed as HOMA of insulin resistance (HOMA-IR) (A), Adipo-IR (B), andMatsuda Index (C) in Caucasian (Cauc) and African
American (AA) patients based on the presence/absence of NAFLD. Data are presented as mean6 SEM. Only P values,0.15 are represented. OGTT, oral
glucose tolerance test.
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entire cohort and just 27 had a liver bi-
opsy. In addition, recent data from the
Multiethnic Cohort study (13), including
5,783 patients with chronic liver disease,
showed that although the prevalence of
NAFLDwas lowest in African Americans, it
was still the second most common cause
of cirrhosis in this ethnic group.
Moreover, the prevalence of NASH

among patients with NAFLD was not the
only similarity between Caucasians and
African Americans; both ethnic groups
showed similar severity of all histologic
parameters, includingfibrosis. These find-
ings imply that the mechanisms responsi-
ble for the progression from isolated
steatosis to NASH may be similar in Afri-
can American and Caucasian patients.
On the contrary, intrahepatic triglycer-
ide deposition was significantly different
between ethnic groups. As we have pre-
viously demonstrated, insulin resistance
at the level of the adipose tissue is amajor
driver of intrahepatic triglyceride accu-
mulation (8,14). In accordance with this,
Adipo-IR was equally correlated with
intrahepatic triglyceride content in
both Caucasians and African Americans

(r = 0.46, P , 0.001 andr = 0.38, P =
0.006, respectively). However, for any
level of Adipo-IR, African American pa-
tients showed a lower intrahepatic triglyc-
eride content. Our interpretation of these
results is that although African Americans
and Caucasians may have similar plasma
FFA levels reaching the liver, African
American patients are able to better com-
pensate for FFA overload by probably in-
creasing b-oxidation. We speculate that
Caucasians, on the other hand, may be
more prone to triglyceride accumulation
(i.e., more steatosis) and try to compen-
sate by increased VLDL secretion (i.e.,
higher plasma triglyceride levels when
compared with African Americans).
Future studies assessing hepatic mito-
chondrial function and lipid turnover
will be needed to fully understand these
differences.

In the current work, insulin resistance
measured in the fasting or postprandial
states was similar between both ethnic
groups when all patients (patients with
or without NAFLD) were included in the
analysis. Prior studies assessing insulin
resistance in African Americans and

Caucasians have shown conflicting re-
sults, with some studies suggesting worse
(15–17) versus similar (18,19) insulin re-
sistance among African Americans. These
discrepancies could potentially be ex-
plained by different clinical characteris-
tics of the patients studied or differences
in dietary compositionor physical activity,
which were not assessed in the current
study. When the focus has been on pa-
tients with obesity and/or T2DM (i.e.,
insulin-resistant patients), there has
been no difference between ethnic
groups (18), whereas those studies in-
cluding relatively healthy individuals
(i.e., more insulin-sensitive patients) ob-
servedworse insulin resistance amongAf-
rican Americans when compared with
Caucasians (15). In accordance with these
prior findings, we also observed that
amongpatientswith a diagnosis ofNAFLD
(i.e., insulin-resistant patients), both eth-
nic groups showed similar insulin resis-
tance. However, worse insulin resistance
was present in African American com-
pared with Caucasian patients among
those without a diagnosis of NAFLD (i.e.,
more insulin-sensitive patients) (Fig. 2).
Similarly, in the study by Healy et al.
(20), modestly severe obesity attenuated
the ethnic differences in insulin sensitivity.
Of note, when African American and Cauca-
sian patients were matched for adiposity,
insulin sensitivitywas also similar between
ethnic groups (19). This is important as
insulin sensitivity appears to be associ-
ated with worse liver histology in NASH,
although the mechanisms of this associa-
tion are unclear (21).

In accordance with prior reports
(15,22),wehave found thatAfricanAmer-
icans have lower plasma triglycerides
andhigher plasmaHDL-Cwhen compared
with Caucasians. We have recently pub-
lished that this dyslipidemic profile, char-
acterized by hypertriglyceridemia, low
HDL-C, high number of apolipoprotein B
(apoB) particles, and small LDL size, is typ-
ical of insulin-resistant states and NAFLD,
but it is not affected by the presence or
the severity of NASH (23). Results from
the current work have expanded on the
important role of ethnicity as a determi-
nant of the dyslipidemic profile irrespec-
tive of insulin resistance or hepatic
steatosis. When divided by presence or
absence of NAFLD, African American pa-
tients showed lower triglyceride levels
and higher HDL-C despite similar insulin
resistance and intrahepatic triglyceride

Figure 3—Histologic severity of steatosis (A), inflammation (B), ballooning (C), and fibrosis (D)
among patients with NASH based on ethnicity. Data are presented as mean 6 SEM. AA, African
American; Cauc, Caucasian.
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accumulation. This suggests that other
mechanisms may account for this more
benign dyslipidemic profile among Afri-
can Americans. For instance, genetic var-
iations affecting lipoprotein metabolism
may explain, at least in part, differences
observed between ethnic groups (24).
For example, single nucleotide polymor-
phisms in human hepatic lipase or lipo-
protein lipase have been described with
higher frequency amongAfricanAmerican
subjects (25,26). Genetic variations of
apoCI, apoCIII, and apoE have also been
reported in African American subjects
with different frequencies than in Cauca-
sian subjects (27,28). Also, previous stud-
ies have found that paraoxonase-1 (PON1)
is lower in African Americans compared
with Caucasians, suggesting potential
HDL-C dysfunction in this ethnic group (20).
In summary, we have shown in the cur-

rentwork that although African Americans
have a lower accumulation of intrahepatic
triglycerides, once they develop NAFLD,
NASHdevelops as frequently andwith sim-
ilar severity as observed in Caucasian pa-
tients.Moreover, we observed that insulin
resistancewas similar among ethnic groups,
and therefore it does not explain the differ-
ences in intrahepatic triglyceride content
observed between African Americans and
Caucasians. These findings are important
because they call for a paradigm shift in
our current clinical practice: African Ameri-
canpatientswithNAFLDshouldbescreened
for NASHwith the samedegree of suspicion
as in Caucasians. Larger, prospective studies
aremuch needed to confirm these findings.

Funding. This study was supported by the Bur-
roughs Wellcome Fund (K.C.), the American Diabe-
tes Association (1-08-CR-08 and 7-13-CE-10-BR to
K.C.), and the U.S. Department of Veterans Affairs
(VA Merit Award 1 I01 CX000167-01 to K.C.).
The contents of this article do not reflect the

views of the U.S. Department of Veterans Affairs
or the U.S. government.
Duality of Interest. No potential conflicts of in-
terest relevant to this article were reported.
Author Contributions. F.B. recruited and fol-
lowed up with patients; acquired, analyzed, and
interpreted data; performed statistical analysis;
andwrote, edited, and reviewedthemanuscript.
P.P.-S. recruited and followed up with patients
and acquired data. I-C.L. analyzed and inter-
preted data andwrote, edited, and reviewed the
manuscript. S.K. and K.D. acquired data and
revised the manuscript. K.C. recruited and fol-
lowed up with patients; acquired, analyzed, and
interpreted data; critically revised the manu-
script; andobtained funding.F.B. andK.C.are the
guarantors of this work and, as such, had full
access to all the data in the study and take

responsibility for the integrityof thedataand the
accuracy of the data analysis.

References
1. Chalasani N, Younossi Z, Lavine JE, et al.; Amer-
ican Gastroenterological Association; American
Association for the Study of Liver Diseases; Amer-
ican College of Gastroenterologyh. The diagnosis
and management of non-alcoholic fatty liver dis-
ease: practice guideline by the American Gastro-
enterological Association, American Association
for the Study of Liver Diseases, and American Col-
lege of Gastroenterology. Gastroenterology 2012;
142:1592–1609
2. European Association for the Study of the Liver
(EASL); European Association for the Study of Di-
abetes (EASD); European Association for the
Study of Obesity (EASO). EASL-EASD-EASO Clinical
Practice Guidelines for the management of non-
alcoholic fatty liver disease. Diabetologia 2016;59:
1121–1140
3. Browning JD, Szczepaniak LS, Dobbins R, et al.
Prevalence of hepatic steatosis in an urban pop-
ulation in the United States: impact of ethnicity.
Hepatology 2004;40:1387–1395
4. Lazo M, Hernaez R, Eberhardt MS, et al. Prev-
alence of nonalcoholic fatty liver disease in the
United States: the Third National Health and
Nutrition Examination Survey, 1988-1994. Am J
Epidemiol 2013;178:38–45
5. Williams CD, Stengel J, Asike MI, et al. Preva-
lence of nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis among a largely
middle-aged population utilizing ultrasound
and liver biopsy: a prospective study. Gastroen-
terology 2011;140:124–131
6. Solga SF, Clark JM, Alkhuraishi AR, et al. Race
and comorbid factors predict nonalcoholic fatty
liver disease histopathology in severely obese pa-
tients. Surg Obes Relat Dis 2005;1:6–11
7. Kallwitz ER, Guzman G, TenCate V, et al. The
histologic spectrum of liver disease in African-
American, non-Hispanic white, and Hispanic obe-
sity surgery patients. Am J Gastroenterol 2009;
104:64–69
8. Bril F, Barb D, Portillo-Sanchez P, et al. Meta-
bolic and histological implications of intrahepatic
triglyceride content in nonalcoholic fatty liver dis-
ease. Hepatology 2017;65:1132–1144
9. Bril F, Ortiz-Lopez C, Lomonaco R, et al. Clinical
value of liver ultrasound for the diagnosis of non-
alcoholic fatty liver disease in overweight and
obese patients. Liver Int 2015;35:2139–2146
10. Sanyal AJ, Brunt EM, Kleiner DE, et al. End-
points and clinical trial design for nonalcoholic
steatohepatitis. Hepatology 2011;54:344–353
11. Lomonaco R, Ortiz-Lopez C, Orsak B, et al.
Role of ethnicity in overweight and obese patients
with nonalcoholic steatohepatitis. Hepatology
2011;54:837–845
12. Bambha K, Belt P, Abraham M, et al.; Non-
alcoholic Steatohepatitis Clinical Research Network
Research Group. Ethnicity and nonalcoholic fatty
liver disease. Hepatology 2012;55:769–780
13. Setiawan VW, Stram DO, Porcel J, Lu SC, Le
Marchand L, Noureddin M. Prevalence of chronic
liver disease and cirrhosis by underlying cause in
understudied ethnic groups: the Multiethnic Co-
hort. Hepatology 2016;64:1969–1977
14. Lomonaco R, Ortiz-Lopez C, Orsak B, et al.
Effect of adipose tissue insulin resistance on met-
abolic parameters and liver histology in obese

patients with nonalcoholic fatty liver disease.
Hepatology 2012;55:1389–1397
15. Guerrero R, Vega GL, Grundy SM, Browning
JD. Ethnic differences in hepatic steatosis: an in-
sulin resistance paradox? Hepatology 2009;49:
791–801
16. Kodama K, Tojjar D, Yamada S, Toda K, Patel
CJ, Butte AJ. Ethnic differences in the relationship
between insulin sensitivity and insulin response: a
systematic review and meta-analysis. Diabetes
Care 2013;36:1789–1796
17. Ellis AC, Alvarez JA, Granger WM, Ovalle F,
Gower BA. Ethnic differences in glucose disposal,
hepatic insulin sensitivity, and endogenous glucose
production among African American and European
American women. Metabolism 2012;61:634–640
18. Goedecke JH, Keswell D, Weinreich C, et al.
Ethnic differences in hepatic and systemic insulin
sensitivity and their associated determinants in
obese black and white South African women. Dia-
betologia 2015;58:2647–2652
19. Stefan N, Stumvoll M, Weyer C, Bogardus
C, Tataranni PA, Pratley RE. Exaggerated insulin
secretion in Pima Indians and African-Americans
but higher insulin resistance in Pima Indians
compared to African-Americans and Cauca-
sians. Diabet Med 2004;21:1090–1095
20. Healy SJ, Osei K, Gaillard T. Comparative
study of glucose homeostasis, lipids and
lipoproteins, HDL functionality, and cardiometa-
bolic parameters in modestly severely obese
African Americans and white Americans with
prediabetes: implications for the metabolic
paradoxes. Diabetes Care 2015;38:228–235
21. Lomonaco R, Bril F, Portillo-Sanchez P, et al.
Metabolic impact of nonalcoholic steato hepati-
tis in obese patients with type 2 diabetes. Diabe-
tes Care 2016;39:632–638
22. Sumner AE, Finley KB, Genovese DJ, Criqui
MH, Boston RC. Fasting triglyceride and the
triglyceride-HDL cholesterol ratio are not markers
of insulin resistance in African Americans. Arch
Intern Med 2005;165:1395–1400
23. Bril F, Sninsky JJ, Baca AM, et al. Hepatic stea-
tosis and insulin resistance, but not steatohepatitis,
promote atherogenic dyslipidemia in NAFLD. J Clin
Endocrinol Metab 2016;101:644–652
24. Deo RC, Reich D, Tandon A, et al. Genetic dif-
ferences between the determinants of lipid profile
phenotypes in African and European Americans: the
JacksonHeart Study. PLoS Genet 2009;5:e1000342
25. Chen W, Srinivasan SR, Boerwinkle E,
Berenson GS; Bogalusa Heart Study. Hepatic
lipase promoter C-514T polymorphism influences
serial changes in HDL cholesterol levels since
childhood: the Bogalusa Heart Study. Atheroscle-
rosis 2003;169:175–182
26. TalmudPJ,Hall S, Holleran S, RamakrishnanR,
Ginsberg HN, Humphries SE. LPL promoter -93T/G
transition influences fasting and postprandial
plasma triglycerides response inAfrican-Americans
and Hispanics. J Lipid Res 1998;39:1189–1196
27. Anuurad E, Yamasaki M, Shachter N, Pearson
TA, Berglund L. ApoE and ApoC-I polymorphisms:
association of genotype with cardiovascular dis-
ease phenotype in African Americans. J Lipid Res
2009;50:1472–1478
28. Waterworth DM, Talmud PJ, Humphries SE,
et al. Variable effects of the APOC3-482C .
T variant on insulin, glucose and triglyceride con-
centrations indifferent ethnic groups. Diabetologia
2001;44:245–248

192 NASH in African Americans Diabetes Care Volume 41, January 2018


