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Protective effect of black relative to white race against non-
alcoholic fatty liver disease in patients with severe obesity,
independent of type 2 diabetes
MG Browning1, J Khoraki2, JH DeAntonio2, G Mazzini2, MJ Mangino2, MS Siddiqui3, LG Wolfe2 and GM Campos2

Severe obesity (body mass index ⩾ 35 kg m− 2) and type 2 diabetes (T2D) are potent and additive risk factors for non-alcoholic fatty
liver disease (NAFLD), including non-alcoholic steatohepatitis (NASH). Scant available evidence indicates that black relative to white
patients with severe obesity are less susceptible to NAFLD, but it is unclear if T2D abolishes this apparent racial disparity. Therefore,
we compared biopsy-proven NAFLD and its progression between black (n= 71) and white (n= 155) patients with severe obesity
stratified by presence or absence of T2D. Although prevalence of T2D was similar between races (37%, P40.9), whites were
significantly more likely than blacks to have NAFLD, NASH and advanced fibrosis (defined as bridging fibrosis and/or cirrhosis).
Importantly, T2D was associated with increased odds of NAFLD, NASH and advanced fibrosis (defined as bridging fibrosis or
cirrhosis) in whites only (Po0.05). In turn, a higher proportion of blacks than whites with T2D were free of NAFLD (58 versus 22%,
Po0.01). These preliminary findings question translation of the powerful interconnection between T2D and NAFLD in whites with
severe obesity to blacks and point to an important role of race in the pathophysiology and treatment of these diseases.
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INTRODUCTION
In the United States, the prevalence of severe obesity (BMI
⩾ 35 kg m− 2) increased by 300% over the last half century.1,2 In
severe obesity, hypertrophic adipose tissue resists insulin-
mediated glucose uptake and suppression of lipolysis, contribut-
ing to hyperglycemia and an increased reliance on hepatic lipid
storage. These changes broadly highlight the overlap in patho-
physiology of severe obesity, type 2 diabetes (T2D) and non-
alcoholic fatty liver disease (NAFLD), a spectrum of conditions
related to hepatic steatosis ⩾ 5% with or without related injury.
Relative to normal body weight, severe obesity is associated with
three-fold higher risks of T2D and NAFLD,3–5 and many individuals
with severe obesity develop both T2D and NAFLD.
Importantly, T2D potentiates progression from benign steatosis

to non-alcoholic steatohepatitis (NASH),6 a clinically aggressive
variant of NAFLD and leading cause for liver transplantation.7

Similarly, T2D strongly correlated with NAFLD-related fibrosis in
patients with severe obesity who underwent liver biopsy during
bariatric surgery,8 and NAFLD may also intensify T2D
complications.9 In this regard, projected increases in the number
of Americans with severe obesity who will develop T2D3 under-
score the importance of identifying patients in this high-risk
population who are most susceptible to coexistent NAFLD.
Notably, most reports of strong interconnections between T2D
and NAFLD and its progression in patients with severe obesity
come from predominantly white bariatric surgery populations.6

However, we10 and others11,12 have shown that presence of
NAFLD, NASH and fibrosis according to intra-operative liver
biopsies was significantly higher in white relative to black patients,

despite no between-race differences in T2D prevalence. However,
it remains unclear whether the protective effect of black race
against NAFLD in patients with severe obesity is conserved in the
presence of T2D. We addressed this knowledge gap by comparing
biopsy-proven NAFLD, NASH and fibrosis between black and
white patients with severe obesity stratified according to the
presence or absence of T2D.

METHODS
Participants were 226 adults (aged ⩾ 18 years) who were selected
for bariatric surgery at Virginia Commonwealth University (VCU)
and provided written consent to undergo intra-operative needle
liver biopsy. Our standard intake questionnaire includes separate
questions for race and ethnicity. Only patients who identified as
white (n= 155) or black (n= 71) and non-Hispanic were included.
All patients received the same pre-operative instructions and met
the National Institutes of Health (NIH)13 and VCU Bariatric Surgery
Program criteria to undergo surgery. Exclusion criteria included
liver disease other than NAFLD, alcohol consumption 430 g
per day in males or 420 g per day in females and history of prior
bariatric surgery. We defined T2D based on prior diagnosis,
current use of medications for glycemic control, fasting blood
glucose concentrations ⩾ 126 mg dl− 1, or a hemoglobin A1c value
⩾ 6.5%. The VCU Institutional Review Board approved this study.
A blinded histopathologist with expertise in NAFLD recorded

grades of steatosis (0–3), lobular inflammation (0–3) and
cytological ballooning (0–2), as proposed by the NASH Clinical
Research Network (NASH CRN).14,15 Diagnosis of NASH was based
on steatosis grade ⩾ 1 with both ballooning and lobular
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inflammation. Fibrosis scores 42 (bridging fibrosis or cirrhosis)
were considered advanced fibrosis.

Statistical analyses
Paired samples t-tests and χ2 tests (or Fisher’s exact tests) were
used to compare continuous and discrete variables, respectively,
between and within races according to T2D status. Odds ratios
(OR) and 95% confidence intervals (CI) were calculated from the χ2

analyses. A Mantel–Haenszel test was used to examine the
associations between race and NAFLD while controlling for T2D
status. We used forced-entry multiple logistic regression to
evaluate the influence of race and T2D on NAFLD, while
controlling for age, sex and BMI. All analyses were performed
using SPSS Version 24.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
As expected, white relative to black race was associated with
increased odds of NAFLD (OR: 3.2, 95% CI: 1.8–5.7, Po0.01) and
NASH (OR: 4.8, 95% CI: 1.4–16.3, Po0.01), despite similar T2D
prevalence (37%) between races (Table 1). Of the 120 patients
with NAFLD, 47% of whites and 46% of blacks had T2D (P40.9).
Nevertheless, whites were significantly more likely than blacks to
have T2D with coexistent NAFLD (29% versus 15%, χ2 = 10.05,
Po0.01) and NASH (10% versus 1%, χ2 = 6.27, P= 0.01). Interest-
ingly, 12 (67%) of the 18 whites but none of the 6 blacks with T2D
who required insulin had NAFLD (Po0.01).

We compared liver histology within and between black and
white patients stratified by T2D status (Table 2). Whites were
significantly more likely than blacks to have NAFLD in both the
absence of T2D (OR: 2.73, 95% CI: 1.28–5.82, Po0.01) and when
T2D was diagnosed (OR: 4.72, 95% CI: 1.75–12.74, Po0.01).
Mantel–Haenszel test results confirmed the protective effect of
black race against NAFLD, independent of T2D status (χ2 = 9.42,
Po0.01). Accordingly, T2D was associated with significantly
higher odds of NAFLD (OR: 3.12, 95% CI: 1.50–6.51, Po0.01) in
whites but not blacks (OR: 1.80, 95% CI: 0.66–4.96, P= 0.25).
Similarly, T2D increased the likelihood of NASH and advanced
fibrosis in white patients only (Po0.01). In a multiple logistic
regression model that included age, sex, BMI, race and T2D status
as independent variables, only white race (OR: 3.13, 95% CI: 1.65–
5.94, Po0.01) followed by T2D (OR: 2.39, 95% CI: 1.29–4.44,
Po0.01) were significant predictors of NAFLD. Despite the
apparently stronger association between T2D and NAFLD in
whites than blacks, the relatively low total number of black
patients in this study may have limited our ability to detect an
interaction between T2D and race (P= 0.35).

DISCUSSION
The key, novel finding reported here is that black race confers
protection against NAFLD, NASH and advanced fibrosis in patients
with severe obesity, independently of T2D. Indeed, the prevalence
of NAFLD was similar between black patients with T2D (42%) and
white patients without T2D (53%). Past observations that T2D

Table 1. Demographic, clinical and histological variables in black and white patients with severe obesity

All subjects (n= 226) White (n= 155) Black (n=71) P-valuea

Demographic
Age (years) 43.4 (11.5) 44.8 (11.8) 40.3 (10.0) 0.005
Female sex 189 (83.6%) 125 (80.6%) 64 (90.1%) 0.083
White race 155 (68.6%) — — —

Medicaid Insurance 14 (6.2%) 4 (2.6%) 10 (14.1%) 0.002

Clinical
BMI (kg m− 2) 46.8 (6.7) 45.8 (6.3) 49.0 (7.1) 0.001
BMI group 0.002
35–39.99 kg m− 2 35 (15.5%) 27 (17.4%) 8 (11.3%)
40–49.99 kg m− 2 125 (55.3%) 94 (60.6%) 31 (43.7%)
⩾ 50 kg m− 2 66 (29.2%) 34 (21.9%) 32 (45.1%)

Hypercholesterolemiab 100 (45.7%) 72 (46.5%) 28 (39.4%) 0.313
Hypertension 135 (59.7%) 90 (58.1%) 45 (63.4%) 0.469
Type 2 diabetes 84 (37.2%) 58 (37.4%) 26 (36.6%) 40.99
Insulin use 24 (10.6%) 18 (11.6%) 6 (8.5%) 0.754

Histological
NAFLD 120 (53.1%) 96 (61.9%) 24 (33.8%) o0.001
Steatosis Grade 0.001
0 (o5%) 106 (46.9%) 59 (38.1%) 47 (66.2%)
1 (5–33%) 82 (36.3%) 64 (41.3%) 18 (25.4%)
2 (33–66%) 27 (11.9%) 22 (14.2%) 5 (7.0%)
3 (4 66%) 11 (4.9%) 10 (6.5%) 1 (1.4%)

NASH 30 (13.3%) 27 (17.4%) 3 (4.2%) 0.006
Any fibrosis 79 (35.0%) 62 (40.0%) 17 (23.9%) 0.024
0 147 (65.0%) 93 (60.0%) 54 (76.1%)
1 57 (25.2%) 42 (27.1%) 15 (21.1%)
2 7 (3.1%) 6 (3.9%) 1 (1.4%)
3 10 (4.4%) 9 (5.8%) 1 (1.4%)
4 5 (2.2% 5 (3.2%) 0

Advanced fibrosis 15 (6.6%) 14 (9.0%) 1 (1.4%) 0.041
Glycogenated nuclei 65 (28.8%) 59 (38.1%) 6 (8.5%) o0.001
Iron 43 (19.0%) 35 (22.6%) 8 (11.3%) 0.046
Cirrhosis 5 (2.2%) 5 (3.2%) 0 0.183

Data are described as mean (standard deviation) or n (%). Abbreviations: BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis. aP-values are for between-race comparisons. bCholesterol laboratory results were available for 219 patients (149 whites, 70 blacks).
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compounds the risk of NAFLD in severe obesity come from
predominantly white (80–100%) bariatric surgery cohorts.6 In
contrast, our racially diverse (o70% white) study population
includes one of the largest reported samples of black bariatric
surgery patients who underwent liver biopsy. We show here that
T2D markedly increased the odds of NAFLD, NASH and advanced
fibrosis in white patients only, while liver histology did not differ
between black patients with and without T2D.
Since T2D and NAFLD often present in tandem, clinicians are

encouraged to use aggressive screening and treatment
strategies16 that may be particularly targeted at high-risk patients
with severe obesity. In this regard, the two-fold higher proportion
of whites than blacks with coexistent NAFLD and T2D (29% versus
15%) may have important implications for resource allocation, as
blacks are more likely than whites to have both severe obesity2

and T2D.17 However, T2D did not differ between races in our study
or the few others that compared liver histology between black
and white bariatric surgery patients,11,12 while whites relative to
blacks in our study were also more likely to have NAFLD and/or
T2D at a lower BMI. This preliminary evidence of a stronger
association between T2D and NAFLD in white than black patients
with severe obesity may reflect underlying racial differences in the
shared pathophysiology of these diseases.
Whereas the liver acts as a primary storage site for fatty acids

released from insulin-resistant adipose tissue in whites, the liver
shares this role with skeletal muscle in blacks.18 From this, two
possible models emerge for integrating racial differences in
ectopic lipid partitioning into the time course for NAFLD and T2D
development in patients with severe obesity. The first scenario
describes a ‘liver outward’ pathogenesis of NAFLD and T2D in
both races, wherein hepatic fat accumulation acts as the catalyst
to deteriorating insulin sensitivity and subsequent pancreatic
β-cell dysfunction. In support of this model, blacks develop greater
hepatic insulin resistance than whites at a given degree of
steatosis.18 If insulin sensitivity declines in blacks even with liver

fat content o5%, this could explain why most black patients with
T2D had a higher BMI but remained free of NAFLD. In an
alternative model, blacks compared to whites demonstrate lower
insulin-mediated suppression of adipose tissue and an increased
reliance on skeletal muscle lipid storage that leads to worsening
insulin resistance18–20 and precipitates T2D in a ‘periphery inward’
fashion. Assuming that insulin administration equally suppresses
fatty acid trafficking to skeletal muscle and the liver, racial
differences in hepatic versus muscle lipid partitioning could
explain why 67% of whites but no blacks with insulin-dependent
T2D had NAFLD. We are now working to understand how gene
polymorphisms (for example, PNPLA3 I148M and TM6SF2 E167K)
and transcriptional control of liver metabolism might contribute to
racial disparities in the association between T2D and NAFLD.
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