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Abstract

Background & Aims—Non-alcoholic fatty liver disease (NAFLD) is the most common chronic
liver disease in the United States, affecting 75-100 million Americans. However, the disease
burden may not be equally distributed among races or ethnicities. We conducted a systematic
review and meta-analysis to characterize racial and ethnic disparities in NAFLD prevalence,
severity, and prognosis.

Methods—We searched MEDLINE, EMBASE, and Cochrane databases through August 2016
for studies that reported NAFLD prevalence in population-based or high-risk cohorts, NAFLD
severity including presence of nonalcoholic steatohepatitis (NASH) and significant fibrosis, and
NAFLD prognosis including development of cirrhosis complications and mortality. Pooled relative
risks, according to race and ethnicity, were calculated for each outcome using the DerSimonian
and Laird method for a random-effects model.
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Results—We identified 34 studies comprising 368,569 unique patients that characterized
disparities in NAFLD prevalence, severity, or prognosis. NAFLD prevalence was highest in
Hispanics, intermediate in Whites, and lowest in Blacks, although differences between groups
were smaller in high-risk cohorts (range 47.6%-55.5%) than population-based cohorts (range,
13.0%-22.9%). Among patients with NAFLD, risk of NASH was higher in Hispanics (relative
risk, 1.09; 95% ClI, 0.98-1.21) and lower in Blacks (relative risk, 0.72; 95% CI, 0.60-0.87) than
Whites. However, the proportion of patients with significant fibrosis did not significantly differ
among racial or ethnic groups. Data were limited and discordant on racial or ethnic disparities in
outcomes of patients with NAFLD.

Conclusion—In a systematic review and meta-analysis, we found significant racial and ethnic
disparities in NAFLD prevalence and severity in the United States, with the highest burden in
Hispanics and lowest burden in Blacks. However, data are discordant on racial or ethnic
differences in outcomes of patients with NAFLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD), the hepatic manifestation of the metabolic
syndrome, is the most common chronic liver disease in the U.S., affecting up to 100 million
Americansl. NAFLD encompasses a spectrum of disease, including simple steatosis,
nonalcoholic steatohepatitis (NASH), and NASH-related cirrhosis. Over one-third of
children and adults in the U.S. are obese and over 20 million Americans are diabetic,
resulting in a large at-risk population for NAFLD.2 Approximately 2-5% of patients with
NAFLD will progress to NASH, among whom a subset will develop cirrhosis and cirrhosis-
related complications including hepatocellular carcinoma (HCC).3

Prior studies have suggested Hispanics may have disproportionately higher and Blacks may
have lower NAFLD prevalence and severity compared to non-Hispanic Whites* 5,
Additionally, NAFLD is increasingly being recognized in Asian patients, even at “normal”
BMI values.8 However, the magnitude of these disparities is currently poorly characterized,
as prior studies have been underpowered. Further, most studies evaluated NAFLD
prevalence, severity or prognosis, with no studies evaluating disparities across the entire
NAFLD spectrum. Racial/ethnic disparities in NAFLD prevalence and severity can be
multifactorial, driven not only by genetic and environmental factors but also socioeconomic
status and differential access to health care. Further these influences may differ in
significance along the NAFLD spectrum, with some influences playing a central role in
NAFLD development and others being more important for disease progression or NAFLD
prognosis. Having a better understanding of what disparities exist and their magnitude is the
first step to identifying contributing factors and reducing disparities through targeted
interventions. Thus, the aim of this meta-analysis was to characterize racial/ethnic disparities
in NAFLD prevalence, disease severity, and prognosis among patients in the U.S.
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arch strategy

We searched Ovid MEDLINE, Ovid MEDLINE In-Process, Ovid EMBASE, and the
Cochrane Library from inception to August 2, 2016 using search terms described in
Supplemental Methods. A manual search of references from relevant articles was performed
to identify publications missed by search terms. A manual search of American Association
for the Study of Liver Diseases (AASLD), European Association for the Study of the Liver,
Digestive Diseases Week, and American College of Gastroenterology meeting abstracts
from 2014-2016 was performed. The study was conducted in accordance with Preferred
Reporting Items for Systematic Review and Meta-analysis (PRISMA) guidelines’.

iteria

Included studies met the following criteria: 1) cohort, cross-sectional, or case-control trials
including original data characterizing NAFLD-related racial/ethnic disparities among adult
patients in the U.S., 2) NAFLD diagnosed using biochemical, radiologic, or histologic
criteria per AASLD guidelines, and 3) reported at least one of the following: NAFLD
prevalence, severity, or prognosis. We excluded studies that: 1) did not stratify NAFLD
prevalence, severity, or prognosis by race/ethnicity, 2) had insufficient data to determine
necessary denominator for prevalence or severity, or 3) included patients with other causes
of hepatic steatosis (e.g. alcoholic liver disease, medication-induced, or HIV infection).
Additional exclusion criteria included: 1) lack of original data (e.g. commentaries, review
articles), 2) non-human studies; 3) incomplete data, and 4) non-English language. For
studies with overlapping cohorts, articles with the most contemporary cohort or complete
data were selected.

Study Selection and Data Extraction

Studies were screened and reviewed in a collaborative, multi-step process. After removing
duplicates, two investigators (N.R. and S.0.) independently reviewed publications identified
by the search strategy. Articles were screened based on title and abstract for relevance,
followed by full text review to assess for inclusion. Disagreements between authors were
resolved by discussion with a third reviewer (A.S.). Using standardized forms, two authors
(N.R. and S.0.) independently extracted data including patient demographics (including
race/ethnicity), method of NAFLD diagnosis, NAFLD prevalence, NAFLD severity, and
NAFLD prognosis outcomes (including liver-related and all-cause mortality). Study quality
was assessed using a modified checklist based upon the NIH Quality Assessment Tool for
Observational Cohort and Cross-sectional Studies, which rates observational studies on a 14-
point scale based on study sample appropriateness, comparability of study groups, and
adequacy of assessing exposure and outcomes.

Data Synthesis and Statistical Analysis

For each study, a risk ratio for each study outcome of interest was calculated according to
race/ethnicity (White vs. Black and White vs. Hispanic). Data for other racial/ethnic groups,
e.g. Asians, were limited by small sample sizes and not included in analyses. We first
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evaluated NAFLD prevalence in population-based and high-risk cohorts. Cohorts were
deemed high-risk if they predominantly included patients with obesity (e.g., patients
undergoing bariatric surgery), diabetes, or history of chronic liver disease. We next evaluated
NAFLD severity, as assessed by two measures: 1) presence of NASH, the progressive form
of NAFLD that can lead to cirrhosis and cirrhosis-related complications, and 2) presence of
advanced (stage F3—F4) fibrosis. Although some studies reported components of NAFLD
activity score (NAS) including degree of inflammation and steatosis, an insufficient number
reported racial/ethnic differences in composite NAS to include as a severity measure.
Finally, we evaluated NAFLD prognosis, including liver-related and all-cause mortality.
Association between NAFLD and cardiovascular outcomes has been described elsewhere
and not evaluated in this study®.

For each study outcome of interest, point estimates and 95% confidence intervals were
calculated using the adjusted Wald method. We calculated pooled risk ratio estimates for
NAFLD prevalence and severity using the DerSimonian and Laird method for a random
effects model. Heterogeneity was evaluated graphically by examining forest plots and
statistically using the inconsistency index (12 statistic). 12 values >75% are consistent with
high heterogeneity, and values between 50-75% are considered moderate heterogeneity.
When there were concerns for heterogeneity, sensitivity analyses, in which one study was
removed at a time, were performed to evaluate for undue influence of a single study.
Publication bias was evaluated graphically by funnel plot analysis and statistically using
Egger’s test. An asymmetric funnel plot suggests possibility of small studies not being
published. All data analysis was performed using Stata 14.2 (StataCorp, College Station,
TX, USA).

RESULTS

Literature Search

The search strategy yielded 7,921 potentially relevant citations. After removing 1,893
duplicate citations there were 6,028 unique citations. After initial review, 2,428 titles met
inclusion criteria, and abstracts were reviewed. Of 351 publications that underwent full text
review, 46 met inclusion criteria. Fourteen studies contained overlapping data from
NHANES, so we selected the most inclusive studies representing patients from non-
overlapping NHANES cohorts (n=2)%10, We also excluded an additional study only
reporting prevalence for racial/ethnic minority patients but not Whites, as risk ratios
comparing minority populations to the index white population could not be calculated!?.
Searches of meeting abstracts yielded 3 abstracts with sufficient data for inclusion, and
recursive literature searches revealed 1 additional article meeting inclusion criteria, for a
total of 34 studies. Agreement between reviewers for final study inclusion exceeded 90%.
Supplemental Figure 1 represents a flow diagram depicting study selection.

Study Characteristics

We identified 34 studies, with a total of 368,569 patients, characterizing racial/ethnic
disparities in NAFLD prevalence, severity or prognosis. Studies had racial/ethnic diversity
including 216,501 (58.7%) Whites, 57,412 (15.6%) Blacks, 43,737 (11.9%) Hispanics, 10,
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100 (2.7%) Asians, and 40,819 (11.1%) “other” race/ethnicity. All included studies reported
races/ethnicities as mutually exclusive categories. Of included studies, 17 (n=350,076)
characterized disparities in NAFLD prevalence, 18 (n=16,083) in NAFLD severity, and 6
(n=15,187) reported disparities in NAFLD prognosis; seven studies reported disparities in
more than one study outcome. Six studies focused on White-Black disparities and did not
include data for Hispanics, while one study focused on White-Hispanic disparities and did
not include data for Blacks'2-18, Of NAFLD prevalence studies, 9 were conducted among
population-based cohorts and 8 were conducted in high-risk cohorts. Of NAFLD severity
studies, 10 evaluated presence of NASH and 11 characterized fibrosis staging. There were
fewer studies of NAFLD prognosis including two full publications and 4 meeting abstracts,
and reporting of outcomes was not standardized among available studies. We found no
evidence of publication bias for NAFLD prevalence or severity by Egger’s test (p>0.05 for
each) or funnel plot inspection.

NAFLD Prevalence in Population-Based Cohorts

Nine studies (n=343,393) assessed NAFLD prevalence in population-based cohorts (Table
1)9:10.12,1316.19-22 NAFLD diagnosis was determined by presence of steatosis on
ultrasound (n=3), steatosis per MR spectroscopy (n=2), steatosis on CT (n=2), elevated
aminotransferases alone (n=1), and ICD-9 codes (n=1). Four studies required exclusion of
other liver diseases to make a NAFLD diagnosis; however, only one required histologic
confirmation.2?

NAFLD prevalence ranged widely from 6.6% to 46.0% between studies, with a pooled
prevalence of 11.2% (95%CI 11.1-11.3%). Compared to Whites, Hispanics had higher risk
of NAFLD with a pooled RR of 1.36 (95% CI 1.08-1.73), and Blacks had lower risk of
NAFLD with a pooled RR of 0.68 (95%CI 0.54-0.84). There was significant heterogeneity
(12 >90%) in both comparisons; on visual inspection of Forest plots, the study by Reddy was
an outlier.20 This study was conducted among hospitalized patients and NAFLD diagnosis
was based on ICD-9 codes, which have low accuracy, so it was excluded in sensitivity
analyses. After removing this study, pooled NAFLD prevalence was 15.1% (95% CI 14.8—
15.5%). NAFLD prevalence was highest in Hispanics (22.9%, 95% CI 21.6-24.1%),
intermediate in Whites (14.4%, 95%CI 14.0-14.8%), and lowest in Blacks (13.0%, 95%ClI
12.2-13.9%). Compared to Whites, the pooled RR of NAFLD in Hispanics was 1.47 (95%
Cl 1.35-1.61), and 12 decreased to 41% (Figure 1A); the pooled RR of NAFLD in Blacks
compared to Whites was 0.74 (95% CI1 0.69-0.80), and 12 decreased to 0% (Figure 1B).

NAFLD Prevalence in High-Risk Cohorts

Eight studies (n=6,683) assessed NAFLD prevalence in high-risk cohorts (Table
1)14.15.17,18.23-26 NAFLD diagnosis was ascertained using intraoperative liver biopsy (n=5),
MR spectroscopy (n=2), and history/ICD-9 codes (n=1), with only one study requiring
histologic confirmation.

NAFLD prevalence ranged from 51.7% to 89.1%, with a pooled prevalence of 55.7% (95%
Cl 54.5-56.9%). NAFLD prevalence was 55.5% (95%CI 52.6-57.4%) among Whites,
48.8% (95%CI 46.3-51.3%) among Hispanics, and 47.6% (95%CI 44.2-51.1%) among
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Blacks. NAFLD prevalence among other races/ethnicities, including Asians, was evaluated
in few studies but appeared high at 62.9%. Risk of NAFLD in Hispanics among high-risk
patients was not significantly different than Whites, with a pooled RR of 1.10 (95% CI 0.96—
1.27), although there was moderate heterogeneity (12 >70%). Studies by Chen and Kallwitz
were outliers on visual inspection of Forest plots. There was not clinical heterogeneity
justifying exclusion of Chen; however, Kallwitz was the only study to use intraoperative
biopsy. On sensitivity analyses, we found a pooled RR of 1.26, 95%CI 1.09-1.46 (12 = 94%)
if the Chen study was excluded and a pooled RR of 1.16, 95%CI 1.03-1.33 (12 = 25%) if the
Kallwitz study was excluded (Figure 1A).

Blacks had lower risk of NAFLD than Whites in high-risk patients, with a pooled RR of
0.85 (95%CI 0.75-0.97). There was moderate heterogeneity (12 >50%) and studies by Bril
and Setiawan were outliers on visual inspection of Forest plots. Both studies used non-
invasive means to define NAFLD — MR spectroscopy and 1ICD-9 codes, respectively —
whereas remaining studies used liver biopsy. On sensitivity analysis removing all 3 studies
defining NAFLD non-invasively, the pooled RR was 0.78 (95%CI 0.67-0.91), and 12
decreased to 47% (Figure 1B).

NAFLD Severity

Eighteen studies (n=16,083) addressed racial/ethnic differences in NAFLD severity (Table
2)10.14,18,22,23.27-39 Among 10 studies that evaluated presence of NASH among NAFLD
patients, pooled NASH prevalence was 31.4% (95%CI 30.1-32.7%). NASH prevalence was
highest in Hispanics (45.4%, 95% CI 40.7-50.2%), intermediate in Whites (32.2%, 95% CI
30.7-33.7%), and lowest in Blacks (20.3%, 95% CI 16.8-24.2%). The pooled RR of NASH
in Hispanics compared to Whites was 1.24 (95%CI 1.02-1.52), with moderate heterogeneity
(12 >50%). The study by Bril was an outlier on visual inspection of Forest plots; however,
there was not clinical heterogeneity justifying exclusion. The study by Younossi did not
appear to be an outlier but was the only study to define NASH using liver enzymes instead
of histology. On sensitivity analyses, we found a pooled RR of 1.30, 95%CI 1.05-1.63 (12 =
63%) if the study by Bril was excluded and pooled RR of 1.09, 95%Cl 0.98-1.21 (12 = 4%)
if the study by Younossi was excluded (Figure 2A). The pooled RR of NASH in Blacks
compared to Whites was 0.72 (95%CI 0.60-0.87), with minimal heterogeneity (12 <20%)
(Figure 2B).

Among 11 studies assessing stage of fibrosis, pooled proportion of NAFLD patients with
significant fibrosis (stage F3-F4) was 19.5% (95%CI 18.1-20.9%). Significant fibrosis
proportions were numerically highest in Whites (22.3%, 95% CI 20.5-24.2%) and Hispanics
(19.6%, 95% CI 16.0-23.0%) and lowest among Blacks (13.1%, 95% CI 8.9-18.2%);
however differences were not statistically significant (Whites vs. Blacks: RR of 1.10, 95%
Cl 1.00-1.22; Whites vs. Hispanics: RR 1.02, 95%CI 0.94-1.11).

NAFLD Prognosis

Six studies assessed racial/ethnic differences in prognosis among NAFLD patients (Table
3)30:40-44 A|| studies were retrospective and outcomes included progression to cirrhosis,
development of HCC, liver-related mortality, and all-cause mortality. Heterogeneity of
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outcomes precluded pooling of data. One study reported Hispanics had higher odds of
developing cirrhosis (OR 2.7, 95%CI 1.2-5.8) and HCC (OR 2.5, 95%CI 1.1-5.5) compared
to Whites, although another study found no significant difference in cirrhosis proportions
between Hispanics and Whites (6.7% vs. 5.6%, p=0.65). Studies on liver-related and all-
cause mortality also reported discordant results. Younossi and colleagues reported
significantly higher hazards of all-cause mortality among Blacks than Whites (HR 1.36,
95%CI 1.03-1.78) and lower hazards among other racial/ethnic minorities including
Hispanics compared to Whites (HR 0.65, 95%CI 0.43-0.96). In contrast, another study
reported non-significant higher hazards of liver-related and all-cause mortality among whites
than racial/ethnic minorities and another reported no differences in all-cause mortality
between racial/ethnic groups.

Quality Assessment

Quality assessment of studies is provided in Table 4. Four studies had quality scores <5, 17
had a score of 5-7, and 13 studies had quality scores >7. Three of the four studies with
quality scores <5 were abstracts. Most studies had appropriate cohort selection, including
representativeness of the at-risk cohort. The most common limitation observed was cross-
sectional study design (270of 34 studies), which precluded the exposure being measured prior
to outcome, sufficient time frame, repeated measurements of the exposure over time, and
loss to follow-up reporting. Although outcomes were clearly defined and valid in most
studies, ascertainment method for those outcomes varied. Some studies used imaging
including ultrasound, CT, or MRI for NAFLD prevalence, whereas others used liver
enzymes, which have lower sensitivity for NAFLD ascertainment. Similarly, most studies
assessed NAFLD severity via histology although some studies used less reliable methods
such as imaging and/or liver enzymes. Finally, several studies used large administrative
databases, e.g. NHANES, which have inherent limitations, including missing or incomplete
data on diagnosis of NAFLD thus increasing risk of ascertainment bias.

DISCUSSION

While NAFLD prevalence varied widely among studies, particularly in population-based
cohorts, our systematic review highlights NAFLD is very common in the United States. We
found nearly 1 in 6 of all Americans and 1 in 2 high-risk individuals have NAFLD. NAFLD
prevalence appeared highest among Hispanics and lowest among Blacks, although
differences were less marked in high-risk cohorts than population-based cohorts. Among
patients with NAFLD, risk of NASH is greatest in Hispanics and lowest in Blacks; however,
the proportion with advanced fibrosis did not significantly differ between racial/ethnic
groups. Data are discordant regarding the presence of racial/ethnic disparities in NAFLD-
related prognosis such as progression to cirrhosis and/or mortality. To the best of our
knowledge, this is the first systematic review to quantify racial/ethnic differences in NAFLD
prevalence, severity, and prognosis. These data provide insight into where in the NAFLD-to-
NASH cirrhosis continuum disparities start to arise and suggest determinants of each step
may differ.
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Our findings reflect the wide variation in NAFLD prevalence among studies, particularly in
population-based cohorts, ranging from 6.6% to 46.0%. Prevalence appeared to depend on
method of NAFLD diagnosis, with highest prevalence reported in studies using ultrasound
or MR spectroscopy. As expected, NAFLD prevalence was higher in high-risk cohorts than
population-based cohorts, with approximately 50% of patients with obesity or diabetes
having NAFLD, independent of race/ethnicity. Despite variation in reported prevalences,
observed racial/ethnic disparities were fairly consistent across studies. The highest NAFLD
burden was evident among Hispanics, the fastest growing demographic in the United States.
Population-based studies suggest nearly 1 in 4 Hispanics have NAFLD compared to only
approximately 1 in 10 blacks. However, differences in prevalence were less marked in high-
risk cohorts, suggesting differences in prevalence may be, in part, driven by the differential
distribution of underlying risk factors including obesity and diabetes. These data are
important to consider when determining targets for NAFLD screening in the general
population and for determining pre-test likelihood of NAFLD in the differential diagnosis
for patients with aminotransferase elevations. Development and validation of accurate
predictive models, including factors such as age, race/ethnicity, and metabolic syndrome
features, may help target NAFLD screening to those at highest risk.

Among patients with NAFLD, nearly 30% had evidence of NASH and nearly 20% had
evidence of advanced fibrosis (stage F3—F4), underscoring the high potential for NAFLD-
related morbidity and need for effective treatment strategies. Currently, lifestyle
modifications remain the cornerstone of NASH therapy and while there are no currently
widely available pharmacologic therapies, a number of novel drugs are in development.
Given the widespread burden of NAFLD in the U.S., it may not be feasible to identify all at-
risk persons. It may be more cost-effective to concentrate efforts on identifying patients who
are most likely to develop adverse consequences of NASH (including cirrhosis, portal
hypertensive complications, and HCC) and those who would derive most benefit from early
preventative and therapeutic interventions. These patients would also need to be closely
monitored for development of cirrhosis, at which time measures such as HCC surveillance
and varices screening should be implemented.

It is unclear from current literature if NAFLD-related severity and prognosis differs between
racial/ethnic groups. Although Hispanic NAFLD patients were more likely to have NASH
than their counterparts, presence of advanced fibrosis did not differ between racial/ethnic
groups and data characterizing prognosis were discordant. These data highlight the need for
further research in areas of NASH severity and prognosis, as current data are sparse and
inconsistently reported.

Although several studies have described racial/ethnic and socioeconomic disparities, further
studies are needed to characterize precisely why these disparities exist. While NAFLD
disease burden is related to metabolic syndrome components such as obesity, diabetes, and
dyslipidemia, NAFLD risk extends beyond environmental factors. For example, diabetes and
obesity are both more common among Blacks compared to Whites; however, the latter group
has significantly higher risk of NAFLD?245, Cultural and socioeconomic factors are also
likely implicated including dietary and exercise habits, access to health care, and allostatic
load experienced by those living in poverty. Prior studies have demonstrated genetic risk
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factors play a large role in NAFLD. In particular, single nucleotide polymorphisms in
PNPLA3, TM6SF2and MBOAT have unequal distributions across races/ethnicities which
contributes to the observed differences in NAFLD prevalence*®-48, For instance, the 1148M
variant in PNPLASZ s strongly associated with hepatic fat content, and occurs most
frequently in Hispanics (49%) compared to non-Hispanic Whites (23%) and Blacks
(17%)*6. Additionally, recent studies have demonstrated polymorphisms in PNPLAZ are
frequent in Asian Indians with NAFLD, which is likely contributing to the increasing
prevalence of NAFLD in this population.#® Though genetic factors are clearly implicated,
further studies are needed to characterize the relative contribution of genetic and
environmental factors toward NAFLD pathogenesis to help inform risk stratification and
future prevention efforts. Additionally, it is possible mechanisms for NAFLD progression
differ from mechanisms that lead to development of NAFLD. Our study supports this
hypothesis, as racial/ethnic disparities are less apparent for NAFLD severity and prognosis
than prevalence, though the paucity of data on disparities in NAFLD prognosis should be
noted. Although some genetic factors such as polymorphisms in PNPLA3are also
associated with NAFLD severity and prognosis®?, it is unclear if this is true for other genetic
factors such as 7M6SF2 or environmental factors.

Studies in our meta-analysis have several inherent limitations given the complexity of racial/
ethnic health disparities. First, data on race and ethnicity is self-reported and may not be
collected reliably. Second, differences between racial groups may be difficult to interpret, as
there may be as much genetic heterogeneity within races as between races. One particular
challenge becoming more common over time is the classification of multi-ethnic individuals,
who are often forced into a single category. Finally, race and socioeconomic status are often
highly correlated, complicating interpretation of observed disparities in health outcomes.
Racial/ethnic differences in some health outcomes can be mitigated, or even disappear, if
adequately adjusting for socioeconomic status; however, this can often be difficult,
particularly for retrospective analyses. Additional limitations of the NAFLD-related
literature are worth acknowledging. First, most included studies in our analysis were cross-
sectional with limitations in study quality. There was also heterogeneity in method of
NAFLD diagnosis; some studies used liver histology or MR spectroscopy, while others used
ICD-9 codes and laboratory tests which may underestimate or overestimate NAFLD
prevalence. Additionally, while the NAFLD Activity Score (NAS) is the most accepted
measure of NASH severity, racial/ethnic differences in NAS scores were rarely reported.
Finally, there were little data on other underrepresented minority groups such as Asian/
Pacific Islanders and Native Americans.

While awaiting effective NAFLD chemoprevention and treatment, our meta-analysis
provides important data characterizing NAFLD disparities. Our study highlights NAFLD is
common in the U.S., with nearly 1 in 6 of all Americans and 1 in 2 high-risk individuals
having NAFLD. There are notable racial and ethnic disparities in NAFLD prevalence and
severity, with the highest burden in Hispanics and lowest in Blacks. Few studies have
evaluated racial/ethnic differences in NAFLD prognosis, with discordant results,
demonstrating the need for further research in this area. Studies are also needed to identify
determinants of NAFLD disparities, which would be the first crucial step to identify
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appropriate intervention targets to reduce racial/ethnic disparities and improve NAFLD
morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMI Body Mass Index
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Figure 1.

A. NAFLD prevalence among Hispanics vs. Whites in population-based and high-risk

cohorts

2.63

B. NAFLD prevalence among Blacks vs. Whites in population-based and high-risk cohorts
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Figure 2.

A. Presence of NASH and advanced fibrosis among patients with NAFLD for Hispanics vs.

Whites

B. Presence of NASH and advanced fibrosis among patients with NAFLD for Blacks vs.

Whites

141

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 February 01.



Page 18

Richetal.

859/ 6€Z / L9Y [%.15] 0662 ZrvT /609 /8YTT €816 $9p02 6-A0lI H0Y0D JIUYIRIINIAl ‘BAI308dS0N8Y | |eu0noss-ss0ID | ,9T0Z ‘Uemenss
vE/€L/S0T [%168] 212 9€/26/01T 8ee Asdoig Asabuns ssof wybrem | [euonoss-ssoid wB00Z ‘ZHMm|[e
BuroBiapun asaqQ ‘an11oadsold
0/5/82 [%.'v9] €€ 0/0T/1T¥ 18 Asdoig AKuabins aLiyerreq ButoBiapun | [eUOND3S-SS01D 165T0C "eloeD
uawom asagQ ‘aA11oadsold
0/6z/S8 [%z69] OTT 0/25/.0T 65T Asdoig A1abins ssof yBrem | [euonoss-ssoid 9e€70¢ A8100
Burobiapun asaqQ ‘an11oadsoid
v /2/€T (%9221 65 6v/G/22 9. Adooson0ads YN 80UeJ|0} 8500N|6 pairedwi | [BUONIBS-SSOID £v600C ‘U3YD
yum syuaied ‘sonagelq ‘anndadsoid -
velszlee [we9s] T2 T€/T€/TE €6 Adoosoaoads YN | sonagelp-aid/sonageIq ‘8AI08ds0ld | [euonass-ssold V102 '1Mag
(o1uedsiHpoe|g/81YM) 14N U [souajensid (o1uedsiHo®Ig/81YyM) U u sisoubelp @14vN 40 poylsiN u0yoo ubisag Apms ‘_oﬁs,q.w
1[e19n0] L
ai4vNu =
(340409 Xs14 yby) asusjensdo
GZTS / S29€ | ¥Svve [z TT] 99v8E | T6S'OV/06L'%G/0TS'00C | €6EEVE [exol’
06T /TTZ /S88T [%s12] 2Z6¥7C %9 / GTZT / /1888 ETQ'TT | sesessjsuenouiwe —/+ punosenin | y66T-886T SINVHN ‘9A108ds018Y | [eUON08S-SS0ID | 6;2TOZ ‘ISSouUNo,
Zv/€T/ 16 [%0'9v] TST 2L11€ 1502 8ee Asdoiq —/+ punosenin swaned jawsD | reuonoss-ssoo | 4,110 ‘swenim
1e2Ip3IN AWy 30019 ‘aA110ads0ld
652 / 8ET / 622 [%e 271 902 GG6 / €€CT / €0ST 8807 10 VS3N ‘ennnoadsonsy | [euonoss-ssosd oyGTOZ ‘UosIL
GETY / 86.2 / 9€502 [%L°0T] Lv€'2e | 6G2'9€ / 2ev'8Y / YTE'ELT | 9 6E'E0E $9p02 6-A0lI ajdwes | [euonoss-ssoid 6c€702 “Appays
juairedu] apimuoneN ‘en11adsoliay m
0/22/6ST [%9°9] 18T 0/90G/1eze lel't 10 Apmis | [euonoss-ssoid 662102 ‘ULIONS
eay Ajlwey |9 THN ‘aAndadsoliay B¢
G/0/8T [%L12] 92 8T/0/¥6 0zt Adoosonoads YN eluIojeD | [BUOND3S-SS0ID 165102 ,Eeoo._w
UJayINos Ul SUIm| ‘aA10adsold Y
0/LviLly [%e82] 76 0/7102/0€T T€E punosenn als | [euonoss-ssoid 26ETOZ ‘WIND
ueBIydIA ‘UoIeN 8yl SSOJIY YljeaH m
S, UBWOAN JO ApniS ‘aA110adsold g
08T /59¢ / 2ve [%2°0€] 289 TOV / SOTT / vEL ovee Adoosonoads YN Apms ueaH se|eq ‘aninoadsold | [euon8s-ssold | ge002 ,?_c;em_eﬁ
RS
YT/ TET/ LYTT [%9'6] 2821 2v22 1 1902 / 22VET 05581 seselajsuenoUILY [ 800Z-TO0Z SINVHN '8A03ds0nY | [eUONOBS-SSOID | ;1ZTOZ "UIPJBNIES
(o1uedsiHpoRIq/UYM) QTI4VYN U [eousensud (o1uedsiHpioRIq/8HYM) U u sisouBelp Q14N 40 POyl wuoyod | ubise@ Apms Jeap/doyny
11e4ano]
a’idvNu

(140409 palos|asuN) sous[eAsld

Author Manuscript

Author Manuscript

syuaied ‘s N Buowe aouajenald 14N Ul sanLedsip o1uyle/[e1des Buiziisioereyd salpns

T algeL

Author Manuscript

Author Manuscript



Page 19

Richetal.

pastroenterol Hepatol. Author manuscript; available in PMC 2019 February 01.

09L/ €0V / €€6 [%.°68] zeLe 8GGT / 9¥8 / G69T €899 _So._u/m
0/LT/6VT (%8281 991 0/92/€9T 68T Asdoig Aiafuns ssof JyBlam | euonass-ssoid £¢G00Z ‘ebjos
Burobiapun asaqQ ‘an11oadsoid
0/LT/%9 [%z98] 18 0/T2/€L 6 Asdorg A1abans sso Jybram | euonoss-ssosd | ,¢0T0Z ‘enouedals
Burobiapun asaqQ ‘an11oadsoid
(o1uedsiHpe|g/81YyM) 14N U [sousjenaad (o1uedsiHo®Ig/81IYyM) U u sisoubelp 14N 40 PoyIaN 14040D ubisa@ Apnis Jeap/doyiny

11edano]
a’dvN u

(3140409 palosjasuN) sous[eAsld

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 20

Richetal.

€T9TT S3SBJ9)SUBLIOUIUWE —/+ PUNOSEL|N 766T-886T SANVHN anoadsonay [eUO1399s-S501D) 62CTOT 'ISSOUNOA
8z¢ Asdoig AnsiBal g14wN 481U 81buls aA19adsold |BUOI1285-SS04D) 1 TTOZ ‘SWelIpm
[ Asdoig AnsiBal g14wN 481U 81buIs aA19adsold |BUOI1285-SS04D) g5GTOZ "BUIN
06 Asdoig Ansibal g14wN 481U a1buIs anndadsoney |BUOI128S-SS04D) 151702 ‘ueIgIoel
68T Asdoig A1abuns sso| ybram Bulobispun asaqo aA10adsold |eUOI108S-SS04D) ¢£G00Z ‘ebjos
L1 Asdoig (s1m1u80 2) AnsiBar @14vN aAnoadsoney Hoyod 936002 ‘buey
€8T Asdoig AnsiBal g14vN J91ua0 81buls annoadsold |BUO11935-SS01D) 5¢9T0Z ‘[91uswId
92T Asdoig HSWVN ‘Hoyod Jajusdnin annoadsold [eUO13935-S501D) 46200 ‘UOS|ON
8cz Asdoig ABojoyred uo ,S1S03e33S,, YIM S1d anndadsoliey |eUOI108S-SS04D) 66002 ‘AiueyolN
2sT Asdoig syused 8saqO anIvadsold [euoN28s-s5010 | ;5TTOZ ‘0JeUOWOT
8cz Asdoig A1abuns ssoj 3yBram Burobispun asaqo anndadsoney |BUOI108S-SS04D) 156002 ‘Zumjed
A4 Asdoig 191U89 31buIs 1 syuaed q14VN aA10adsold |eUOI108S-SS04D) 056002 ‘uressoH
09t ABojoisiy ‘Buibew| J191Ud9 31buIs e syuaed q14VN annoadsoiey 1104yod 9702 "BH
15 Asdoig USWIOM 2119GeIP-UoU ‘8s3g0 annoadsold [euO1193s-S501D) 165T0T ‘e10aeD
(Va7 Asdoig Ansibal g14wN 481U a1buIs aAdadsold |BUOI128S-SS04D) ¢E€T0Z ‘U1010D
002 Asdoig A1abuns ssoj yBram Burobispun asaqo aAdadsold |BUOI108S-SS04D) #8002 ‘sodwed
€6 Asdoiq ‘Adodsou10ads YN sonaqeIp-aid/sonagelq aAdadsold |BUOI128S-SS04D) V10T ‘g
9207 Asdoig NYO HSVN an2adsold [BUOI03S-55010) 2102 ‘eyquieg
u sisoufelp HSYN/AT4VN 40 POYIsN 10yo) an0adsoad/annoadsoiay | ubisaqg Apnis JeaA/doyIny

Author Manuscript

Author Manuscript

¢ dlqeL

Author Manuscript

syuaied 'S N Buowe A1ianss Q14N Ul SanLedsip J1uyls/el1oel Buiziialoeieyd saipnis

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 February 01.



Page 21

Richetal.

punosen|n 60.'9 Xapu| y1eaq [euoleN 01 s3]} payul]-Aijerow + 111 SINVHN aAvadsoney uoyo 20ETOZ '1SSOUNOA

Asdoig 969 Ansibal 1a1uad 8)buls annoadsoney Joyod 19GT0Z ‘dIA

Asdoig 682 (s181u89 2) saseqerep A14VN annoadsoey 1oyod 09€T0Z ‘enouedals

Asdoiq ‘Buibew 09 AnsiBal g14vN J81ua0 8)6uls annoadsoney 1oyod 9702 "BH
punosen|n €98'TT  AusIfay yreaq [euoneN o3 saji paxull-Aljenow + || SSNVHN aAvadsoney uoyoD or?T0Z ‘yena

Asdoiq ‘euaiud [eaIuND 929 Ansibal 18jusd a1buls anoadsonsy 1oyod 6sVTOC ‘UIIRIN 30
sisouBelp HSYN/AT4VN 40 PoyIsIN u 1oyod an10adsoad/annoadsoniay  ubiseg Apms Je3A doyiny

Author Manuscript

syuaned ‘s N Buowe sisouboid Q14N ul sanLedsip oluyls/fe1oes Buiziisioereyd saipns

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 February 01.



Page 22

HSVYN/AT4VN 8 * VN * * ou x VN ou ou ou * * x* x 2102 ‘eyqueg
HSVYN/AT4VN 8 * VN x x ou x VN ou ou ou x * * * 5002 ‘ebjos
HSVYN/AT4VvN 8 * VN * * ou x* VN ou ou ou * * x* x 6002 ‘Z1Mm|[ed
HSVYN/AT4VN 9 4N WN ou * ou * * ou ou ou » dN * * GT0Z ‘eloJeD
aidvN € * VN dN * ou  dUN WN ou ou ou YN dN ou ¥10z ‘1149
HSVYN/AT4VN L * VN dN x ou x VN ou ou ou * * * * TTOZ ‘SWelf|Im
HSVYN/AT14VvN L * VN * ou ou x VN ou ou ou * * x* x ZT0T ‘1SSOUNOA
passasse SalodINQ  94093S |[edsnO 142 €T 4% T 0T 6 8 L 9 S 14 € 4 T Jeak Uoyiny
saIpMS A114aA9S

HSVYN/AT4VN 8 * VN * x ou x VN ou ou ou x * * * 500z ‘ebjos
HSVYN/QT4VvN L 4N VN * * ou x VN ou ou ou * * * x 0T0Z ‘enouedals
aT4vN S ou VN VN * ou x VN ou ou ou x VN * * 9T0¢ ‘uemelss
HSVYN/AT14VvN 8 * VN * * ou x VN ou ou ou * * x* x 6002 ‘Z1Mm[[ed
HSVYN/AT4VN 9 4N WN ou * ou * * ou ou ou » dN * * GT0Z ‘eloJeD
HSVYN/AT4VvN 8 * VN * * ou x VN ou ou ou * * * * €10z K810
aT4vN 4 4N VN dN * ou x VN ou Ou ou ¥YN dN oOou ou 6002 ‘Uayo
aidvN € * x VN AN x dN VN ou ou ou YN dN ou * ¥T0C ‘114G
aT4vN 8 * VN * * ou x VN ou ou ou * * * * 2102 ‘YHoN
aT4vN g « VN ou ou ou YN OU Oou Oou ou YN @« 9« €702 ‘Appey
si1so1eals onedsH 8 * VN x x ou x VN ou ou ou * * * * €702 ‘WIM
aidvN L * VN dN * ou x VN ou ou * x VN * * GT0Z ‘Bqwio0T]
HSVYN/AT4VN L * VN dN x ou x VN ou ou ou * * * * TTOZ ‘sWelf|Iim
910H 9 4N VN dN * ou x VN ou ou ou * * x* x 00z ‘Butumolg

aT4vN 6 * VN * * ou * * ou ou ou x * * * GTOZ ‘uoslL
HSVYN/Q14dvN * VN * * ou x VN ou ou ou * * x* x ZT0C ‘1SSOUNOA

a14dwN 8 « VYN x « ou « OU ou ou ou x «  x % 2102 ‘oulpasig
Passesse SaWodINQ  340IS [[e49NO T €T 4% T 0T 6 8 L 9 S 14 € 4 T Jeak uoyiny
Sa1pN1S 8ous[eABId

Richetal.

S21pNIS papn|aul |e o) Juawssasse Allfend)

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 February 01.



Page 23

Ajuo 10e.150qR
7

‘paniodal 10N = YN ‘8]1qedijdde 10N = N L8O 18W Apnis ayi 1eyl sa1edipul () YS1alse uy :Aad]

Ajenow L 4N dN ou * ou x VWN * x ou * VWN * x €T0C ‘ISSOUNOA
2131090s-19A17 pue Aljeriow 213199ds-0BIpIeD ‘[eAIAINS |[RJ8AQ
uonejue|dsuel) JaAI] “ODH ‘SISOULID € + HdN UN dN dN  « VN dN dN Ou MN dN Ou #5702 ‘dIA
Allje1Iow asneo-||e pue pajejal-1ani 8 « dN dN « ou « VN x « ou « 4N  x  x €702 "erouedals
Anpenow asneo-||y 9 4N 4N dN + dN dN VN * x Ou x VN * * #¥10¢ ‘Uyena
uopelue|dsuell J8AI| ‘“OOH ‘SISOUID S * VN dN N ou  dUN WN * ou ou x dN * * #¥10¢ ‘luneN aa
Aljerow asnea-|[e *ODH ‘SISOUAID JO 9UBPIdUI BAIRINWIND Jedk-GT L YN ¥N  uN « ou « VN x « ou « dN  x  x #9702 "eH
passasse SaWooINQ  8409S [[edeAQ ¥T €T 2T TT 0T 6 8 / 9 g v e 7 1 Jeak Joyiny

S3IPNIS SBWO02INO

Richetal.

A11anas sisoiqiq 8 « VN % « ou « VN OuU ou « dUN % = GT0Z ‘BUJdA

Aianss HSYN 8 * VN * * ou x VN ou ou ou * * * * 1702 ‘velqiqel

[BAIAINS [[e13A0 L 4N ¥N  dN x OUu x VN x % Ou x AN o« o« 6002 ‘byey
HSVN-UOU/HSVN L * VN * * ou x VN ou ou ou * VN * * 9T0¢ ‘|91uswid

s1solquy Jo 88169 9 « VN ou « ou « VYN OouU ou ou « VUN % = 1002 ‘Uos|aN

Aianss HSYN L * VN * * ou x VN ou ou ou * VN * * 600z ‘AueyoN

(94095 2160]01S1Y) A1148NBS HSWN 9 ou W¥N * « ou « VYN Oou ou ou « N x x TTOZ ‘09eUOWOo]
s1solqy Jo saifaq / « VN x « ou « VN ou ou ou « ON % = 6002 ‘uressoH

Ajjenow asnes-|je ‘QJH ‘uonesuadwodsp ‘HSWN 03 uoissaifoid / 4N 4N ¥N « ou + VN * « ou « N  x 9702 ‘eH
s1sojeals Jo salfaq 9 « VN N « ou « VN OuU ou , ou YN x = €702 ‘U1g40D

HSVN 8 * VN * * ou x* VN ou ou ou * * * * 800z ‘sodwe)d

Passasse SsWodINQ  310JS |[eJ9NO 14 €T [4% T 0t 6 8 L 9 S 14 € 4 T Jeak Joyiny

S31PN1S 80Ud[RA3Id

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 February 01.



	Abstract
	INTRODUCTION
	METHODS
	Literature search strategy
	Eligibility Criteria
	Study Selection and Data Extraction
	Data Synthesis and Statistical Analysis

	RESULTS
	Literature Search
	Study Characteristics
	NAFLD Prevalence in Population-Based Cohorts
	NAFLD Prevalence in High-Risk Cohorts
	NAFLD Severity
	NAFLD Prognosis
	Quality Assessment

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

