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Abstract

Background and aims: Susceptibility to fatty liver disease (FLD) varies among individuals 

and between racial/ethnic groups. Several genetic variants influence FLD risk, but whether 

these variants explain racial/ethnic differences in FLD prevalence is unclear. We examined the 

contribution of genetic risk factors to racial/ethnic-specific differences in FLD.

Methods: A case–control study comparing FLD patients (n = 1194) and population-based 

controls (n = 3120) was performed. Patient characteristics, FLD risk variants (PNPLA3-rs738409 

+ rs6006460, TM6SF2-rs58542926, HSD17B13-rs80182459 + rs72613567, MBOAT7/TMC4-
rs641738, and GCKR-rs1260326) and a multi-locus genetic risk score (GRS) were examined. 

The odds of FLD for individuals with different risk factor burdens were determined.
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Results: Hispanics and Whites were over-represented (56% vs. 38% and 36% vs. 29% 

respectively) and Blacks under-represented (5% vs. 23%) among FLD patients, compared to 

the population from which controls were selected (p < .001). Among cases and controls, Blacks 

had a lower and Hispanics a greater, net number of risk alleles than Whites (p < .001). GRS 

was associated with increase odds of FLD (ORQ5vsQ1 = 8.72 [95% CI = 5.97–13.0], p = 9.8 

× 10−28), with the association being stronger in Hispanics (ORQ5vsQ1 = 14.8 [8.3–27.1]) than 

Blacks (ORQ5vsQ1 = 3.7 [1.5–11.5], P-interaction = 0.002). After accounting for GRS, the odds of 

FLD between Hispanics and Whites did not differ significantly (OR = 1.06 [0.87–1.28], p = .58), 

whereas Blacks retained much lower odds of FLD (OR = 0.21, [0.15–0.30], p < .001).

Conclusions: Blacks had a lower and Hispanics a greater FLD risk allele burden than Whites. 

These differences contributed to, but did not fully explain, racial/ethnic differences in FLD 

prevalence. Identification of additional factors protecting Blacks from FLD may provide new 

targets for prevention and treatment of FLD.
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1 | INTRODUCTION

Over the last three decades, the prevalence of chronic liver disease because of viral hepatitis 

has fallen precipitously while that of fatty liver disease (FLD) has continued to rise.1 

Now, non-alcoholic fatty liver disease (NAFLD) and alcohol-associated liver disease (ALD) 

are among the most common causes of steatohepatitis, cirrhosis, hepatocellular carcinoma 

(HCC) and liver-related death.2

FLD is a multifactorial disorder in which both genetic and environmental factors contribute 

to susceptibility and progression. Several sequence variations in PNPLA3, TM6SF2, 

GCKR and MBOAT7 have been reproducibly associated with hepatic steatosis and FLD 

progression.3–7 In addition to these risk variants, two loci harbour variants conferring 

resistance to FLD: a missense variant in PNPLA3 [PNPLA3(453I)], which is associated 

with reduced hepatic TG content,5,8 and two variants in HSD17B13 that confer resistance to 

FLD progression.9,10

A striking difference in FLD prevalence exists among racial/ethnic groups; compared 

to Whites, Hispanics are more susceptible11,12 and Blacks more resistant11–13 to 

NAFLD11,12,14 and ALD.15 We showed previously that genetic variation in PNPLA3 
account for a large fraction of ethnic differences in the distribution in hepatic fat content.5 

Whether these variants, taken together with more recently identified risk loci, explain the 

striking racial/ethnic differences in the prevalence of FLD remains unclear.

To determine the role of genetic factors in racial/ethnic differences in FLD, we established 

a multiethnic FLD cohort, the University of Texas Southwestern (UTSW)-FLD Cohort, and 

examined the contribution of known genetic variants, both individually and together, to 

racial/ethnic differences in FLD.
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2 | METHODS

2.1 | Study participants

The UTSW-FLD Cohort was established in 2015. Questionnaires, family histories and blood 

samples were obtained on patients ≥18 years of age with NAFLD or ALD who were seen 

in liver clinics or hospitals of UTSW or Parkland Health and Hospital System (PHHS). 

Recruitment took place during a scheduled clinic visit or hospitalization. The amount/

frequency of alcohol consumption was collected via questionnaire. All participants provided 

written informed consent approved by the Institutional Review Board (IRB). Subjects with 

secondary causes for FLD were excluded (see below).

Controls were participants in the Dallas Heart Study (DHS)16 who did not have hepatic 

steatosis or elevated liver enzymes. DHS is a population-based probability sample of Dallas 

County, with deliberate oversampling of Blacks to achieve a 50:50 per cent split of Black 

and non-Black participants.16 The initial recruitment occurred between 2000 and 2002, and 

all participants were invited for a repeat examination in 2007–2009. The DHS was approved 

by the UTSW Institutional Review Board (IRB) and all participants provided written 

informed consent. Participants completed a detailed staff-administered survey, provided 

blood samples (~20 ml) for extraction of genomic DNA and storage of plasma aliquots, and 

completed a clinic visit that included imaging studies.

The current analysis included all participants of the original and follow-up DHS 

examinations for whom hepatic TG content by proton magnetic resonance spectroscopy 

and/or serum levels of liver enzymes were available. Participants with ≥5.5% hepatic TG 

content or those with elevated serum alanine transaminase levels (ALT; >45 in men and >33 

in women) were excluded.17

To account for unequal selection probabilities of Blacks and non-Blacks in the DHS, 

sampling weights were calculated so that the weighted proportions of Whites, Blacks and 

Hispanics were equal to their proportions in Dallas County, according to estimates from 

the 2018 American Community Survey conducted by the United States Census Bureau.18 

Sampling weights were used in a weighted analysis of our primary cohort to reduce bias in 

estimating ethnic differences in FLD prevalence.

To account for demographic differences between DHS participants and FLD patients, we 

also performed a sensitivity analysis by selecting a sample of sex-, age- and ethnicity-

matched controls (see Supporting Information).

Our primary analysis included 1194 FLD patients (429 self-reported Whites, 57 Blacks, 

668 Hispanic and 40 other ethnicities) and 3120 controls (863 Whites, 1767 Blacks, 

417 Hispanics and 73 other ethnicities). Matched controls used in sensitivity analysis are 

described in Supporting Information.

2.2 | Inclusion and exclusion criteria

The following information was extracted from the medical record of each subject enrolled 

in the UTSW-FLD Cohort: clinical test results for serum anti-nuclear antibodies, anti-
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mitochondrial antibodies, anti-smooth muscle antibodies, serologies for viral hepatitis, levels 

of alpha-1 antitrypsin, ceruloplasmin, as well as iron saturation studies. Subjects with 

secondary causes for FLD, including use of parenteral nutrition, history of corticosteroid, 

methotrexate, tamoxifen and antiretroviral therapy use, and those with inborn errors of 

metabolism were excluded from the study. Individuals with co-existing etiologies for 

chronic liver disease, including autoimmune hepatitis, primary biliary cholangitis, primary 

sclerosing cholangitis, viral hepatitis, alpha-1-antitrypsin deficiency, Wilson’s disease and 

hereditary hemochromatosis were also excluded from the study. Those with evidence of a 

secondary form of FLD were excluded from the study.

2.3 | Hepatic steatosis/FLD, cirrhosis and alcohol consumption definition

NAFLD was diagnosed by a hepatologist based on (1) presence of hepatic steatosis 

confirmed by ultrasonography, computed tomography, magnetic resonance imaging of the 

liver, or by histological examination of the liver and (2) lack of secondary causes of hepatic 

fat accumulation. Cirrhosis was defined based on histological examination of liver tissue, 

or clinical, laboratory, radiological and endoscopic evidence of cirrhosis. Imaging and liver 

biopsies were done as part of routine clinical care.

Participants were classified according to self-reported alcohol consumption status as no or 

low alcohol consumption, moderate drinkers and heavy drinkers per definitions outlined by 

the National Institute on Alcohol Abuse and Alcoholism. Patients classified as moderate 

or heavy drinkers, but who had risk factors for NAFLD (elevated BMI, T2DM, etc.) were 

assigned a diagnosis of ALD since ALD patients develop hepatic steatosis after only 2 

weeks of alcohol ingestion19,20 and tend to have a faster progression of disease.21

2.4 | Genotyping

Genomic DNA was extracted from circulating leukocytes as previously described.5 

PNPLA3-rs738409, PNPLA3-rs6006460, TM6SF2-rs58542926, HSD17B13-rs80182459 

(previously referred to as rs143404524),10 HSD17B13-rs72613567, TMC4/MBOAT7-
rs641738 and GCKR-rs1260326 were genotyped in the UTSW-FLD cohort using TaqMan 

assays (Applied Biosystems). Genotypes of the DHS participants were extracted from 

whole-exome sequencing data.9 Genotype frequencies for all SNPs were in Hardy–Weinberg 

equilibrium (HWE) among controls (p > .12 by exact test, Table S4). A small deviation 

from HWE was observed for PNPLA3-rs738409 (p = .027) among non-Hispanic White FLD 

patients. Genotyping quality control procedures are described in Supporting Information.

2.5 | Haplotype estimation and linkage disequilibrium

HSD17B13 haplotypes were estimated using PHASE v2.1.1.22,23 Allelic linkage 

disequilibrium (D’ and R2) were estimated using the “genetics” package in R.

2.6 | Genetic risk score calculation

For each participant, the net number of risk alleles was calculated by summing the number 

of risk-increasing alleles and subtracting the number of risk-decreasing alleles in the five 

gene loci. For loci with more than one risk-modifying variant (PNPLA3 and HSD17B13), 

the total allele score was determined based on the estimated haplotypes. For PNPLA3, the 
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minor alleles of rs738409 and rs6006460 were in linkage equilibrium (R2 < 0.02), and 

no individual in our sample carried a chromosome with both variants. Since one of the 

variants (rs738409) is risk-increasing and the other (rs6006460) is protective, the overall risk 

score for PNPLA3 was calculated by summing the number of minor risk-increasing alleles 

(rs738409-G) and subtracting the number of protective alleles (rs6006460-T); the resulting 

score ranged from −2 in rs6006460-TT homozygotes (S453I-II) to +2 in rs738409-GG 

homozygotes (I148M-MM). Similarly, for HSD17B13, no individual in our sample carried 

a chromosome with both variants (rs80182459 and rs72613567). That is, every chromosome 

had either the reference allele at both positions or carried the minor allele for rs80182459 

or rs72613567 (but not both). This suggests that HSD17B13 rs80182459 and rs72613567 

variants arose on different ancestral haplotypes, and no recombination has since occurred 

between the two variants because of their proximal location on the chromosome (LD D’ 

> 0.99). These results are consistent with phased genotype data from the 1000 Genomes 

Project, where no chromosome carried both minor alleles (https://bit.ly/3774Tjr). Since the 

two alleles are mutually exclusive, the overall allele score for HSD17B13 was calculated by 

summing the number of protective alleles. The resulting score was coded as 0 for individuals 

who were homozygous for the major allele at both rs80182459 and rs72613567, 1 for 

individuals who were heterozygous for rs80182459 or rs72613567, and 2 for individuals 

who were homozygous for the minor (protective) allele in rs80182459 or in rs72613567, or 

heterozygous for both variants (compound heterozygotes). The overall net risk allele number 

was calculated by adding the number of risk alleles and subtracting the number of protective 

alleles across all 5 loci.

A weighted GRS was also computed by summing the number of FLD minor alleles at each 

variant, weighted by their effect size (GRS = X1β1 + X2β2 + ... + Xkβk, where each βk 

represents the per-allele log-odds ratio in the association between genotype and FLD case 

status). Since the minor alleles of the two HSD17B13 variants and the two PNPLA3 variants 

are mutually exclusive (i.e., never occur on the same chromosome), their contribution to 

the genetic risk burden is additive and can be computed as the sum of the contributions 

of individual alleles. The effect sizes were estimated by comparing the frequency of each 

variant in FLD patients and DHS controls, using the weighted analysis of the pooled cohort 

(Table S4).

In addition, sensitivity analyses were performed with variants weighted according to their 

effect sizes in previous studies (see Supporting Information) and a GRS excluding the 

PNPLA3(148M) variant.

2.7 | Statistical analysis and genetic risk score calculation

Analyses were performed using R statistical software version 3.6.3. Continuous variables 

were compared between groups using t-tests or linear models adjusted for ethnicity, gender, 

age and body-mass-index (BMI). Categorical characteristics were compared using Fisher’s 

exact test or logistic regression models adjusted for the same covariates as above. A 

natural logarithm or an inverse-normal transformation was applied to variables with skewed 

distributions.
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Genotypes were coded as 0, 1 or 2 copies of the minor allele (additive model coding). The 

net number of risk alleles and a weighted genetic risk score (GRS) were included in the 

models as continuous variables. To quantify the impact of GRS, participants were stratified 

into groups based on quintiles of GRS among controls. To obtain ethnic-specific estimates of 

the impact of GRS, ethnicity-stratified quintiles of GRS were also determined.

The associations between individual variants or GRS and FLD were tested using logistic 

regression models adjusted for age, gender, ethnicity, BMI and diabetes status. Data on 

blood lipids were not available for a substantial fraction of UTSW-FLD participants and 

thus were not included in the analysis. Weighted regression models were fit when analysing 

the pooled cohort, to account for unequal selection probabilities of Blacks and non-Blacks 

among controls. Cases were assigned a weight of 1. For controls, sampling weights were 

calculated as the ratio of the proportion of self-reported Whites, Blacks and Hispanics in 

the Dallas County population to their proportion in DHS. Thus, Black control subjects 

were down-weighted and White and Hispanic controls were up-weighted. We did not adjust 

the sampling weights of individuals of other ethnicities because of the small number of 

participants of other ethnicities among both cases and controls. Ethnicity-stratified analyses 

were performed without weighting (but with adjustment for covariates as indicated above). 

Confidence intervals were computed based on profile likelihood. For variants with fewer 

than 5 carriers in cases and controls, unadjusted odds ratios and confidence intervals were 

calculated using Fisher’s exact test.

3 | RESULTS

The 1194 FLD cases differed from controls in being more obese, more likely to be diabetic, 

and having higher serum aminotransferase (ALT) levels (Table 1). Hispanics and Whites 

were over-represented (56% vs. 38%, p = 3.1 × 10−36 and 36% vs. 29%, p = 1.7 × 10−7 

respectively) whereas Blacks were strikingly under-represented in the UTSW-FLD Cohort 

(5% vs. 23%, p = 7.8 × 10−45) relative to Dallas County (Figure 1A). Blacks comprised 

26% and 17% of patients seen at PHHS and UTSW in 2019 but just 4% and 5% of FLD 

patients recruited, respectively, from the sites. To determine if the depletion of Blacks in 

the UTSW-FLD Cohort was because of biases in recruitment, we examined the ethnic 

distribution of the 119 hepatitis C patients seen in the same clinics but not included in 

this analysis. Blacks comprised 19.3% of this subset, which was more similar to and not 

statistically different from the proportion in Dallas County (23%).

No major differences were seen in the prevalence of NAFLD or ALD among ethnic 

groups: NAFLD was uniformly more common than ALD (p = .15, Figure 1B). Clinical 

characteristics of subjects with NAFLD or ALD are shown in Table S1.

Figure 1C shows the stages of FLD in those with NAFLD and ALD. Since liver biopsies 

were obtained from only 24% of UTSW-FLD subjects and the diagnosis of steatohepatitis 

can only be made reliably with liver biopsy,24 we pooled those with hepatic steatosis and 

with biopsy-proven steatohepatitis. Most of these subjects had NAFLD with only 8% having 

ALD. In contrast, ALD subjects predominated among those with cirrhosis (57%) and HCC 

(61%).
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Table S2 summarizes the characteristics of FLD patients stratified by stage of disease. 

The most striking finding was the scarcity of Blacks in all three stages of FLD. Blacks 

comprised 7.2% of those with steatosis or steatohepatitis, 3.5% with cirrhosis and 1.6% with 

HCC. Thus, Blacks appear protected not only from hepatic steatosis but also from disease 

progression.

To determine factors contributing to ethnic differences in the prevalence of FLD, we 

compared baseline characteristics of the UTSW-FLD cohort and controls stratified by 

ethnicity (Table 2 and Table S3). No significant difference in the prevalence of obesity 

or T2DM was seen between Black and Hispanic FLD patients (Table 2). Among controls, 

the prevalence of obesity was greater in Blacks (51.0%) and lower in Whites (31.6%) than 

in Hispanics (36.9%, p < .05 for all comparisons). The prevalence of T2DM was higher in 

Blacks (15.7%) and Hispanics (9.1%) than in Whites (8.0%, p < .05) (Table S3). Thus, the 

lower prevalence of Blacks relative to Hispanics among FLD patients could not be attributed 

to differences in frequency of obesity or T2DM. After adjusting for age, sex, BMI and 

T2DM, Blacks had 89% lower odds of FLD than Whites (OR = 0.11, 95% CI:0.08–0.15) 

and Hispanics had 64% higher odds of FLD compared to Whites (OR = 1.64, 95% CI:1.37–

1.96).

3.1 | Distribution of risk alleles

To assess the effect of each genetic variant on FLD, we compared the risk allele frequencies 

in the UTSW-FLD Cohort and controls (Figure 2, Table S4). Three risk-increasing variants 

[PNPLA3(148M), TM6SF2(167K) and GCKR(P446L)] were enriched in the FLD cohort 

(OR = 1.2–2.6, p < .001) (Figure 2A). In contrast, a variant conferring resistance to hepatic 

steatosis [PNPLA3(453I)] and two variants in HSD17B13 that confer resistance to FLD 

progression, were depleted among FLD patients (OR = 0.26–0.69, p < .001). Similar trends 

were apparent after stratifying by ethnicity (Figure S1, Table S4). Among Blacks, only 

PNPLA3(S453I) was significantly depleted among cases (OR = 0.45, 95% CI:0.17–0.94, p = 

.032).

Blacks had lower frequencies of the four FLD risk variants than Whites or Hispanics and 

higher frequencies of two of the three protective variants (Table S4). When all alleles were 

considered together, Blacks had fewer risk-increasing alleles than Whites or Hispanics (p < 

.0001 for both), and Hispanics had more risk alleles than Blacks or Whites (p < .001) (Table 

2 and Table S3). On average, FLD patients had significantly more risk-increasing alleles 

than in controls (mean 2.6 vs. 1.4, p = 7.3 × 10−47) (Figure 2B). The average net numbers 

of risk alleles were higher in cases than controls among Whites and Hispanics, but these 

differences did not reach statistical significance in Blacks (Figure 2B).

3.2 | Genetic risk scores

To assess the combined impact of risk-conferring alleles on FLD prevalence, a weighted 

GRS was calculated (Table S5). Hispanics had the greatest burden of genetic risk compared 

to Whites and Blacks, whereas Blacks carried the lowest genetic risk burden (Tables 2; Table 

S3; Figure S2). Mean GRS in Black cases was even lower than in White/Hispanic controls 

(Table S5). In each ethnic group, mean GRS was significantly higher in cases than controls 
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(Table S5). In multivariable analysis combining all ethnicities, each 1 SD increase in GRS 

was associated with a 2.5-fold increase in odds of having FLD (p = 7.0 × 10−72).

To quantify the impact of GRS, subjects were divided into categories based on quintiles of 

GRS. A stepwise increase in odds of FLD was seen across quintiles (Figure 3). Individuals 

in the highest quintile had 8-fold higher odds of FLD than those in the lowest quintile 

(ORQ5vsQ1= 8.72 [95% CI = 5.97–13.0]). Similar patterns were seen in each ethnic group, 

although the association was stronger in Hispanics (ORQ5vsQ1 = 14.8 [8.3–27.1]) than in 

Blacks (ORQ5 vs Q1 = 3.7 [1.5–11.5], P-interaction = 0.002).

After accounting for GRS, age, sex, BMI and T2DM, the difference in odds of FLD between 

Hispanics and Whites was greatly attenuated (OR = 1.06 [0.87–1.28], p = .58), while Blacks 

remained at significantly lower odds of FLD compared with Whites (OR = 0.21 [0.15–0.30], 

p < .001). Similar results were obtained when accounting for GRS-BMI interaction (not 

shown).

3.3 | Sensitivity analyses

Sensitivity analysis using a cohort of age-, sex- and ethnicity-matched controls (Table 

S6) produced similar results to those observed in our primary analysis (Tables S7–S9), 

although some comparisons lost significance because of the reduced number of Black 

participants. Qualitatively similar results were also obtained using a GRS based on weights 

derived from external cohorts (Tables S10–S11). Finally, a GRS excluding PNPLA3-I148M 

variant remained associated with FDL in the combined cohort, although the effect size was 

attenuated (ORQ5vsQ1 = 3.84 [2.78–5.35], p = 9.1 × 10−16) (Tables S12–S13), and GRS 

without PNPLA3 (148M) did not further reduce the difference in the odds of FLD between 

Hispanics and Whites after accounting for PNPLA3(148M) (data not shown).

4 | DISCUSSION

Here, we evaluated the contribution of known genetic risk factors to ethnic differences in 

FLD among Blacks, Whites and Hispanics seen in clinics and hospitals in Dallas County. 

In two different hospital systems, Blacks were markedly under-represented among patients 

with FLD relative to the general population (Figure 1A). The low prevalence of FLD in 

Blacks was not attributable to major differences in modifiable risk factors for FLD. Instead, 

differences in distribution of known FLD risk-altering variants contributed significantly 

to racial/ethnic disparities in FLD. Blacks had a relative dearth, whereas Hispanics had 

an increased frequency of FLD-promoting variants when compared to Whites (Figure 2). 

Differences in frequency of risk alleles accounted for a large fraction of the increase in odds 

of FLD among Hispanics compared to Whites, but failed to fully explain the lower odds 

of FLD in Blacks. The lower frequency of risk alleles and higher frequency of protective 

alleles in Blacks contributed to the paucity of Blacks relative to Whites and Hispanics in 

the sample. Future studies that include larger numbers of Blacks will be required to identify 

more precisely the genetic and nongenetic factors contributing to the lower prevalence of 

FLD among Blacks.
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Several prior studies have observed depletion of Blacks with FLD in the general 

population25 and in liver-disease cohorts,26,27 but the dearth of Black representation at 

all stages of FLD in our study was more pronounced than previously appreciated.28 Our 

results are consistent with those of Caldwell et al. wherein Blacks, who comprised 9% of the 

clinic population, comprised just 1% of patients with NAFLD and cryptogenic cirrhosis.14 

Those authors speculated that the lower prevalence of FLD in Blacks was because of an 

under-recognition or under-referral of Blacks with FLD to the clinic. We think it unlikely 

that the under-representation of Blacks in our study is attributable to ascertainment bias 

since the representation of Blacks among patients with viral hepatitis in the cohort was 

similar to that seen in the community and in the clinic/hospital population. Our results are 

also similar to data observed in several recent studies of HCC, where Blacks comprised 

>30% of HCC patients with HCV infection but <10% of HCC patients with non-viral 

disease aetiology (NAFLD or ALD).29–31 Thus, similarities in the proportion of Blacks 

among patients with viral hepatitis, in Dallas County as well as in our hospitals and clinics, 

suggest that the under-representation of Blacks in our study cohort is specific to FLD. 

Moreover, the prevalence of hepatic steatosis is lower in Blacks than in Hispanics or Whites 

in the DHS where participation rates were similar among ethnic groups.11,16

Several studies have examined the combined effect of genetic variants on FLD severity32–34 

and risk of cirrhosis and HCC.35–38 However, most of these studies focused on subjects of 

European ancestry. Two prior investigations included Blacks and Hispanics, but these studies 

examined the association of genetic variants with hepatic steatosis, not clinically significant 

FLD.39,40 A recent study examined the association of a GRS with NAFLD, as defined by 

an ICD-code, in an ethnically diverse cohort, but this study did not assess the contribution 

of genetic risk to ethnic differences in FLD prevalence.38 Furthermore, none of the prior 

studies included the protective variant in PNPLA3(453I) in the GRS calculation.

At an earlier time point in the collection of the UTSW-FLD Cohort, we reported that a 

loss-of-function allele in HSD17B13 was associated with protection from FLD in Blacks.10 

Here, we found no significant difference in frequency of this allele between Blacks with and 

without FLD. The discrepancy is likely because of sampling variation in allele frequencies 

or to changes in disease composition in the FLD cohort over time. Since the HSD17B13 
alleles do not protect from hepatic steatosis, we performed a post hoc analysis in the 

subset of patients with advanced FLD (cirrhosis and HCC). HSD17B13-rs80182459 was 

significantly depleted in FLD cases with end-stage liver disease compared to controls (4% 

vs. 19%, p = .012).

The same genetic differences that confer susceptibility to hepatic TG accumulation 

also confer susceptibility to liver disease progression, strongly implicating hepatic TG 

accumulation in progression as well as initiation of FLD.41–44 It is likely that ethnic 

differences in susceptibility to FLD reflect differences in metabolic response to excessive 

caloric or alcohol intake among the groups. Blacks not only have significantly lower levels 

of TG in liver but also significantly lower levels of TG in plasma,45 despite a similar 

prevalence of obesity and T2DM as Hispanics.11,46,47 The relative protection Blacks enjoy 

from FLD is consistent with the premise that TG accumulation plays a key role in FLD 

pathogenesis.
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4.1 | Limitations

Since the diagnosis of NASH can only be made definitively with liver biopsy, we pooled 

those participants who had evidence of hepatic steatosis with those who had biopsy-proven 

steatohepatitis (without F4 fibrosis), recognizing the limitations in precise staging. Since 

liver biopsies were obtained from only 24% of UTSW-FLD, and steatosis was assessed 

using different imaging modalities, the results regarding disease staging should thus be 

considered preliminary.

Estimating the relative contribution of genetic factors to FLD is complicated by strong gene–

environment interactions; adiposity and insulin resistance have strong synergistic effects 

with risk variants for FLD.48–50 We observed similar results regarding the contribution 

of genetic factors to ethnic differences in FLD when including the GRS-BMI interaction. 

Factors that are difficult to adjust for, such as diet, alcohol intake and intestinal microbiota, 

may also modulate susceptibility to FLD.51,52

Prevalence and incidence of FLD among ethnic groups cannot be projected directly from 

case–control data; the contribution of GRS to ethnic differences in risk of FLD will need 

to be validated in population-based cohorts and prospective studies. Common risk alleles 

can contribute a substantial fraction to population disease burden, but are of limited utility 

in predicting individual risk.53,54 Much larger effect sizes are required to achieve good 

discrimination ability.54 Finally, the paucity of Black FLD patients limited our power to 

assess the effects of individual variants in this group. Specifically, the lack of a statistically 

significant association for several of the variants with FLD among Blacks may be because of 

limited power. Studies with larger numbers of Black patients will be required to estimate the 

contribution of genetic variants to FLD in Blacks.

5 | CONCLUSIONS

Black individuals carry fewer known FLD risk alleles on average than Whites and 

Hispanics, which contributes to their lower prevalence of FLD. Future studies may identify 

additional factors that protect Blacks from FLD and may provide new targets for prevention 

and treatment of FLD.
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Abbreviations:

ALD alcohol-associated liver disease

DB The Dallas Biobank

DHS The Dallas Heart Study

FLD fatty liver disease

GRS genetic risk score

HCC hepatocellular carcinoma

NAFLD non-alcoholic fatty liver disease

NASH non-alcoholic steatohepatitis

PHHS Parkland Health and Hospital System

T2DM type 2 diabetes mellitus

UTSW University of Texas Southwestern
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Lay Summary

In the United States, Hispanics have a higher and Blacks a lower, prevalence of fatty 

liver disease (FLD) compared to Whites. We examined the distribution of several genetic 

variants known to influence the development and progression of FLD among White, 

Black and Hispanic individuals from Dallas County, TX, and found that Blacks have 

fewer known FLD risk alleles, whereas Hispanics have more risk alleles, compared to 

Whites. Differences in frequency of these genetic risk factors mirrored but did not fully 

explain the difference in FLD susceptibility between Hispanics, Whites and Blacks in 

Dallas County. Future studies will be required to identify factors contributing to the low 

prevalence of FLD in Blacks.
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FIGURE 1. 
(A) Ethnic distribution of UTSW-FLD subjects and population of Dallas County. Columns 

represent the ethnic distribution of Dallas County as compared to that of the UTSW-FLD 

Cohort. (B) Proportion of UTSW-FLD subjects with ALD and NAFLD among White, Black 

and Hispanic ethnicities. (C) Proportion of UTSW-FLD subjects with ALD and NAFLD 

stratified by stage of disease.
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FIGURE 2. 
(A) Comparison of risk allele frequencies between UTSW-FLD Cohort participants and 

controls. Analysis was performed using logistic regression analysis, adjusted for age, gender, 

BMI and T2DM. (B) Distribution of number of risk alleles in controls and cases in the 

pooled cohort and after ethnic stratification.
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FIGURE 3. 
Odds ratios for FLD by GRS quintile. The reference group is Q1, which includes individuals 

below the 20th percentile of genetic risk score.
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