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Background: Among patients with cirrhosis, it remains unclear
whether there are racial/ethnic differences in cirrhosis complications
and mortality. We examined the associations between race/ethnicity
and risk for hepatocellular carcinoma (HCC), cirrhosis decompen-
sation, and all-cause mortality overall and by cirrhosis etiology.

Methods: US Veterans diagnosed with cirrhosis from 2001 to
2014 (n = 120,992), due to hepatitis C virus (HCV; n = 55,814),
alcohol-associated liver disease (ALD; n = 36,323), hepatitis B virus
(HBV; n = 1,972), nonalcoholic fatty liver disease (NAFLD; n =
17,789), or other (n = 9,094), were followed through 2020 for
incident HCC (n = 10,242), cirrhosis decompensation (n = 27,887),
and mortality (n = 81,441). Multivariable Cox proportional hazards
regression was used to estimate adjusted hazard ratios (aHR) and
95% confidence intervals (CI).

Results: Compared with non-Hispanic White patients, His-
panic patients had higher risk for HCC overall (aHR, 1.32; 95%

Introduction

Liver disease is a leading cause of morbidity and mortality
worldwide and in the US (1-4). Mortality from cirrhosis and hepato-
cellular carcinoma (HCC) has increased over the past several decades
(2, 5-7). The prevalence of common liver diseases substantially varies
by race and ethnicity in the US. For example, hepatitis C virus (HCV)
infection is more common among non-Hispanic Black (2.76%) com-
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CI, 1.24-1.41) and by cirrhosis etiology, particularly for ALD-
(aHR, 1.63; 95% CI, 1.42-1.87) and NAFLD-cirrhosis (aHR, 1.76;
95% CI, 1.41-2.20), whereas non-Hispanic Black patients had
lower HCC risk in ALD- (aHR, 0.79; 95% CI, 0.63-0.98) and
NAFLD-cirrhosis (aHR, 0.54; 95% CI, 0.33-0.89). Asian patients
had higher HCC risk (aHR, 1.70; 95% CI, 1.29-2.23), driven by
HCV- and HBV-cirrhosis. Non-Hispanic Black patients had
lower risk for cirrhosis decompensation overall (aHR, 0.71;
95% CI, 0.68-0.74) and by cirrhosis etiology. There was lower
risk for mortality among all other racial/ethnic groups compared
with non-Hispanic White patients.

Conclusions: Race/ethnicity is an important predictor for risk of
developing HCC, decompensation, and mortality.

Impact: Future research should examine factors underlying these
racial/ethnic differences to inform prevention, screening, and treat-
ment for patients with cirrhosis.

pared with non-Hispanic White persons (1.20%; ref. 8). Chronic
hepatitis B virus (HBV) infection is more prevalent among Asian
persons (2.74%) compared with those who are not Asian or Black
(0.15%; ref. 9). The prevalence of nonalcoholic fatty liver disease
(NAFLD) is more common among Hispanic persons (22.9%) and
less common among Black persons (12.0%) compared with White
persons (14.4%; ref. 10).

Furthermore, marked racial/ethnic disparities in cirrhosis- and
HCC-related prevalence, incidence, and mortality have been observ-
ed. The prevalence of cirrhosis is higher in non-Hispanic Black
compared with non-Hispanic White persons regardless of HCV
status (HCV-positive: 9% in Black persons vs. 7.7% in White per-
sons; HCV-negative: 0.25% in Black persons vs. 0.09% in White
persons; ref. 11). Higher HCC incidence rates have been observed
in Asian (18.6 cases per 100,000 population), followed by Black
(15.7 per 100,000), Hispanic (11.8 per 100,000), and non-Hispanic
White persons (7.0 per 100,000; ref. 12). Non-Hispanic White
persons are at increased risk for cirrhosis-related mortality (24.61
per 100,000) compared with Hispanic (20.34 per 100,000), non-
Hispanic Black (15.86 per 100,000), and non-Hispanic Asian per-
sons (7.00 per 100,000; ref. 6). HCC-related mortality is higher
in non-Hispanic Black persons (5.12 per 100,000) compared with
non-Hispanic Asian (4.31 per 100,000), non-Hispanic White (3.87
per 100,000), and Hispanic persons (3.64 per 100,000; ref. 6).

However, among patients with established cirrhosis, it remains un-
clear whether the risk of HCC, cirrhosis decompensation (i.e., variceal
bleeding, ascites, or hepatic encephalopathy), and mortality varies by
race/ethnicity. Furthermore, it is important to consider underlying
cirrhosis etiology, such as HCV, HBV, alcohol-associated liver disease
(ALD), and NAFLD, which may confer differential risks for cirrhosis
complications (13, 14). The objective of this study was to examine the
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associations between race/ethnicity and the risk of HCC, cirrhosis
decompensation, and all-cause mortality in a cohort of US Veterans
with cirrhosis, overall and according to cirrhosis etiology.

Materials and Methods

Study population

The Veterans Affairs (VA) health care system is the largest inte-
grated health care system in the US, annually providing care to over 9
million enrolled Veterans through 170 VA Medical Centers and 1,074
outpatient clinics (15). We used data from the VA Corporate Data
Warehouse (CDW), a national continually updated repository of
electronic health records (EHR; ref. 16). Using the CDW, information
on patient demographics, inpatient and outpatient visits, problem lists,
procedures, vital signs, diagnostic tests, laboratory tests, and pharmacy
prescriptions was extracted.

We created a cohort of all patients diagnosed with cirrhosis for the
first time from January 1, 2001 to December 31, 2014 (n = 136,241)
and retrospectively followed these patients from the date 90 days after
cirrhosis diagnosis until March 31, 2020 for the development of HCC,
cirrhosis decompensation, and/or death. Data extended backward to
October 1999 to allow complete ascertainment of baseline character-
istics. The following exclusions were applied: Death (n = 12,602) or
liver transplantation (n = 353) within 90 days of cirrhosis diagnosis,
<90 days of follow-up (n = 826), achieved sustained virologic response
(SVR) to HCV within 90 days of cirrhosis diagnosis (n = 720), or
follow-up began after liver transplantation (n = 748). Additional
exclusions were separately applied for the analyses examining HCC
[history of HCC before or within 90 days of cirrhosis diagnosis (n =
4,894)] and cirrhosis decompensation [history of decompensated
cirrhosis before or within 90 days of cirrhosis diagnosis (n =
9,054)]. This study was approved by the Institutional Review Board
of the VA Puget Sound Health Care System; the requirement to obtain
informed consent was waived.

Definition of cirrhosis

Diagnosis of cirrhosis was defined as an associated International
Classification of Diseases, Ninth Revision (ICD-9) code recorded at
least twice in any inpatient or outpatient encounter, or a diagnosis of
cirrhosis recorded once together with at least one complication of
cirrhosis (varices without bleeding, varices with bleeding, ascites,
encephalopathy, spontaneous bacterial peritonitis, hepatorenal syn-
drome, and hepatopulmonary syndrome; Supplementary Table SI).
ICD-10 codes were adopted beginning in October, 2015. This case
definition for cirrhosis has been validated and used in previous VA
population-based studies (16, 17) and is associated with a 97% positive
predictive value compared with chart review (16).

Among patients with cirrhosis, five mutually exclusive cirrhosis
etiologies were defined (16, 17): (i) HCV: positive serum HCV RNA
irrespective of any additional etiologies; (ii): HBV: ever positive for
hepatitis B surface antigen (HBsAg) or viral load (HBV DNA;
patients co-infected with HCV and HBV were categorized as HCV
only; (iii): ALD: ICD-9 codes for alcohol use disorders in the
absence of serological markers of HCV or HBV infection and
without ICD-9 codes for hemochromatosis, primary biliary cirrho-
sis, primary sclerosing cholangitis, and autoimmune hepatitis (Sup-
plementary Table S2; (iv): NAFLD: ICD-9 codes for diabetes
(recorded at least twice) or a body mass index (BMI) > 30 kg/
m? before cirrhosis diagnosis in the absence of HCV, HBV, ALD,
and ICD-9 codes for hemochromatosis, primary biliary cirrhosis,
primary sclerosing cholangitis, and autoimmune hepatitis (this def-
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inition reflects the diagnostic process used in clinical practice, incor-
porating known NAFLD risk factors, including diabetes and obesity,
and exclusion of other etiologies, because NAFLD-related cirrhosis is
not associated with unique histological, radiological, or serological
features); (v) other: all other patients without HCV, HBV, ALD, and
NAFLD.

Determination of race and ethnicity

Self-reported race and ethnicity documented in the EHR was used to
categorize patients as non-Hispanic White, non-Hispanic Black, His-
panic, American Indian/Alaska Native (AI/AN), Asian, or Pacific
Islander/Native Hawaiian (PI/NH). Race or ethnicity was missing in
11.7% of patients, which included those refusing to declare their race/
ethnicity or had unknown/mixed race/ethnicity and did not identify a
specific racial or ethnic group. Thus, we analyzed a separate race/
ethnicity category for missing/unknown/declined to disclose.

Baseline characteristics

We ascertained baseline information on age, sex, and BMI (recorded
within 6 months before cirrhosis diagnosis; ref. 16). Presence of type 2
diabetes mellitus, alcohol use disorders, substance use disorders, and
human immunodeficiency virus (HIV) infection was based on ICD-9
codes recorded at least twice before cirrhosis diagnosis in any inpatient
or outpatient encounter (Supplementary Table S2). We ascertained the
following laboratory tests within 90 days of cirrhosis diagnosis:
Albumin, aspartate aminotransferase to alanine aminotransferase
ratio (AST/\/ ALT), bilirubin, creatinine, hemoglobin, platelet count,
Model for End-Stage Liver Disease (MELD) score, Fibrosis-4 (FIB-4)
score, and international normalized ratio (INR). Using ICD-9 codes,
we determined the Charlson Comorbidity Index (CCI) as an estimate
of overall comorbidity burden. Information on HCV genotype was
also ascertained.

Low socioeconomic status (SES) was defined as having an ICD-9
code for low income or poverty developed by the VA Information
Resource Center (ref. 18; Supplementary Table S2), assignment to
Priority Group 5 (19, 20), or an Area Deprivation Index (ADI) score <
15 (21, 22). For SES based on ICD codes, we used information at any
time throughout follow-up; for SES based on Priority Group 5 and
ADI, we used information in the year closest in time to cirrhosis
diagnosis (and before cirrhosis diagnosis if available). Priority Groups
were assigned to Veterans to determine enrollment eligibility for VA
health care services based on level of service-connected disability and
income (19). Priority Group 5, which has been used as an indicator of
low SES (20), was defined as non-service-connected Veterans and non-
compensable service-connected Veterans rated 0% disabled by the VA
with an annual income and/or net worth below the VA national
income threshold and the income threshold for their residential
location, Veterans receiving VA pension benefits, or Veterans eligible
for Medicaid programs (19, 20). The ADI is a measure of neighbor-
hood-level SES disadvantage that includes factors for income, educa-
tion, employment, and housing quality (22). Using geographic infor-
mation on each patient’s residential locations from the VA Planning
Systems Support Group Enrollee Files, we linked each patient’s census
block group (or census tract or county if the census block group was
unavailable) closest in time to cirrhosis diagnosis to determine the
ADI score.

Outcome ascertainment

Patients were followed starting 90 days after cirrhosis diagnosis until
March 31, 2020 to ascertain the following outcomes: HCC, cirrhosis
decompensation, liver transplantation, and death. These outcomes
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were defined using ICD-9 or ICD-10 codes recorded at least twice
during follow-up (Supplementary Table S1). This HCC case definition
is associated with 84%-94% positive predictive values compared with
chart review (23, 24). Cirrhosis decompensation was defined as the
new development of at least one of the following conditions: Bleeding
gastroesophageal varices, ascites, or hepatic encephalopathy (25). A
single record was required for bleeding gastroesophageal varices
(rather than at least two) as patients may only experience a single
bleeding episode if it results in death.

Statistical analysis

Cox proportional hazards regression was used to estimate multi-
variable adjusted hazard ratios (aHR) and 95% confidence intervals
(CI) for the associations between race/ethnicity and risk of HCC,
cirrhosis decompensation, and death. Results for patients with miss-
ing/unknown/declined to disclose race/ethnicity were also presented.
All models were stratified by VA medical center. All models were
adjusted for the following potential confounders: age, sex, BMI,
diabetes, cirrhosis etiology, history of HCC (for outcomes other than
HCC), history of decompensated cirrhosis (for outcomes other than
decompensated cirrhosis), CCI, alcohol use disorders, substance use
disorders, albumin, bilirubin, creatinine, platelet count, AST/\/ALT
ratio, and SES. Results were presented for all patients with cirrhosis
(overall) and separately by cirrhosis etiology (HCV, HBV, ALD,
NAFLD, and other). Follow-up began 90 days after the date of cirrhosis
diagnosis (to exclude prevalent outcomes) and extended until March
31, 2020. Patients with HCV who were cured as a result of antiviral
treatment were censored at the date at which SVR was achieved.

Separate analyses were performed for HCC, cirrhosis decompen-
sation, mortality, and liver transplantation, each with its own censor-
ing. Patients with a history of HCC (active or previously treated) at
inception into the cohort were excluded from the HCC analysis.
Patients with a history of all three cirrhosis decompensations (bleeding
gastroesophageal varices, ascites, and hepatic encephalopathy) at
inception into the cohort were excluded from the cirrhosis decom-
pensation analysis. Patients lacking at least one decompensation were
included in this analysis and followed for the development of a new
decompensation (e.g., a patient with ascites as their only decompen-
sation would be followed for the development of bleeding gastro-
esophageal varices and/or hepatic encephalopathy, either of which
would qualify as new cirrhosis decompensation). All patients were
included in the analyses for mortality and liver transplantation.

Mortality is high in patients with cirrhosis and death can be a
competing risk for HCC, where patients who are more likely to develop
HCC may also be more likely to die beforehand, thus masking the
development of HCC. Liver transplantation, although less common
than death, can also be a competing risk for HCC. For this reason, we
additionally performed competing risks proportional hazards regres-
sion to estimate sub-hazard ratios for HCC risk while simultaneously
accounting for the competing risk of death or liver transplantation. All
statistical tests were two-sided and P < 0.05 was considered statistically
significant. All statistical analyses were conducted using Stata 15.1
(Stata Corp.).

Data availability

The data used in this research belong to the Veterans Health
Administration. Although the data can be accessed by VA research-
ers with requisite approvals, they are not publicly available. How-
ever, the study methodology has been described to facilitate repro-
duction of the study results by VA researchers with access to the
CDW.
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Results

Population characteristics

Table 1 shows baseline characteristics for the 120,992 patients
with cirrhosis included in this cohort. Patients were on average
60.3 years (£9.4) at cirrhosis diagnosis, predominantly male
(97.5%), with an average BMI of 28.8 kg/m* (45.9) and/or an
average CCI score of 4.5 (£2.1). The most common cirrhosis
etiology was HCV (46.1%), followed by ALD (30.0%), NAFLD
(14.7%), other (7.5%), and HBV (1.6%). Approximately 31.6% of
patients had diabetes, 40.5% had a history of alcohol use disorders,
20.4% had a history of substance use disorders, and 56.2% were
categorized as low SES. Most patients were non-Hispanic White
(63.1%), followed by non-Hispanic Black (15.5%), Hispanic (7.6%),
AI/AN (1.0%), Asian (0.3%), and PI/NH (0.9%). Patients with
missing/unknown/declined to disclose race/ethnicity were similar
to those with available race/ethnicity data.

HCV-cirrhosis was more prevalent among non-Hispanic Black
patients (68.6%), whereas ALD-cirrhosis was more common among
AI/AN patients (39.0%) and HBV-cirrhosis was more common among
Asian patients (19.4%; Table 1). Diabetes was more common among
Asian (40.1%), Hispanic (38.9%), and PI/NH patients (36.6%) com-
pared with non-Hispanic White patients (30.4%). Alcohol use dis-
orders occurred more frequently among non-Hispanic Black (49.9%)
and AI/AN patients (48.6%) and less frequently in Asian patients
(22.3%) compared with non-Hispanic White patients (39.4%). Sub-
stance use disorders were also elevated among non-Hispanic Black
patients (38.0%) compared with other racial/ethnic groups. Laboratory
results did not substantially differ by race/ethnicity.

Association between race/ethnicity and HCC risk

Among 116,098 patients with cirrhosis at risk for HCC, 10,242
developed HCC during a mean follow-up of 5.3 years (Supple-
mentary Table $3). Overall, HCC incidence was 1.65 cases per 100
patient-years and was highest among Asian patients (2.40 per 100
patient-years), followed by Hispanic (2.29 per 100), non-Hispanic
Black (2.29 per 100), PI/NH (1.65 per 100), AI/AN (1.61 per 100),
and non-Hispanic White patients (1.51 per 100). Compared with
non-Hispanic White patients, there was an increased risk for HCC
among Asian (aHR, 1.70; 95% CI, 1.29-2.23) and Hispanic patients
(aHR, 1.32; 95%, CI 1.24-1.41; Fig. 1). There was a suggestive
positive association among PI/NH patients (aHR, 1.18; 95% CI,
0.98-1.42). No significant associations were observed among non-
Hispanic Black or AI/AN patients.

In analyses according to cirrhosis etiology, among patients with
HCV-cirrhosis, Hispanic patients had a higher risk for HCC (aHR,
1.19;95% CI, 1.10-1.29) compared with non-Hispanic White patients.
A suggestive positive association was noted among Asian patients.
Among patients with HBV-cirrhosis, non-Hispanic Black (aHR, 1.41;
95% CI, 1.02-1.94) and Asian patients (aHR, 2.84; 95% ClI, 1.70-4.73)
were at higher risk for HCC. Results were elevated, but not stati-
stically significant, among Hispanic patients. Among patients with
ALD-cirrhosis, there was a higher risk for HCC among Hispanic
(aHR, 1.63; 95% CI, 1.42-1.87) and AI/AN patients (aHR, 1.46; 95%
CI, 1.02-2.08), whereas non-Hispanic Black patients were at lower
risk for HCC (aHR, 0.79; 95% CI, 0.63-0.98) compared with non-
Hispanic White patients. For NAFLD-cirrhosis, Hispanic (aHR, 1.76;
95% CI, 1.41-2.20) and PI/NH patients (aHR, 2.62;95% CI, 1.59-4.33)
had a higher risk for HCC, and non-Hispanic Black patients had a
lower risk for HCC (aHR, 0.54; 95% CI, 0.33-0.89) compared with
non-Hispanic White patients. Among cirrhosis patients with other
etiology, Hispanic patients had an increased risk for HCC (aHR, 1.52;
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Table 1. Baseline characteristics of a cohort of 120,992 patients with cirrhosis at the time of cirrhosis diagnosis (2001-2014) overall and
by race/ethnicity.

Race/ethnicity
Non- Non- American Indian/ Pacific Islander/ Missing/unknown/
Hispanic Hispanic Alaska Native Native Hawaiian declined to
Overall White Black Hispanic (AI/AN) Asian (PI/NH) disclose

Variable n=120,992 n=76,338 n=18,759 n=9,135 n=1173 n =382 n = 1,054 n = 14,151
Age (y; mean + SD) 60.3+94 605+94 587 +81 59.6 +9.7 57.8 + 8.8 58.6 + 121 59.5+ 9.2 619 +£10.4
Male (%) 97.5 97.6 97.0 98.2 95.7 94.0 97.5 97.7
Cirrhosis etiology (%)

HCV 46.1 419 68.6 50.3 44.2 314 49.1 36.9

HBV 1.6 1.4 2.6 0.9 0.7 19.4 3.8 14

ALD 30.0 321 18.3 30.5 39.0 18.8 26.1 33.9

NAFLD 14.7 16.7 6.0 131 1.5 19.4 143 16.7

Other 7.5 7.9 4.4 53 4.5 1.0 6.7 1
BMI (kg/m? mean + SD) 288 +£5.9 291+ 6.0 275+56 291+56 295+ 6.0 271+5.0 292 + 6.0 283 +59
CCl (mean + SD) 45+ 21 44 +20 46 +23 4.6 +22 42 +19 45+ 20 46 +22 45+ 21
Diabetes (%) 316 304 354 389 317 40.1 36.6 27.3
Alcohol use disorders (%) 40.5 39.4 49.9 42.0 48.6 22.3 37.8 33.2
Substance use disorders (%) 20.4 17.4 38.0 22.7 231 13.1 20.5 n.4
HIV co-infection (%) 15 0.8 4.4 2.2 0.9 1.0 0.8 11
HCC (%) 26 21 4.7 29 3.0 4.2 4.0 2.2
Cirrhosis decompensation (%) 21.2 21.7 18.1 19.3 22.3 17.0 17.6 24.7

Ascites 15.9 16.4 13.7 1.4 12.6 1.5 n.e 19.3

Encephalopathy 3.0 28 3.0 4.8 5.6 1.8 3.4 2.7

Gastroesophageal varices 2.7 2.8 1.6 35 4.6 4.2 2.7 3.1

(with bleeding)
Gastroesophageal varices 7.8 8.3 6.2 9.1 7.9 6.5 7.7 6.1
(without bleeding)

HCV genotype (%)

1 59.7 55.5 77.8 57.5 57.6 56.7 57.1 426

2 6.3 7.9 17 8.6 83 6.7 6.2 5.1

3 7.3 9.8 0.7 8.6 8.7 7.5 83 7.

4-6 0.6 0.6 0.6 0.9 0.6 5.0 0.4 0.6

Missing 26.1 26.1 19.3 24.4 24.9 24.2 28.0 44.6
Low SES (%) 56.2 55.3 60.1 60.1 60.5 56.0 53.3 53.8
Laboratory results (mean 4 SD)

MELD score N3+49 N1+ 47 1.6 +5.1 N1+ 46 N2+ 4.8 105 + 4.6 109 + 4.9 122 +£ 51

FIB-4 score 57 +15.8 5.6 +14.2 54+168 65+ 268 56 +15.9 6.0 + 253 5.8 +18.8 6.0 +10.2

Hemoglobin (g/dL) 131+ 23 132+ 23 128 +£2.2 131+ 23 13.0 £ 24 135+ 23 132+23 129 +£23

Platelet Count (k/uL) 155.3 +£89.7 153.3 £89.0 169.8 + 92.1 143.7 + 81.8 153.0 + 83.7 161.4 + 86.1 146.6 + 76.9 153.6 + 93.9

Creatinine (mg/dL) 11+ 0.8 1.0 + 0.6 13+13 1.0+ 08 10+ 0.8 13+14 11+08 11+ 0.8

Bilirubin (g/dL) 15422 15+23 14 +£20 16+ 22 17+23 14 +17 14 +14 18+ 24

INR 13+ 05 13+ 05 13+ 04 13+ 04 13+ 04 12+ 03 13+ 04 14+ 0.5

Albumin (g/dL) 34+07 34+07 33+0.7 34 +0.7 34+07 36+07 34+07 33+07

95% CI, 1.02-2.26). Competing risks proportional hazards analyses
showed similar results (Supplementary Table S4).

Association between race/ethnicity and cirrhosis
decompensation risk

Among 111,938 patients with cirrhosis who were at risk, 27,887
developed cirrhosis decompensation during a mean follow-up of
4.9 years (Supplementary Table S5). Overall incidence was 5.13 cases
per 100 patient-years, which was highest among Hispanic patients
(6.04 per 100), followed by AI/AN (5.86 per 100), non-Hispanic White
(5.29 per 100), PI/NH (4.95 per 100), non-Hispanic Black (3.81 per
100), and Asian patients (2.71 per 100). Overall, compared with non-
Hispanic White patients, non-Hispanic Black (aHR, 0.71; 95% CI,
0.68-0.74) and Asian patients (aHR, 0.54; 95% CI, 0.41-0.70) had a
lower risk for cirrhosis decompensation (Fig. 2). Among patients with
HCV-cirrhosis, non-Hispanic Black (aHR, 0.69; 95% CI, 0.66-0.73)
and Asian patients (aHR, 0.54; 95% CI, 0.35-0.82) had a lower risk for
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decompensation compared with non-Hispanic White patients.
Among those with HBV-cirrhosis, non-Hispanic Black patients had
a lower risk for decompensation (aHR, 0.70; 95% CI, 0.54-0.90); a
suggestive inverse association was observed among Asian patients. For
ALD-cirrhosis, non-Hispanic Black patients (aHR, 0.85; 95% CI, 0.78—
0.92) had a lower risk for decompensation, while Hispanic patients
(aHR, 1.15; 95% CI, 1.07-1.23) had a higher risk for decompensation
compared with non-Hispanic White patients. Among patients with
NAFLD-cirrhosis, non-Hispanic Black (aHR, 0.65; 95% CI, 0.53-0.79)
and Asian patients (aHR, 0.44; 95% CI, 0.20-0.98) had a lower risk for
decompensation compared with non-Hispanic White patients.
Among patients with other etiology, there was a lower risk for
decompensation among non-Hispanic Black patients (aHR, 0.79;
95% CI, 0.64-0.99) and a higher risk among AI/AN patients (aHR,
1.88;95% CI, 1.06-3.34) compared with non-Hispanic White patients.
Competing risks proportional hazards analyses showed similar results
(Supplementary Table S4).
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Adjusted associations for race/ethnicity and HCC risk. The reference group is non-Hispanic White patients and results are shown for all patients (overall)
and for cirrhosis etiologies of HCV, HBV, ALD, NAFLD and other. Cox regression models are adjusted for age, sex, BMI, diabetes, cirrhosis etiology, history of
cirrhosis decompensation, CCl, alcohol use disorders, substance use disorders, albumin, bilirubin, creatinine, platelet count, AST/\/ALT ratio, and SES.

Association between race/ethnicity and all-cause mortality risk

Among 120,992 patients with cirrhosis, 81,441 died during a mean
follow-up of 5.4 years; the overall mortality rate was 12.37 deaths per
100 patient-years (Supplementary Table S6). Mortality was highest
among non-Hispanic White patients (11.92 per 100), followed by AI/
AN (11.25 per 100), Hispanic (10.93 per 100), non-Hispanic Black
(10.00 per 100), PI/NH (10.00 per 100), and Asian patients (8.35 per
100). Overall, there was a lower risk for mortality among non-Hispanic
Black (aHR, 0.83; 95% CI, 0.81-0.85), Hispanic (aHR, 0.89; 95% CI,
0.86-0.91), Asian (aHR, 0.73; 95% CI, 0.64-0.84), and PI/NH patients
(aHR, 0.85; 95% CI, 0.78-0.92) compared with non-Hispanic White
patients (Fig. 3). Among patients with HCV-cirrhosis, non-Hispanic
Black (aHR, 0.81; 95% CI, 0.78-0.83), Hispanic (aHR, 0.86; 95% CI,
0.83-0.90), and PI/NH patients (aHR, 0.83; 95% CI, 0.74-0.93) had a
lower mortality risk compared with non-Hispanic White patients. For
HBV-cirrhosis, there was a lower risk for mortality among non-
Hispanic Black (aHR, 0.84; 95% CI, 0.72-0.98) and Asian patients
(aHR, 0.65; 95% ClI, 0.44-0.96). Among those with ALD-cirrhosis,
non-Hispanic Black (aHR, 0.89; 95% CI, 0.85-0.93) and Hispanic
patients (aHR, 0.90; 95% ClI, 0.86-0.95) had a lower risk for mortality
compared with non-Hispanic White patients. Among patients with
NAFLD-cirrhosis, non-Hispanic Black (aHR, 0.82; 95% CI, 0.76-0.88)
and Hispanic patients (aHR, 0.90; 95% CI 0.84-0.97) had a lower risk
for mortality, whereas AI/AN patients had an increased risk (aHR,
1.28;95% CI, 1.05-1.57) compared with non-Hispanic White patients.
Among those with other cirrhosis etiology, there was a lower risk for
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mortality among Hispanic (aHR, 0.87; 95% CI, 0.78-0.98) and Asian
patients (aHR, 0.46; 95% CI, 0.29-0.72) compared with non-Hispanic
White patients.

Discussion

In this national cohort of US Veterans with cirrhosis, race/ethnicity
was an important predictor in the risk of developing HCC, cirrhosis
decompensation, and all-cause mortality, adjusting for risk factors,
including age, sex, diabetes, BMI, alcohol use disorders, substance use
disorders, comorbidities, and SES. Analyses according to cirrhosis
etiology revealed further differential associations with race/ethnicity
by HCV, HBV, ALD, NAFLD, and other etiology. These findings
provide clinical and public health insights for prevention, screening,
and treatment of these complications in patients with cirrhosis.

Race/ethnicity and HCC risk

Compared with non-Hispanic White patients, Hispanic patients
were generally at increased risk for HCC overall and across cirrhosis
etiologies. Our results are consistent with prior research showing
higher risk for HCC among Hispanic patients with NAFLD-
cirrhosis (26) and HCV-cirrhosis (27) in the US, while further
extending these positive associations to other cirrhosis etiologies.
Differences in the prevalence of metabolic factors may contribute to
increased risk for HCC, as obesity and insulin resistance are more
prevalent among Hispanic persons (28). The inflammatory and
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hormonal sequelae associated with these metabolic risk factors may
contribute to increased hepatocarcinogenesis beyond the risk con-
ferred by NAFLD alone (28). In patients with HCV-cirrhosis,
Hispanic patients with at least two metabolic risk factors were at
increased risk of developing HCC compared with non-Hispanic
patients with fewer than two metabolic risk factors (aHR, 1.89; 95%
CI, 1.20-2.97; ref. 27). Although we adjusted for BMI and diabetes
in this analysis, there may be residual confounding from unadjusted
metabolic risk factors (e.g., pre-diabetes, dyslipidemia, abdominal
circumference) that may have contributed to the observed results.
In addition, there may be heterogeneity in genetics and other
exposures associated with Hispanic ethnicity (29, 30). Additional
research on specific demographic characteristics, such as country of
origin and US location residence, may be informative in better
characterizing the risk of HCC within the Hispanic population.
Opverall, the strongest association between race/ethnicity and HCC
risk was observed among Asian patients, which was driven by higher
risk among those with HBV- or HCV-cirrhosis. Prevalence of behav-
ioral factors (e.g., smoking), as well as other factors related to HBV
infection (e.g., genotype, duration of infection), may differ by race/
ethnicity and be associated with more severe liver disease and higher
risk for HCC (31-33). Our findings are consistent with studies showing
increased HCC risk among Asian patients with HCV-cirrhosis com-
pared with White patients (OR, 4.3; 95% CI, 2.1-9.0; ref. 34) as well as
Asian/Pacific Islander patients with HBV compared with White
patients (HR, 2.04; 95% CI, 1.31-3.17; ref. 35). One potential expla-
nation for higher rates of HCC among Asian patients with HCV-
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cirrhosis is a higher likelihood of prior exposure to HBV. Patients may
have low levels of HBV in their liver tissue in the absence of detectable
HBsAg in serum, which is a phenomenon known as occult hepatitis B
infection (OBI) and has been associated with increased HCC inci-
dence (36, 37). OBI has been observed in upwards of 50% of patients
with chronic HCV (38). In addition, Asian persons born outside of the
US may experience longer periods of infection with HCV due to
younger age at infection, which may increase HCC risk (39). Further-
more, HCV-risk factors are less common among Asians, which may
contribute to delayed access to screening (40, 41). Compared with non-
Hispanic White patients with cirrhosis, we observed differences in
HCC risk for AI/AN patients with ALD-cirrhosis and PI/NH patients
with NAFLD-cirrhosis. We also found that non-Hispanic Black
patients with HBV-cirrhosis, ALD-cirrhosis, or NAFLD-cirrhosis had
a relatively lower risk for HCC. Previous research has demonstrated a
lower risk for mortality and other outcomes among Black compared
with White Veterans, potentially due to Black Veterans being less
severely ill and using health care earlier because they have less access to
the private sector health care options (42). Biological, genetic, lifestyle
(e.g., dietary), behavioral, social, environmental, and other factors
potentially underlying these racial/ethnic differences in HCC inci-
dence should be further investigated.

Race/ethnicity and cirrhosis decompensation risk

The clinical course of cirrhosis is characterized by three primary
complications (i.e., decompensations) of variceal bleeding, ascites,
and hepatic encephalopathy, and includes two major periods of
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compensated (i.e., asymptomatic) and decompensated cirrhosis (43).
In this study, non-Hispanic Black patients had a lower risk for cirrhosis
decompensation compared with non-Hispanic White patients overall
and by cirrhosis etiology. This finding is in contrast with studies,
suggesting that Black patients with cirrhosis have higher hospital
readmission rates compared with White patients with cirrhosis (44).
Asian patients also had a lower risk for decompensation overall and for
several cirrhosis etiologies (HCV, HBV, and NAFLD), although the
inverse association for HBV-cirrhosis was not statistically significant.
Among those with ALD-cirrhosis, Hispanic patients had a higher risk
for decompensation, whereas among those with other cirrhosis, AI/
AN patients had an increased risk for decompensation. These results
are in line with research showing differential rates of decompensation
according to cirrhosis etiology, where the rate of decompensation was
higher among patients with ALD-cirrhosis (7.3%; 95% CI; 6.5%-8.2%)
versus non-ALD-related cirrhosis (5.5%; 95% CI, 4.8%-6.2%; ref. 45).
Differences in health care utilization by race/ethnicity may play a role
in decompensation outcomes (46). Decompensation symptoms, asci-
tes, encephalopathy, hepatorenal syndrome, and hepatopulmonary
syndrome can present on a spectrum of severity, and patients with mild
symptoms may delay seeking care (46). As the study population in this
analysis was of patients within the VA health care system, differing
access to health care due to insurance coverage should not be a
contributing factor in the results. However, VA health care coverage
does not preclude other individual- and/or multi-level contributing
factors and inequities from having important implications for disease
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progression to cirrhosis decompensation. For example, patients with
compensated cirrhosis may have differential access to resources that
would promote adherence to clinical guidance and patient education
regarding alcohol abstinence, medication usage, nutrition, and/or
exercise, which may be further influenced by sociocultural con-
texts (47, 48). Despite how our analysis adjusted for SES, differences
in neighborhood contextual factors may persist and influence health
care-seeking behavior, diet, and lifestyle, such as proximity and/or
transportation access to health care facilities, access to greenspace,
parks, and neighborhood infrastructure (e.g., sidewalks) to promote
physical activity, food insecurity (e.g., access to healthy food options)
to facilitate maintenance of a recommended low-sodium, high-protein
diet, and enduring neighborhood and health inequities of structural
racism (49-54). Furthermore, this study was not able to capture
psychosocial factors, such as social support, which have been shown
to improve health status and impact a person’s uptake of healthy
behaviors (53, 55). Further research is needed to explore factors that
may influence susceptibility to and progression rate of cirrhosis
decompensation according to subgroups defined by race/ethnicity (as
this is a social construct; ref. 56) and cirrhosis etiology.

Race/ethnicity and all-cause mortality risk

In general, there was a lower risk for all-cause mortality among all
racial/ethnic groups compared with non-Hispanic White patients with
cirrhosis overall and by cirrhosis etiology. In this study population,
incidence rates for HCC were not elevated among non-Hispanic White
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patients compared with other racial/ethnic groups, suggesting other
causes of death may drive these results. This is supported by results
from a US nationwide study of cirrhosis- and HCC-related mortality
from 2007 to 2016, showing that HCC-related mortality was higher
among non-Hispanic Asian and non-Hispanic Black compared with
non-Hispanic White patients (results were similar for Hispanic
patients; ref. 6). However, cirrhosis-related mortality was higher
among non-Hispanic White compared with Hispanic, non-
Hispanic Black, and non-Hispanic Asian patients (6).

AI/AN patients with NAFLD-cirrhosis were at higher risk for
all-cause mortality compared with non-Hispanic White patients.
This finding is consistent with research showing that AI/AN pati-
ents have a higher prevalence of NAFLD (57) and also experience
relatively higher incidence rates of HCC (58). As HCC is associat-
ed with low 5-year relative survival (8.1%; ref. 59), this increased
mortality among AI/AN patients may be impacted by HCC-related
deaths. Future research should examine racial/ethnic disparities
related to health care usage, such as medical adherence, physician
trust, and health care-seeking behavior, as well as potential dif-
ferences in health system factors (e.g., hospital characteristics;
ref. 60) that may contribute to differences in mortality (46). Studies
addressing genetic factors may be warranted, for example, racial/
ethnic differences in palatin-like phospholipase domain-containing
3 (PNPLA3) genotype and its associations with NAFLD, HCC, and
all-cause mortality (61).

This study had several limitations. As patients in this cohort were
predominantly male, the generalizability of results to women may be
limited. Although we were able to examine different racial/ethnic
groups and stratify by major cirrhosis etiologies, some subgroups (e.g.,
Asian patients, HBV-cirrhosis etiology) were limited by relatively
small sample sizes. Patients with less common etiologies of cirrhosis,
such as cholestatic liver diseases, were not separately examined. There
may be misclassification in using ICD diagnosis codes to identify
cirrhosis and HCC, although these methods have been previously
validated compared with chart review. Furthermore, there may be
residual confounding from unmeasured variables such as changes in
diet and/or lifestyle factors implemented following cirrhosis diagnosis
that may have been associated with disease progression. There are
several strengths of this study, including examining a nationwide
cohort of patients with a large number of incident outcomes accruing
over a long follow-up period. Using information extracted from the
CDW, we were able to evaluate potential confounding by many risk
factors. Furthermore, examining these associations among patients
within the VA health care system, which provides comprehensive
health care to all enrollees, may limit the impact of differences due to
health care access.
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