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ABSTRACT
Objective  To investigate how individual social 
determinants of health (SDOH) and cumulative social 
disadvantage (CSD) affect survival and receipt of liver 
transplant (LT) in patients with hepatocellular carcinoma 
(HCC).
Methods  We enrolled 139 adult patients from two 
Indianapolis hospital systems between June 2019 and 
April 2022. Structured questionnaires collected SDOH and 
social risk factor data. We compared SDOH and CSD by 
race, gender and disease aetiology, assigning one point 
per adverse SDOH. Multivariable competing risk survival 
analysis assessed associations between SDOH, CSD, 
survival and LT receipt.
Results  Black patients experienced higher CSD than 
white patients in the cohort (5.4±2.5 vs 3.2±2.1, 
p<0.001). Black patients were significantly more likely to 
have household incomes <US$15 000 per year (52.6% 
vs 18.3%, p=0.003), to be insured by Medicaid (57.9% 
vs 33.0%, p=0.04), and to live in high Social Deprivation 
Index areas (68.4% vs 17.5%, p<0.001) than white 
patients. Patients with hepatitis C virus and alcohol-related 
liver disease had more adverse SDOH than those with 
metabolic dysfunction-associated steatotic liver disease, 
while there were no significant differences by gender. On 
multivariable analysis, a higher health literacy score was 
a significant predictor of survival (HR 2.54, 95% CI 1.19 
to 5.43 CI, p=0.02) and higher CSD was associated with a 
lower probability of receipt of LT (HR 0.80, 95% CI 0.68 to 
0.95, p=0.01).
Conclusions  There are significant racial and aetiology-
related differences in SDOH burden. Low health 
literacy and high CSD are linked to worse outcomes in 
HCC patients. Health literacy screening and targeted 
interventions for those with high CSD could improve LT 
access and survival rates.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of 
the fastest-rising causes of cancer-related 

death in the USA.1 However, morbidity and 
mortality from HCC are borne disproportion-
ately by racial and ethnic minorities, those 
with low socioeconomic status and those 
from deprived neighbourhoods.2 3 Reasons 
for survival disparities are complex but are 
hypothesised in part to be related to the 
inability of populations experiencing health 
disparities to progress through the complex 
HCC care continuum to access curative ther-
apies.4 Accessing health services is a compli-
cated endeavour driven by social, health 
system and patient-level factors.5 However, 
because of the unequal distribution of the 
social determinants of health (SDOH), the 
greatest challenges are often experienced by 
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marginalised groups. SDOH are the social and economic 
conditions that influence individual and group differ-
ences in health.6 Structural inequities contribute to defi-
cits in social networks, high burdens of social risk factors 
and unhealthy behaviours.6

SDOH have been associated with a decreased utilisa-
tion of relevant treatments and poor outcomes in other 
malignancies.7 8 However, the current understanding 
of SDOH in HCC remains limited, primarily focusing 
on data extracted from cancer registries and medical 
records, often overlooking individual-level SDOH that 
likely impact access to curative therapies and survival. 
This results in a lack of detailed insight into how SDOH 
intersect with factors such as race, gender and disease 
aetiology, hindering tailored interventions. Moreover, 
while many currently validated SDOH and social need 
screeners address multiple domains, underscoring the 
need for a comprehensive understanding of a patient’s 
experience, the association between SDOH and liver 
health outcomes has largely been based on single assess-
ments of SDOH. It is not clear that this realistically 
reflects the experience of most patients. Furthermore, 
cumulative social disadvantage (CSD) has been shown 
to be associated with all-cause mortality and accessing 
health services; we hypothesise that similar associations 
will be seen in survival and accessing liver transplant (LT) 
given the complexities of this care cascade.9 10

There are currently no prospective data on SDOH, 
social needs and social risk factors in patients with HCC. A 
better understanding of CSD across an exhaustive range 
of SDOH domains may afford a provider or health system 
nuanced information to better identify at-risk individuals 
to target for interventions. Hence, our study aims are 
to (1) investigate the extent to which individual SDOH 
versus CSD differ by race, gender and disease aetiology 
in patients with HCC and (2) to examine how both CSD 
and individual SDOH are associated with survival and the 
receipt of LT in patients with HCC.

METHODS
Study population and setting
We conducted a prospective cohort study of patients with 
HCC. Patients were enrolled from two hospital systems in 
the Indianapolis Metropolitan area (Indiana University 
Health/University and Methodists Hospitals and Eske-
nazi Health System (safety-net hospital)) from June 2019 
to April 2022. Patients were recruited by trained study 
personnel from hepatology, interventional radiology and 
oncology outpatient clinics. A total of 164 patients were 
approached of whom 139 provided written consent to 
participate in the study (online supplemental figure 2). 
Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines were followed for reporting 
outcomes of this study. All authors had access to study 
data and reviewed and approved the final manuscript.

Patients were included in the study if they were diag-
nosed with HCC confirmed by imaging or biopsy and 

were at least 18 years of age. Patients were excluded if 
they were post-transplant for any solid organ.

Exposures
SDOH data collection and conceptual framework
Data were collected through structured in-person ques-
tionnaires administered by trained personnel. Responses 
were recorded electronically. For Spanish-speaking 
patients, the survey and consent form were translated 
and administered by a Spanish-speaking coordinator. 
The assessment of SDOH, social risk factors and health 
behaviours was guided by Levesque’s framework and 
the Alcaraz et al model.11 12 We developed a conceptual 
framework detailing the relationship between SDOH, 
social risk factors, health behaviours and HCC outcomes, 
exploring three access-to-care domains: (1) perception, 
(2) payment and reach and (3) engagement (figure 1).

Ability to perceive: definition and measures
Within the ability to perceive health information domain, 
we measured health literacy, disease-specific knowledge 
and level of educational attainment. Measuring health 
literacy is complex and there is no one agreed on instru-
ment. We used the Brief Health Literacy Screen (BHLS), 
a three-item questionnaire with response options based 
on a 5-point Likert scale.13 14 To measure disease-specific 
knowledge, patients described the cause of their liver 
disease in their own words. This was compared with the 
known cause from their medical records, and the per 
cent concordance between patient and specialist diag-
noses was calculated. Finally, participants reported their 
highest level of education.

Ability to pay and reach: definition and measures
In the ability to pay and reach domain, we collected data 
on insurance type, income, income adequacy, employ-
ment, transportation type, health-related transportation 
adequacy and neighbourhood deprivation. Insurance 
types were classified as private, Medicaid (including 
Medicare with Medicaid supplement) and Medicare. 
Income was categorised into six brackets, from less than 
US$15 000 to more than US$100 000 annually. Income 
adequacy was assessed with a single-item question about 
financial situations, rated on a scale from having enough 
money for special things to having difficulty paying 
bills.15 Employment was categorised as employed full 
time, part time, unemployed, retired or on disability. Two 
questions were asked regarding health-related transpor-
tation: (1) Do you often have trouble getting to doctors’ 
appointments? and (2) How do you get to your doctors’ 
appointments?

To measure census-tract level disadvantage, we calcu-
lated the Social Deprivation Index (SDI) using variables 
from the American Community Survey. These measures 
quantify social inequities across small geographical areas 
to evaluate their association with health outcomes.16 17 
Additionally, we collected data on census-tract income 
below the federal poverty level for increased specificity.

https://dx.doi.org/10.1136/bmjgast-2024-001537
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Ability to engage: definition and measures
The ability to engage and access care was measured by 
assessing social support, marital status, patient adherence 
and substance use history. Instrumental social support was 
measured using the National Institutes of Health Patient-
Reported Outcomes Measurement Information System 
(PROMIS) form 6a-version 2.018. Marital status was self-
reported as divorced, married, separated, widowed and 
never married. Patient adherence rate was measured 
using three questions from the Medical Outcomes Study 
Specific Adherence Scale of Patient Adherence ques-
tionnaire.19 Substance use was assessed by asking about 
alcohol use in the past 90 days and any history of illegal 
non-marijuana substance use.

Demographic and clinical characteristics
Race, ethnicity and gender were self-reported. Race was 
categorised as black, white, Asian Pacific Islander, Native-
American or American Indian, and others. Ethnicity was 
classified as Hispanic or non-Hispanic, and gender as 
male, female or transgender. Model for end-stage liver 
disease sodium (MELD-Na) score, Child Pugh Category 
and Charlson Comorbidity Index were recorded from 
the EMR at enrolment. Disease aetiologies were classified 
as alcohol-related liver disease (ALD), hepatitis C virus 
(HCV), metabolic dysfunction-associated steatotic liver 
disease (MASLD) and other. Tumour characteristics, 
including number, size, Barcelona Clinic Liver Cancer 
(BCLC) 2018 staging, Milan status and alpha-fetoprotein 
(AFP) levels (<500 and ≥500), were documented at 
diagnosis.

Cumulative social adversity
Health centres are starting to use various SDOH/social 
need screening tools in clinical practice. Our goal was 
not to create a universally applicable score, as different 
SDOH may dominate in each setting and health systems 
use diverse tools. Instead, we tested the hypothesis that 
CSD, measured by assigning one point per adverse social 
determinant, varies by race, gender and disease aetiology 
and is linked to survival and curative therapy receipt 
in HCC. An additive approach using varied individual-
level SDOH data is widely recognised in healthcare 
settings.9 20 21

To define CSD, 1 point was given for each adverse SDOH 
within each domain as follows: Ability to perceive: educa-
tion attainment—less than high school; health Literacy—
Q1 BHLS Score; disease-specific knowledge—inaccurate 
answer. Ability to reach and pay: employment—on SSI, 
disability, unemployed; income—less than 15K; income 
adequacy—first two financial situation categories (enough 
or little spare money and difficulty paying bills or no spare 
money); transportation—transportation trouble=yes; 
neighbourhood poverty—Q4 SDI; insurance—Medicaid. 
Ability to engage: social support—Q1 PROMIS social 
support score; marital status—not married; adherence—
adherence score Q1; substance use—alcohol use in last 90 
days. The total maximum cumulative burden score was 13.

Outcomes
This analysis examined the associations between the CSD 
and its components and (1) race, (2) gender, (3) disease 
aetiology, (4) survival status and (5) receipt of LT among 
patients with BCLC 0-B HCC.

Figure 1  Modified Levesque’s conceptual framework for social determinants of health, social needs and health behaviours 
associated with accessing liver transplant and survival in complex care cascade requiring both cancer and transplant care as in 
hepatocellular carcinoma.
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Statistical methods
Individual characteristics were summarised using means, 
SD, medians, quartile ranges for continuous variables, 
and frequencies and percentages for categorical vari-
ables. Categorical variables were compared using χ2 
tests or Fisher’s exact test when necessary, and Mantel-
Haenszel χ2 tests for ordinal responses. Continuous 
variables were compared using analysis of variance for 
normally distributed data and Kruskal-Wallis tests for 
non-normally distributed data. All tests were two sided 
with a 0.05 significance level.

We hypothesised that the impact of CSD would be more 
pronounced in accessing LT than resection, given the 
rigours of completing LT evaluation. Therefore, in our 
primary survival analysis, participants were categorised 
into three outcomes: transplanted, alive without trans-
plant (including patients alive who underwent resection) 
and deceased without transplant. In a sensitivity analysis, 
participants were categorised into three outcomes: trans-
planted or resected, alive without transplant or resection 
and deceased without transplant or resection.

The outcomes of LT and survival were analysed using 
the Fine and Gray method, treating death as a competing 
risk for LT and vice versa.22 Only patients with BCLC 
stage 0 and with A and B disease were included in the LT 
models while all patients were included in the survival 
models. For both outcomes, subjects who were alive 
without transplant were censored at last known date alive 
as of December 2022. For the outcome of LT, deceased 
non-transplanted subjects were censored at time of death. 
For the outcome of survival, non-deceased transplanted 
subjects were censored at time of transplant.

Covariates considered for inclusion in the Fine-Gray 
Cox proportional hazards model included demographic 
(age, race, ethnicity, gender), clinical characteristics 
(MELD-NA, Child Pugh Score (CPS), AFP category, 
Milan status) and all SDOH. Variables were selected for 
inclusion in the models based on a significance threshold 
of p<0.05 from univariable analysis. To ensure model 
stability, as there were only 14 deaths in the reduced 
cohort, only one covariate was added to the multivariable 
model, with preference given to the covariate exhibiting 
the strongest association with the outcomes.23 Models 
were constructed separately for each outcome: one incor-
porating the CSD and another incorporating individual 
SDOH significant at p<0.05. Univariable Fine-Gray Cox 
proportional hazards models were run for the outcome 
of LT at each individual number of burdens to compare 
odds of transplant at various cut points.

Data summaries were produced using R Statistical Soft-
ware (V.4.1.0). All analytical assumptions were verified, 
with non-parametric tests being used where necessary. All 
analyses were performed using SAS V.9.4 (SAS Institute).

Results
There were 139 participants enrolled in the study; 14.4% 
were black race and 7.9% were Hispanic ethnicity. Most 
participants were men (73.4%), with an average age of 

64.0±8.2 years. The most common cause of liver disease 
was HCV (46.5%), followed by MASLD (33.9%) and ALD 
(15.7%). The mean MELD-Na score at enrolment was 
10.5 and 61.9% of participants were Child Pugh Category 
A. Over 75% of the cohort was BCLC stage A or B and 
62.6% of the cohort was within Milan criteria at diagnosis 
(table 1).

Cumulative social adversity by race
A total of 135 patients were included in this analysis; 20 
black and 115 white patients. One patient identified as 
Asian Pacific Islander, one as Native American and two 
self-identified as ‘other’. Although their data were not 
subjected to statistical comparison, the descriptive data 
are provided in online supplemental table 1A. Black 
patients had a significantly higher mean CSD than white 
patients in the cohort (5.4±2.5 vs 3.2±2.1, p<0.001) 
(figure 2, online supplemental table 1B).

When exploring individual CSD components, black 
patients were significantly more likely to have less than 
a high school education (35.0% vs 13.9%, p=0.046); 
however, disease-specific knowledge (black patients 
50.0% vs white patients 49.0%, p=0.94) and health 
literacy (Q1 health literacy scores in black patients 25.0% 
vs white patients 19.1%, p=0.55) were similar between the 
two groups. Black patients were significantly more likely 
to have household incomes less than US$15 000 per year 
(52.6% vs 18.3%, p=0.003), to be insured by Medicaid 
(57.9% vs 33.0%, p=0.04), and to live in neighbourhoods 
with a high SDI (68.4% vs 17.5%, p<0.001) than white 
patients. Black and white patients reported similar instru-
mental social support (Q1 instrumental social support in 
black patients 35.0% vs white patients 19.6%, p=0.15), 
however, black patients were significantly more likely to 
be unmarried (80.0% vs 40.9%, p=0.001). Self-reported 
adherence was similar between black and white patients 
(Q1 adherence scores in black patients 25.0% vs white 
patients 22.3%, p=0.78) (figure 2).

Cumulative social adversity by gender
There was a total of 138 patients included in this analysis, 
including 102 men and 36 women. There was one patient 
who identified themselves as transgender. The CSD was 
similar between men and women in the cohort (3.4±2.4 
vs 3.6±2.0, p=0.75) (online supplemental table 2).

There were no significant differences in the individual 
CSD components by gender. Social determinants with 
greater than a 10% difference between groups although 
lacking statistical significance were observed. Women 
were observed with a higher proportion within the income 
bracket under US$15 000 (31.2% vs 20.2%, p=0.20), as 
well as in the category reporting difficulty paying bills 
compared with men (41.2% vs 28.7%, p=0.18) (online 
supplemental table 2).

Cumulative burden score by aetiology of liver disease
The 122 patients in this analysis had been diagnosed 
with ALD (n=20), HCV (n=59) and MASLD (n=43). 

https://dx.doi.org/10.1136/bmjgast-2024-001537
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Table 1  Demographic and clinical characteristics by survival or liver transplant status

Alive without 
transplant (N=69) Transplanted (N=41)

Deceased without 
transplant (N=29) Total (N=139) P value

Gender 0.86*

 � Women 17 (24.6%) 12 (29.3%) 7 (24.1%) 36 (25.9%)

 � Men 51 (73.9%) 29 (70.7%) 22 (75.9%) 102 (73.4%)

 � Transgender 1 (1.4%) 0 (0.0%) 0 (0.0%) 1 (0.7%)

Race 0.01†

 � Asian or Pacific 
Islander

1 (1.4%) 0 (0.0%) 0 (0.0%) 1 (0.7%)

 � Black or African 
American

16 (23.2%) 3 (7.3%) 1 (3.4%) 20 (14.4%)

 � Native 
American or 
American Indian

0 (0.0%) 1 (2.4%) 0 (0.0%) 1 (0.7%)

 � Other 0 (0.0%) 2 (4.9%) 0 (0.0%) 2 (1.4%)

 � White 52 (75.4%) 35 (85.4%) 28 (96.6%) 115 (82.7%)

Hispanic ethnicity 0.46

 � No 64 (92.8%) 36 (87.8%) 28 (96.6%) 128 (92.1%)

 � Yes 5 (7.2%) 5 (12.2%) 1 (3.4%) 11 (7.9%)

Age at diagnosis 0.96

 � Mean (SD) 63.8 (9.1) 64.1 (6.8) 64.3 (8.0) 64.0 (8.2)

 � Median (Q1, 
Q3)

64.8 (59.1, 69.2) 64.2 (60.2, 69.3) 64.3 (58.2, 68.2) 64.4 (59.0, 69.2)

 � Range 33.6–80.8 51.0–81.1 50.2–79.3 33.6–81.1

BMI at the time of 
HCC diagnosis

0.09

 � Mean (SD) 28.9 (6.2) 30.1 (5.5) 32.2 (7.6) 29.9 (6.4)

 � Median (Q1, 
Q3)

29.0 (25.1, 31.9) 28.6 (25.9, 34.5) 32.2 (25.6, 36.5) 29.3 (25.3, 33.8)

 � Range 16.8–48.5 22.2–43.2 21.2–49.2 16.8–49.2

 � N-Miss 4 4 3 11

CCI 0.22

 � Mean (SD) 7.9 (2.3) 7.3 (1.4) 8.4 (2.1) 7.8 (2.1)

 � Median (Q1, 
Q3)

7.0 (7.0, 9.0) 7.0 (7.0, 8.0) 8.0 (7.0, 10.0) 7.0 (7.0, 8.0)

 � Range 5.0–18.0 3.0–11.0 6.0–15.0 3.0–18.0

MELD-Na Score 
at diagnosis

0.23

 � Mean (SD) 10.2 (4.2) 10.5 (4.2) 11.5 (5.6) 10.5 (4.5)

 � Median (Q1, 
Q3)

9.3 (7.7, 10.6) 9.0 (7.7, 10.4) 10.0 (8.4, 11.2) 9.4 (7.8, 10.9)

 � Range 6.4–29.0 6.4–23.0 6.9–33.0 6.4–33.0

 � N-Miss 3 0 1 4

Child’s Pugh 
Score

0.12

 � Mean (SD) 6.0 (1.4) 6.6 (1.9) 6.6 (1.5) 6.3 (1.6)

 � Median (Q1, 
Q3)

5.0 (5.0, 7.0) 6.0 (5.0, 8.0) 6.0 (5.0, 8.0) 6.0 (5.0, 7.0)

 � Range 5.0–12.0 5.0–11.0 5.0–10.0 5.0–12.0

Continued
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Alive without 
transplant (N=69) Transplanted (N=41)

Deceased without 
transplant (N=29) Total (N=139) P value

 � N-Miss 1 1 1 3

Child Pugh 
Category

0.32‡

 � Child A 46 (66.7%) 24 (58.5%) 16 (55.2%) 86 (61.9%)

 � Child B 20 (29.0%) 12 (29.3%) 10 (34.5%) 42 (30.2%)

 � Child C 1 (1.4%) 4 (9.8%) 1 (3.4%) 6 (4.3%)

 � Unknown/
not enough 
information

2 (2.9%) 1 (2.4%) 2 (6.9%) 5 (3.6%)

Liver disease 
aetiology

0.16§

 � Alagille 1 (1.6%) 0 (0.0%) 0 (0.0%) 1 (0.8%)

 � ALD 10 (16.4%) 6 (15.4%) 4 (14.8%) 20 (15.7%)

 � Hepatitis C 34 (55.7%) 12 (30.8%) 13 (48.1%) 59 (46.5%)

 � MASLD 15 (24.6%) 18 (46.2%) 10 (37.0%) 43 (33.9%)

 � Unknown 1 (1.6%) 3 (7.7%) 0 (0.0%) 4 (3.1%)

 � N-Miss 8 2 2 12

AFP diagnosis 
(ng/mL)

0.04*

 � Mean (SD) 3379.2 (21382.4) 320.7 (1590.2) 3069.6 (7130.2) 2405.4 (15381.5)

 � Median (Q1, 
Q3)

10.6 (4.0, 93.3) 5.4 (3.3, 19.7) 13.7 (5.2, 333.6) 9.4 (4.0, 65.2)

 � Range 0.9–176 144.8 1.6–10 120.0 1.6–29 513.0 0.9–176 144.8

 � N-Miss 1 0 0 1

AFP category 0.13

 � <500 55 (80.9%) 38 (92.7%) 22 (75.9%) 115 (83.3%)

 � ≥500 13 (19.1%) 3 (7.3%) 7 (24.1%) 23 (16.7%)

 � N-Miss 1 0 0 1

Milan criteria 0.004

 � No 30 (43.5%) 7 (17.1%) 15 (51.7%) 52 (37.4%)

 � Yes 39 (56.5%) 34 (82.9%) 14 (48.3%) 87 (62.6%)

Number of 
tumours

0.12

 � 1 43 (63.2%) 29 (70.7%) 20 (74.1%) 92 (67.6%)

 � 2 11 (16.2%) 10 (24.4%) 5 (18.5%) 26 (19.1%)

 � 3 13 (19.1%) 2 (4.9%) 1 (3.7%) 16 (11.8%)

 � More than 3 1 (1.5%) 0 (0.0%) 1 (3.7%) 2 (1.5%)

 � N-Miss 1 0 2 3

Size of largest 
tumour

0.10

 � Mean (SD) 4.6 (3.5) 4.4 (4.9) 4.6 (3.2) 4.5 (3.9)

 � Median (Q1, 
Q3)

3.6 (2.3, 5.8) 2.5 (2.0, 4.5) 3.7 (2.8, 5.5) 3.2 (2.2, 5.3)

 � Range 1.2–18.0 1.0–25.0 1.1–16.9 1.0–25.0

 � N-Miss 1 0 2 3

BCLC stage 0.35¶

Table 1  Continued

Continued
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There were 12 patients with unknown or other aeti-
ologies of liver disease; the descriptive data are 
provided in online supplemental table 3A. The CSD 
was statistically significantly different by disease aeti-
ology (ALD 2.9±1.7; HCV 4.6±2.4; MASLD 2.4±1.7, 

p<0.001), with the highest CSD observed in those 
with HCV (figure 3, online supplemental table 3B).

Regarding CSD components, 15 of the 20 ALD 
patients incorrectly self-reported their aetiology of 
disease and the other 5 declined to answer yielding 

Alive without 
transplant (N=69) Transplanted (N=41)

Deceased without 
transplant (N=29) Total (N=139) P value

 � 0 0 (0.0%) 1 (2.4%) 0 (0.0%) 1 (0.7%)

 � A 24 (34.8%) 14 (34.1%) 7 (25.0%) 45 (32.6%)

 � B 29 (42.0%) 19 (46.3%) 12 (42.9%) 60 (43.5%)

 � C 14 (20.3%) 3 (7.3%) 7 (25.0%) 24 (17.4%)

 � D 2 (2.9%) 4 (9.8%) 2 (7.1%) 8 (5.8%)

 � N-Miss 0 0 1 1

*p-value<0.05
*Male versus female.
†Black versus white.
‡A versus B versus C.
§Hepatitis C versus MASLD versus ALD.
¶0/A/B vs. C/D
AFP, alpha-fetoprotein; ALD, alcohol-related liver disease; BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index ; CCI, Charlson 
Comorbidity Index ; HCC, hepatocellular carcinom; MASLD, metabolic dysfunction-associated steatotic liver disease; MELD-Na, model for 
end-stage liver disease sodium.

Table 1  Continued

Figure 2  Cumulative social disadvantage and components in black and white patients with hepatocellular carcinoma. 
PROMIS, Patient-Reported Outcomes Measurement Information System; SDI, Social Deprivation Index; SSI, Social Security 
Disability Insurance; BHLS, Brief Health Literacy Score.

https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
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a 0% correct disease identification for patients with 
ALD (ALD 0%, HCV 66.0%, MASLD 61.5%, p<0.001). 
Patients with underlying ALD were more likely to report 
issues with transportation (ALD 15.0%, HCV 10.2%, 
MASLD 0%, p=0.03) than other disease aetiologies. 
Patients with ALD and HCV were more likely to be in 
the lowest quartile for instrumental social support (ALD 
40.0%, HCV 28.1%, MASLD 9.5%, p=0.02) and also 
more likely to be unmarried (ALD 35.0%, HCV 61.0%, 
MASLD 34.9%, p=0.02). 41% of patients with HCV had 
household incomes less than US$15 000, compared 
with 11.8% and 9.5% in the ALD and MASLD cohort, 
respectively (p=0.001). Patients with HCV were also 
more likely to report unemployment (ALD 26.3%, HCV 
59.3%, MASLD 27.9%, p=0.002), to live in neighbour-
hoods in the highest quartile for SDI (ALD 21.1%, HCV 
39.7% and MASLD 7.0%, p=0.001) and to be insured 
by Medicaid (ALD 10.0%, HCV 55.2%, MASLD 20.9%, 
p≤0.001) than those with ALD or MASLD. Alcohol use 
in the past 90 days was highest in the group with HCV, 
which also included patients with combined HCV-ALD 
(ALD 15.0%, HCV 32.8%, MASLD 11.6%, p=0.03) 
(figure 3, online supplemental table 3B).

Association of individual SDOH and CSD with survival and LT
All 139 patients were included in the analysis; there were 
41 patients who underwent LT, 29 who died before LT 
and 69 who were alive without LT at the end of the study 
period (online supplemental table 4). Participants were 
followed for a median of 386 days. The group that under-
went LT had the lowest CSD (alive 4.1±2.6, LT 2.7±1.9, 
deceased 3.1±1.7, p=0.01). The group that was alive 
without LT was most likely to be insured by Medicaid 
(alive 45.6%, LT 24.4%, deceased 27.6%, p=0.049), 
unmarried (alive 56.5%, LT 31.7%, deceased 41.4%, 
p=0.04) and to have used alcohol in the last 90 days 
(alive 30.4%, LT 9.8%, deceased 17.9%, p=0.03) (online 
supplemental table 4).

In univariable survival analysis with LT as a competing 
risk, CSD showed no association with survival (HR 0.93, 
95% CI 0.81 to 1.07, p=0.30) (online supplemental table 
5). However, BHLS, Charlson score and MELD-Na were 
found to be significant. On multivariable analysis, quar-
tile 1 BHLS was associated with a significantly higher 
hazard for death than BHLS quartile 4 (HR 2.54, 95% CI 
1.19 to 5.43, p=0.02) (table 2).

Figure 3  Cumulative social disadvantage and components by liver disease aetiology. ALD, alcohol-related liver disease; 
MASLD, metabolic dysfunction-associated steatotic liver disease; PROMIS, Patient-Reported Outcomes Measurement 
Information System; SDI, Social Deprivation Index, SSI, Social Security Disability Insurance, BHLS Brief Health Literacy Score.

https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
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In univariable competing risk analysis, CSD and 
Charlson scores were significantly associated with LT 
among patients with BCLC0-B HCC; alcohol use in the 
past 90 days approached significance (online supple-
mental table 6). In multivariable analysis, a higher CSD 
remained associated with a lower likelihood for LT (HR 
0.80, 95% CI 0.68 to 0.95, p=0.01). On sensitivity analysis 
exploring both resection and LT together as an outcome 
among those with BCLC 0-B HCC, CSD was not signifi-
cantly associated with therapy receipt (HR 0.89, 95% CI 
0.74 to 1.06, p=0.189) (table 2).

DISCUSSION
Analysis of administrative datasets and retrospective 
cohorts has demonstrated an association between the 
SDOH and both the failure to receive LT and mortality 
in HCC.6 24 25 However, the capacity to thoroughly 
examine the influence of SDOH within these data-
sets is constrained. Moreover, patients, specifically in 
marginalised groups, often experience multiple adverse 
SDOH simultaneously, yet our current analysis is limited 
to exploring each need individually. Our study marks 
an important effort in prospectively exploring SDOH 
individually and collectively. Notably, we have identi-
fied health literacy to be associated with survival in this 
cohort. In addition, the data suggest that the cumulative 
burden of adversity as captured by CSD is a barrier to 
receipt of LT. Furthermore, we present novel findings on 
the prevalence of individual-level SDOH in patients with 
HCC and how those vary by race, gender and disease aeti-
ology. These insights provide important data for tailoring 
interventions aimed at mitigating disparities in HCC 
outcomes.

Black patients exhibited significantly higher levels of 
adverse SDOH in the ability to reach and pay domain 
while encountering fewer challenges in the ability to 

perceive or engage domain compared with their white 
counterparts. Consequently, black patients carried a 
substantially higher CSD, with an average of two addi-
tional burdens compared with white patients in our 
cohort. Hypotheses regarding racial healthcare dispari-
ties have included differences in literacy,26 social support27 
and even adherence.28 While these factors may also be 
playing a role, our preliminary findings suggest that the 
primary barriers in patients with HCC lie in the realm of 
accessibility and affordability, with objective measures of 
literacy, social support and adherence showing compa-
rable levels between the two racial groups. Black race has 
been associated with a failure to receive curative thera-
pies for HCC.29 30 These data suggest that interventions 
that help to mitigate the cumulative burden of adversity 
may improve these outcomes.

Patients with underlying HCV and ALD had addi-
tional adverse SDOH than those with HCC and MASLD. 
Furthermore, it is noteworthy that patients with HCC 
and ALD demonstrated a 100% failure rate in accu-
rately defining their disease aetiology. This observation 
may stem from the stigma associated with ALD rather 
than a genuine lack of understanding among patients. 
Addressing this stigma is crucial in advancing efforts to 
improve patient likelihood of transplant candidacy and 
outcomes.26 Furthermore, patients with underlying ALD 
and HCV may need tailored support interventions to 
facilitate access to LT and achieve optimal outcomes.

Knowledge barriers were not limited to patients with 
ALD, 20% of the cohort had BHLS in the first quartile 
consistent with inadequate health literacy. Furthermore, 
health literacy was the only SDOH associated with survival 
in this cohort. While previous studies have linked low 
health literacy with reduced odds of being listed for LT, 
its specific impact on the survival of patients with HCC 
has not been previously explored.31 32 Health literacy is 
a complicated construct,33 however, most definitions 
agree that health knowledge is an important component. 
Improving health-related knowledge has been associated 
with behaviour changes and improved cancer-related 
outcomes.34 The BHLS offers distinct advantages over 
alternative health literacy screening tools. As a patient-
reported outcome measure comprising only three items, 
the BHLS facilitates quick administration and scoring in 
outpatient clinical settings.

Despite recommendations for alcohol cessation, 21.7% 
of patients in our cohort continued to use alcohol, 
lowering their odds of eligibility for LT. We have previ-
ously shown that alcohol use is a barrier to LT for black 
patients with HCC.29 The need for early screening, diag-
nosis and referral for treatment of alcohol use disorder 
within primary care and gastroenterology and hepatology 
clinics has long been established.35 However, it is not 
clear how often this is being implemented in practice.

Finally, CSD was associated with the receipt of LT but 
not with the receipt of all curative therapies. This aligns 
with the hypothesis that the complexities of the LT care 
cascade—encompassing numerous system, provider and 

Table 2  Multivariable analysis: association of CSD or 
SDOH with LT or survival

Outcome: LT

Predictor HR estimate 95% CI P value

CSD 0.80 0.68 to 0.95 0.01
Charlson 0.79 0.64 to 0.97 0.02

Outcome: 
survival

Predictor HR estimate 95% CI P value

BHLS (Q1 vs 
Q2/3/4)

2.54 1.19 to 5.43 0.02

MELD Na 1.07 1.00 to 1.16 0.07

Charlson total 1.19 1.05 to 1.34 0.01

Milan (yes vs no) 0.31 0.15 to 0.65 0.002

BHLS, Brief Health Literacy Score; CSD, cumulative social 
disadvantage; LT, liver transplant; MELD-Na, model for end-stage 
liver disease sodium ; SDOH, social determinants of health.

https://dx.doi.org/10.1136/bmjgast-2024-001537
https://dx.doi.org/10.1136/bmjgast-2024-001537
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patient factors—may be exacerbated by SDOH, whereas 
the path to resection, which involves imaging and surgical 
consultation, may be more straightforward. Further-
more, the lack of association with any single adverse 
SDOH, but with CSD, suggests that efforts to understand 
the full spectrum of social disadvantage experienced by 
patients are warranted. CSD has also been associated with 
all-cause mortality and the receipt of treatment for colon 
cancer.10 36

Next steps
In our cohort, we found that low health literacy was 
linked to mortality, while CSD was associated with 
LT receipt. While awaiting larger validation studies, 
immediate actions are recommended. The National 
Academy of Science and Engineering outlines a 
five-step process for integrating, screening and 
addressing SDOH within the healthcare system: (1) 
awareness, (2) assistance, (3) adjustment, (4) align-
ment and (5) advocacy.37 Step 1, awareness, involves 
screening for SDOH and health literacy using tools 
like the BHLS, which is efficient, evidenced based 
and can be completed well before starting a trans-
plant evaluation.35 There are multiple validated social 
needs screening tools to consider based on languages 
needed, setting and time available.38 Step 2, assis-
tance, and step 3, adjustment, involve aiding patients 
who screen positive and adapting practices. The 
Agency for Healthcare Research and Quality provides 
a Health Literacy Universal Precaution Toolkit with 
methods like teach-back and medication reviews to 
support patients with low health literacy.39 Given 
limited resources, focusing first on patients with the 
highest CSD might be considered. Steps 4 and 5, 
alignment and advocacy, require health systems to 
invest in community-level social care resources and 
advocate for policy changes with payers and stake-
holders to support these patients.

This is the first study to prospectively collect 
individual-level SDOH, social risk and health 
behaviour data on patients with chronic liver disease 
or HCC. While our study is the largest to date in this 
area, a larger sample size may have identified addi-
tional SDOH that were significantly associated with 
the outcomes. Therefore, those SDOH variables that 
showed modest association, yet did not meet signif-
icance, likely warrant further study. While our study 
sample included patients from both an academic 
centre and a safety net hospital, both are located in 
Indiana. It is possible that patients in other parts of 
the country face different challenges with SDOH like 
transportation, for example. Furthermore, Indiana 
is a Medicaid expansion state, therefore, LT may be 
more widely available than in states where Medicaid 
was not expanded. Finally, SDOH burdens may not all 
be equivalent, and therefore, not equally additive as 
reflected in our CSD.

In this cohort, we observed a significant association 
between health literacy and survival and the CSD and 
receipt of LT in patients with HCC. There are existing 
tools to screen for these barriers and actions we can 
begin to take to mitigate these barriers for our patients. 
However, there remains a need for interventions specifi-
cally designed to enhance HCC-related knowledge and to 
address the impact of the cumulative burden of adversity 
in patients with HCC.
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