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Abstract

Background & Aims: The Affordable Care Act provided the opportunity for states to expand 

Medicaid for low-income individuals. Not all states adopted Medicaid expansion, and the timing 

of adoption among expansion states varied. Prior studies demonstrated that Medicaid expansion 

improved mortality for several chronic conditions. Although there are data on the association 

between Medicaid expansion on insurance type among patients waitlisted for a liver transplant, 

there are no data on its impact on liver disease-related mortality in the broader population. We 

therefore sought to evaluate the association between Medicaid expansion and state-level liver 

disease-related mortality using a quasi-experimental study design.

Methods: We evaluated age-adjusted state-level liver disease-related mortality rates using CDC 

data. We fit multivariable linear regression models that accounted for socio-demographic, clinical, 

and access-to-care variables at the state level, and a difference-in-difference estimator to evaluate 

the association between Medicaid expansion and liver disease-related mortality.

Results: In multivariable linear regression models, there was a significant association between 

Medicaid expansion and liver disease-related mortality (p=0.02). Medicaid expansion was 

associated with 8.3 (95% CI: 1.6–15.1) fewer deaths from liver disease per 1,000,000 adult 

residents per year after Medicaid expansion compared to what would have been expected to occur 

if those states followed the same trajectory as non-expansion states. The impact of Medicaid 
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expansion translated to 870 fewer liver-related deaths per year in expansion states (4,350 in the 

post-expansion study period from 2014–2018).

Conclusions: These data support the contention that Medicaid expansion has been associated 

with significantly decreased liver disease-related mortality. Universal Medicaid expansion could 

further decrease liver disease-related mortality in the US.

Introduction

In 2010, the Patient Protection and Affordable Care Act (ACA) created a paradigm shift in 

provision of insurance to low-income individuals. The ACA not only offered the opportunity 

for states to expand Medicaid eligibility to individuals with incomes at or below 138% of 

the federal poverty line, but it emphasized preventive care.1 The ACA offered the potential 

to provided health insurance to many more individuals, with studies demonstrating that 

utilization of health resources and preventive care measures increased as a result.1 Though 

the implementation of the ACA began in January 2014, the uptake of Medicaid expansion 

was not uniform across the 50 states, and varied in scope and timing.2

Previous studies have demonstrated improvements in population-level mortality (state- and 

county-level) due to Medicaid expansion. States that expanded Medicaid had improvements 

in cardiovascular mortality (smaller increase in mortality in expansion vs non-expansion 

states) and a decrease in all-cause mortality among patients with end-stage renal disease 

and newly initiated hemodialysis.3–6 Although Medicaid expansion was associated with 

an increase in the proportion of liver transplant waitlist candidates enrolled in Medicaid,7 

its impact on liver mortality remains unknown. In the broader context of policy debates 

about Medicaid expansion to all states, potential repeals of the ACA, and even universal 

healthcare, the question of the impact of Medicaid expansion on liver mortality is of utmost 

importance.

There are several potential mechanisms by which Medicaid expansion may have impacted 

liver-related mortality at the state level within a short period of time. First, the period 

of Medicaid expansion coincided with the approval of all-oral direct acting antivirals 

(DAA’s) for patients with hepatitis C virus (HCV) at the end of 20138–10, which could 

lower mortality for HCV-infected patients within a matter of a few years.11,12 Secondly, 

provision of health insurance (i.e., Medicaid) for patients with cirrhosis could provide access 

to specialty care (gastroenterologists and/or hepatologists), which has been shown to be 

associated with improved care and lower mortality for patients with cirrhosis.13–20 It is for 

these reasons that we sought to evaluate the association between Medicaid expansion and 

liver-related mortality at the state level.

Methods

This was a retrospective cohort study evaluating the association between Medicaid 

expansion and liver morality employing a difference-in-differences (DID) method.3,6,21 The 

primary outcome was annual state-level annual age-adjusted liver-related mortality rates 

using International Classification of Disease, 10th revision (ICD −10) codes included in prior 

studies from the Centers for Disease Control and Prevention’s Wide-ranging Online Data 
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for Epidemiologic Research mortality database (CDC Wonder) between 2010–2018.22,23 We 

only included adults aged 25–64 years of age given patients become Medicare eligible at 

age 65.17,18 Data were evaluated at the state, rather than county level, due to the available 

data and small sample sizes of mortality in counties in any given calendar year (CDC 

Wonder only provides age-adjusted mortality rates for subgroups with at least 20 deaths 

during the requested time period). State-level data were the unit of analysis to assess whether 

a policy change (i.e., Medicaid expansion) impacted liver-related mortality at the broader 

population-level, rather than for the individual patient.

Study Covariates

We included several socio-demographic, clinical, and access-to-care variables that may 

be associated with state-level liver-related mortality rates: 1) race/ethnicity and gender 

using 2010 US Census data available from CDC Wonder23; 2) percentage of adults with 

a household income <138% of the federal poverty level (FPL) based on the Small Area 

Income and Poverty Estimates (SAIPE) program;24 3) percentage of adults with health 

insurance among those at or below 138% federal poverty level in 2010 based on the 

Small Area Health Insurance Estimates (SAHIE) program25;) percentage of adults with 

diabetes, obesity, and heavy alcohol use in 2010 based on the CDC Behavioral Risk Factor 

Surveillance System26; 4) percentage of adults that were unemployed in 2010 from the 

Bureau of Labor Statistics;27 5) median household income from the SAIPE;24 and 6) 

the number of primary care physicians and board-certified gastroenterologists per 100,000 

population in 2010 based on the Health Resources and Services Administration Area Health 

Resources Files.28 These covariates had been considered in prior studies addressing the 

impact of Medicaid expansion on cardiovascular mortality.18 Importantly, although there 

have been changes in the demographics of the United States during the study period, the 

annual percentage of adults ages 25–64 in a given state that were a specific race, ethnicity, 

or gender were largely stable from year to year, and therefore using 2010 ‘baseline’ 

demographics data were valid.

Study Design

The goal of this study was to determine whether Medicaid expansion under the ACA 

was associated with improved liver-related mortality rates at the state level. We used 

a quasi-experimental study design using a DID estimator3,6,17,18,21 which allowed us to 

compare changes in liver-related mortality over time in the ‘intervention’ group (states with 

Medicaid expansion) to a comparator group (states that did not expand Medicaid). This 

approach also accounts for differences in baseline mortality pre-2014 across expansion vs 

non-expansion states. The comparator group allowed us to determine whether changes in 

mortality in expansion states was associated with the policy change, or rather some other 

broader intervention that would impact liver-related mortality. This approach was needed 

for this study given the temporal relationship between Medicaid expansion and approval of 

all-oral DAA’s. The DID method therefore would provide insight as to whether changes 

in mortality in expansion states pre- vs post-expansion was related simply to approval of 

DAA’s (which would apply in non-expansion states as well), or some other policy change 

(i.e., Medicaid expansion).
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States classified as ‘expansion were states that expanded Medicaid eligibility as of January 

1, 2014, and/or those that expanded Medicaid during the intervention period, consistent with 

prior studies.3,17,18 The years 2010–2013 were universally deemed pre-expansion years for 

all states, and was adjusted to later (e.g., 2015 was post-expansion year rather than 2014) for 

the states that expanded Medicaid during the intervention period but after January 1, 2014).

Statistical Analysis

We first compared the baseline characteristics of the Medicaid expansion and non-expansion 

states using rank-sum tests due to the non-normal distribution of the data. We also compared 

baseline liver mortality rate among expansion and non-expansion states in 2010. To evaluate 

potential covariates associated with state-level liver-related mortality, we fit multilevel mixed 

effects model with random intercepts at each state. This method allowed us to account for 

differences in the baseline liver disease-related mortality rate for each state and to account 

for correlation within states due to repeated measures across years. We evaluated all the 

covariates listed above in univariable models and considered those with a p-value <0.1 for 

inclusion in the final multivariable model. We fit a multivariable linear regression model 

using a backwards selection process and retained covariates with a p-value <0.1 in the 

final model. We then used the predict command in Stata to estimate fully adjusted annual 

state-level liver-related mortality rates, accounting for all factors except for those related to 

Medicaid expansion.

To specifically evaluate the association between Medicaid expansion and state-level liver-

related mortality, we fit similar models to those described above, including the covariates 

that were significant in the models with a p-value <0.1. These models included a variable 

for expansion status (expansion vs non-expansion state), indicator for pre-expansion and 

post-expansion period (i.e., 2010–2013 was pre-expansion for all states, and 2014–2018 

was post-expansion unless otherwise specified above), and an interaction term between 

expansion status and period. This interaction term represented the DID estimator and 

signified whether Medicaid expansion was associated with a difference in liver-related 

mortality in expansion vs non-expansion states (formula shown in Supplementary Material).

Secondary Analysis

The underlying cause of death for patients with liver disease-related mortality in CDC 

Wonder focused largely on cirrhosis or complications of portal hypertension (e.g., ascites, 

variceal bleed) rather than the etiology of liver disease other than alcohol-induced cirrhosis 

(e.g., HCV).22 Therefore, we could not specifically evaluate changes in HCV-related 

mortality pre- vs post-expansion. However, to explore whether access to DAA’s could 

help to explain changes in mortality with Medicaid expansion, we compared the ‘grade’ 

of expansion vs non-expansion states related to access to DAA treatment. This score was 

based on 2017 data released by the Center for Health Law and Policy Innovation (CHLPI) 

in conjunction with the National Viral Hepatitis Roundtable (NVHR) entitled, “Hepatitis C: 

The State of Medicaid Access.”29 A state’s HCV grade was based on coverage restrictions 

related to: extent of liver fibrosis, amount of time in sobriety, and who can prescribe the 

DAA agents (i.e., provider type/specialty). Based on these restrictions, states were assigned 
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a letter grade from A-F for their Medicaid accessibility to DAA’s.29 To further investigate 

the impact of DAA’s, we refit models only among states with HCV grades A and B.

Analyses were conducted using STATA version 16 (College Station, Texas). This study was 

deemed exempt by the Institutional Review Board at the University of Miami.

Results

During the study period, there were 31 states (including Washington D.C.) that had adopted 

Medicaid expansion, while 20 states did not. In 2010, age-adjusted liver mortality did 

not vary significantly between expansion and non-expansion states (P= 0.97). Expansion 

and non-expansion states were not significantly different with respect to the percentage 

of their adult population that was Black race, Hispanic ethnicity, or female gender (Table 

1). In addition, expansion and non-expansion states did not differ in the percentage of 

adults that were unemployed, or the number of primary care doctors or board-certified 

gastroenterologists per 100,000 population (Table 1). The household income and percentage 

of adults that were insured were significantly higher in expansion states, and while there was 

a higher percentage of adults with heavy alcohol use in expansion states, there was a greater 

prevalence of obesity in non-expansion states (Table 1).

When the data for each state was aggregated into pre- vs post-expansion periods, the 

increase in liver-related mortality was less pronounced in expansion states. In expansion 

states, the median state-level age-adjusted liver-related mortality rate increased from 14.5 

deaths per 100,000 population (interquartile range [IQR]: 11.7–18.3) in the pre-expansion 

period to 15.5 deaths per 100,000 population (IQR: 12.3–19.3) in the post-expansion period. 

The increase in state-level mortality was greater in non-expansion states, increasing from 

14.3 deaths per 100,000 population (IQR: 12.3–17.2) in the pre-expansion period to 15.9 

deaths per 100,000 population (IQR: 13.7–18.7) in the post-expansion period (Figure 1).

The year-to-year age-adjusted (but otherwise unadjusted) state-level liver disease-related 

mortality rates followed a similar pattern in expansion vs non-expansion states (Figures 

2a and 2b). However, the pattern of year-to-year changes in mortality for expansion vs 

non-expansion states was apparent after adjusting for significant covariates (Figures 3a and 

3b).

Multivariable model

In unadjusted models, the DID estimate comparing expansion vs non-expansion states was 

not statistically significant: −0.56 (95% CI: −1.22, 0.09; p=0.09). Yet in the multivariable 

model, after accounting for important confounders (Table 2), the adjusted DID estimate was 

statistically significant: 0.83 (95% CI: −1.51, −0.16; p=0.02). Therefore, after adjustment for 

socio-demographic, clinical, and access-to-care variables across the 50 states + Washington, 

D.C., expansion states on average had 8.3 (95% CI: 1.6–15.1) fewer deaths from liver 

disease per 1,000,000 adult residents per year after Medicaid expansion compared to 

what would have been expected to occur if those states followed the same trajectory as 

non-expansion states. For example, based on the adult populations ages 25–64 years in 

California (20.9 million) and New York (10.6 million), then an average of 175 and 88 liver 
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disease-related deaths were averted each year between 2014–2018 in each state, respectively, 

due to Medicaid expansion in those states.

Lastly, in an exploratory analysis, we evaluated the state HCV grade of expansion vs 

non-expansion states based on the CHLPI report.29 Although not statistically significant 

(p=0.11 in chi-squared test), expansion states were more likely to have a state HCV grade of 

A (58.1% vs 25.0%; Figure 4). In models using only states with HCV grades A and B, the 

DID estimate comparing expansion vs non-expansion states was not statistically significant 

in univariable models: −0.16 (95% CI: −1.03, 0.7; p=0.71), or multivariable models: −0.46 

(95% CI: −1.36, 0.4; p=0.30).

Discussion

States that adopted Medicaid expansion saw a significantly smaller increase in liver disease-

related mortality among adults ages 25–64 when compared to states that did not expand 

Medicaid. By virtue of adopting Medicaid, expansion states on average saw 8.3 fewer liver 

disease-related deaths per million population per year than would have otherwise been 

expected had they not adopted Medicaid. Given the adult population ages 25–64 in these 

states represented an average of 105 million persons between 2014–2018 this translated to 

870 fewer liver-related deaths per year, or more than 4,000 deaths in the post-expansion 

period under study (2014–2018). These data confirm prior studies of improvements in 

mortality related to cardiovascular and end-stage renal disease,3–6 and therefore further 

support the contention that access to insurance for the Medicaid-eligible population reaps 

immediate public health benefits in the form of decreased mortality.

Although previous studies have demonstrated that Medicaid expansion led to an increase 

in the proportion of liver transplant waitlist candidates who were Medicaid enrolles,7 the 

impact of Medicaid expansion on liver disease-related mortality has not been evaluated 

at the population-level. Several studies have demonstrated improved survival for several 

chronic conditions following Medicaid expansion, including cardiovascular and end-stage 

renal disease, at the population-level (e.g., county, state).3–6 However, beyond these 

epidemiologic studies at the population-level, patient-level analyses have identified potential 

mechanisms for improved survival with Medicaid expansion, including access to preventive 

outpatient care for diabetes and cardiovascular disease, in addition to high-priced inpatient 

care such as coronary artery bypass surgery.1,4,30,31 Although our study did not allow us to 

identify the specific mechanisms by which Medicaid expansion was associated with relative 

improvements in liver disease-related mortality, there are several plausible hypotheses.

The improvements in liver disease-related mortality in a short period of time (‘improvement’ 

defined as a slower increase in mortality) points towards immediate interventions to improve 

survival in patients with advanced liver disease, similar to the benefit seen in patients 

with cardiovascular disease. There are several potential mechanisms to explain our findings 

which would need to be confirmed in future studies. First, as previously shown, there 

was an increased proportion of patients waitlisted for a liver transplant with Medicaid.7 

Thus access to this lifesaving procedure may have improved survival. Second, treatment 

of HCV, especially in patients with more advanced liver disease, improves survival in a 
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short period of time.11,12 Medicaid expansion would likely have increased the number of 

HCV-infected patients who received treatment, and therefore experienced a survival benefit. 

Although we did not see a statistically significant difference in models limited to Grade 

A and B states, the point estimate (−0.46) was in a similar direction to that of the overall 

model (−0.83). Additionally, because state HCV grades were released in 2017, there may 

have been changes to DAA access between 2014–2017 that we could not fully account for. 

Lastly, access to specialty care (gastroenterologists and/or hepatologists), has been shown 

to be associated with improved care and lower mortality for patients with cirrhosis in both 

the outpatient and inpatient setting.13–20 As a result, by expanding the pool of insured 

patients with advanced liver disease, more patients would have had access to specialty care 

(and likely at an earlier course of their disease), which could plausibly decrease mortality 

in the short-term. Despite the apparent benefit of Medicaid expansion, both expansion 

and non-expansion states saw an increase in liver-related mortality. Liver mortality has 

risen, especially among younger individuals with alcohol-induced cirrhosis, and patients 

with cirrhosis from NAFLD/NASH.22 Moreover, though advents in HCV treatment have 

decreased the burden of HCV-related decompensated cirrhosis, the incidence of alcohol-

induced and non-alcoholic fatty liver diseases is rising, and there is still a burden of HCC 

among patients previously infected with HCV.22,32

Despite the robustness of our results, our study had limitations. First, analyses were at 

the level of the state, rather than the patient. However, our approach is similar to other 

high-profile studies that explored the impact of Medicaid expansion.3–6 Second, we could 

not explore the potential mechanisms leading to improved survival, although we offer 

several potential hypotheses supported by new and/or published data. Third, other factors 

may have differentially affected survival of patients with advanced liver disease during this 

period, although we would not expect other aspects of the ACA, applied on a national 

level, to have differentially affected patients in expansion states. The quasi-experimental 

DID approach allowed us to account for other broader practice changes that could have 

impacted survival (e.g., our DID approach takes into account the advent of all-oral DAAs in 

2014 and may be in the causal pathway of improved survival in expansion states). Fourth, 

specific liver etiology such as HCV/NASH cannot be assessed using death certificate data. 

These diagnoses are not considered the underlying cause of death, unlike cirrhosis or HCC, 

and they are often missing on death certificates. Lastly, our denominator was the overall 

population, and not specifically Medicaid-eligible persons, similar to prior studies.3–6 While 

this prevents us from examining whether Medicaid expansion improved survival of the 

Medicaid-eligible population, it still addressed our question of whether Medicaid expansion 

leads to decreased mortality at the state level.

In conclusion, this study demonstrates an association between Medicaid expansion and 

lower relative liver disease-related mortality in expansion states. Given the burden of liver 

disease in the Medicaid population, and ongoing debates about Medicaid expansion vs ACA 

repeal vs universal health insurance, these results should serve to inform policymakers 

considering the potential impact of broader health insurance coverage to low-income 

individuals.
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What You Need to Know

Background:

Data are lacking on the impact of Medicaid expansion on state-level mortality among 

patients with advanced liver disease.

Findings:

Although liver disease-related mortality increased in Medicaid expansion and non-

expansion state, the increase in mortality was lower in Medicaid expansion states. 

Medicaid expansion was associated with 8.3 (95% CI: 1.6–15.1) fewer deaths from liver 

disease per 1,000,000 adult residents per year after Medicaid expansion compared to 

what would have been expected to occur if those states followed the same trajectory as 

non-expansion states.

Implications for patient care:

These data support the contention that Medicaid expansion has been associated with 

significantly decreased liver disease-related mortality. Universal Medicaid expansion 

could further decrease liver disease-related mortality in the US.
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Figure 1: Age-adjusted liver disease-related mortality states in expansion vs non-expansion states 
in pre- vs post-expansion periods*
a. State-level data aggregated into pre- vs post-expansion period

b. 3 expansion states and 2 non-expansion states not shown as they were outliers with 

age-adjusted liver disease-related mortality rates of >25 deaths per 100,000 population
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Figure 2 (two panels): Annual distribution of age-adjusted liver disease-related mortality rates in 
expansion and non-expansion states*
a. Figure 2a: Annual age-adjusted liver disease-related mortality rates among expansion 

states

b. Figure 2b: Annual age-adjusted liver disease-related mortality rates among non-expansion 

states

i. * States with liver disease-related mortality rates that were outliers (>25 deaths per 

100,000 population) not shown in Figures 2a (n=13), 2b (n=10)
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Figure 3 (two panels): Annual distribution of fully adjusted liver disease-related mortality rates 
in expansion and non-expansion states*
a. Figure 3a: Annual fully adjusted liver disease-related mortality rates among expansion 

states†

b. Figure 3b: Annual fully adjusted liver disease-related mortality rates among non-

expansion states†

i. * States with liver disease-related mortality rates that were outliers (>25 deaths per 

100,000 population) not shown in Figure 3a (n=9)
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ii. † Fully adjusted mortality rates based on post-estimation values from final multivariable 

linear regression model
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Figure 4: State grades for access to DAA therapy for expansion vs non-expansion states
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Table 1:

Comparison of socio-demographic and clinical characteristics of expansion vs non-expansion states based on 

2010 data

Variable Medicaid expansion N=31 Medicaid non-expansion N=20 P-value

Black race 7.4% (2.9–14.0%) 11.9% (3.1–23.7%) 0.24

Hispanic ethnicity 8.1% (3.8–14.5%) 7.5% (3.8–8.6%) 0.46

Female sex 50.4% (49.9–51.1%) 50.7% (49.7–51.2%) 0.73

History of diabetes 8.5% (7.4–9.3%) 9.6% (7.8–10.4%) 0.07

Obese 25.6% (23.9–29.1%) 29.4% (27.1–31.7%) 0.006

Heavy Alcohol Use 5.3% (4.4–5.8%) 4.8% (3.8–5.3%) 0.03

Insured among those at or below 138% of the federal poverty 
level

63.0% (57.0–71.1%) 57.8% (54.0–60.8%) 0.02

Living below federal poverty level 13.8% (11.5–15.8%) 16.2% (13.3–18.0%) 0.07

Unemployed 8.6% (7.7–10.3%) 8.4% (7.1–10.4%) 0.67

Median state household income $52,053 (45,354–60,729) $45,126 (42,313–48518) 0.005

Primary care doctors/100,000 population 30.7 (23.9–38.7) 31.1 (26.8–41.5) 0.69

Gastroenterologists/100,000 population 3.8 (3.1–5.2) 3.4 (2.8–4.0) 0.13

Data presented as median (IQR), with the unit of analysis each state
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Table 2:

Results of multivariable linear regression model*

Variable Beta coefficient P-value

Percentage in state female gender
† −1.75 (−2.53, −0.96) <0.001

Percentage in state Hispanic ethnicity
†‡

 <10% Reference

 10–19.9% −0.28 (−1.11, 0.56) 0.52

 20–39.9% −0.53 (−2.41, 1.35) 0.58

 ≥40% 18.39 (12.93, 23.85) <0.001

Percentage in state living below poverty level† 0.16 (−0.16, 0.34) 0.075

Percentage with health insurance† −0.15 (−0.25, −0.06) 0.001

Medicaid expander state 0.44 (−1.23, 2.11) 0.60

Post-expansion period 2.26 (1.66, 2.87) <0.001

Medicaid expander * expansion interaction −0.83 (−1.51, −0.16) 0.02

*
Beta coefficient represents change in age-adjusted mortality per 100,000 population per unit change of each variable. Variables not included in 

the final model because they were not significant (p>0.1) in univariable or multivariable models included: median household income, Black race, 
unemployment, number of gastroenterologists and primary care physicians per 100,000 population

†
Based on 2010 data among those living at or below 138% of the federal poverty level

‡
Hispanic ethnicity modeled as a categorical variable due to the distribu8on of the data
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