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Abstract

Background and Aim: The impact of household income, a surrogate of socioeconomic status,
on hospital readmission rates for patients with decompensated cirrhosis has not been well
characterized.

Methods: The Nationwide Readmission Database from 2012 to 2014 was used to study the
association of lower median household income on 30-, 90-, and 180-day hospital readmission rates
for patients with decompensated cirrhosis.

Results: From the 42 679 001 hospital admissions contained in the sample, there were 82 598
patients with decompensated cirrhosis who survived a hospital admission in the first 6 months of
the year. During a uniform 6-month follow-up period, 25 914 (31.4%), 39 928 (48.3%), and 47
496 (57.5%) patients were readmitted at 30, 90, and 180 days, respectively. After controlling for
demographic and clinical confounders, patients residing in the three lowest income quartiles were
significantly more likely to be readmitted at 30 days than those in the fourth quartile (first quartile,
odds ratio [OR] 1.32 [95% confidence interval, Cl, 1.17-1.47, P< 0.01]; second quartile, OR 1.25
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[95% CI 1.13-1.38, P< 0.01]; and third quartile, OR 1.08 [95% CI 0.97-1.20, A= 0.07]). The
association between lower socioeconomic status and the higher risk of readmissions persisted at
90 days (first quartile, OR 1.21 [95% CI 1.14-1.30, < 0.01]) and 180 days (first quartile, OR
1.32 [95% CI 1.20-1.44, P< 0.01]).

Conclusion: Patients with decompensated cirrhosis residing in the lowest income quartile had a
32% higher odds of hospital readmissions at 30, 90, and 180 days compared with those in the
highest income quartile.
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Introduction

There are an estimated 5.5 million people (2.2% of the population) living in the USA with
chronic liver disease.1=3 Ongoing liver inflammation and fibrosis leads to the development
of cirrhosis, a disease state characterized by hepatic decompensation and repeated hospital
admissions. Reported 30-day readmission rates for patients with decompensated cirrhosis
range from 30% to 40%, resulting in a substantial economic burden.#-8 Annual estimated
costs for a patient with decompensated cirrhosis are over $60 000 (USD) with the majority
of costs related to inpatient care and repeated hospitalizations.” For example, hepatic
encephalopathy (HE) is responsible for over 100 000 discharges per year in the USA at an
average cost of $17 812 per admission.8 Given the economic impact of frequent hospital
readmissions as well as its negative effect on health-care-related quality of life, attention has
been devoted to predicting and ultimately reducing readmissions in this population.®

Many patient-level factors have been associated with higher readmission rates including
disease severity (model of end-stage liver disease [MELD] score and hyponatremia), number
of discharge medications, and specific decompensating events such as HE.#-6:10 |n addition,
there is a growing literature demonstrating that socioeconomic status (SES) is a predictor of
hospital readmissions in numerous patient populations.11-14 It has been suggested that SES
also impacts readmission rates in cirrhosis, with Medicaid status being associated with
higher readmission rates in one single-center study.® However, the relationship between
household income, a surrogate marker of SES, and readmission rates in decompensated
cirrhosis has not yet been examined in a large, heterogeneous, generalizable nationwide
sample.

The primary aim of our study was to use a nationally representative database to examine the
relationship between household income and 30-, 90-, and 180-day hospital readmission rates
in patients with decompensated cirrhosis. Based on existing literature in non-liver patient
populations, we hypothesized that patients with lower household income would have higher
readmission rates.11-13.15.16
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The study was conducted and presented in accordance with the STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE) statement.1” A waiver of consent for
this study was obtained from the Review Ethics Board of the University of Manitoba.

The Nationwide Readmission Database (NRD) sample from the 2012-2014 calendar year
was used for this analysis. The NRD is an administrative database covering all inpatient
admissions from 22 states in the USA and is produced by the US Government via the
Agency for Healthcare Research and Quality (AHRQ).18 The NRD is powered to track
individual patients throughout the calendar year linking all inpatient admissions in order to
study readmissions using a complex survey design allowing for national-level projections.
Further information on the weighting scheme and database design is available from the
AHRQ.

Cohort selection.

All patients > 18 years of age with a diagnosis of decompensated cirrhosis who were
admitted in the first 6 months of 2012-2014 were included in the analysis. Decompensated
cirrhosis was defined according to algorithm #2 described by Goldberg et a/., which has a
91.4% positive predictive value of identifying patients with decompensated cirrhosis.1® The
list of /nternational Classification of Disease ninth revision codes used in the cohort
selection is published in Appendix S1. We only included patients who had at least one
decompensating event related to cirrhosis: hepatorenal syndrome (HRS), peritonitis,
esophageal varices with or without bleeding, ascites, or HE. Patients who underwent liver
transplantation (50.5%) were excluded from the analysis. Patients who survived their index
hospitalization were followed for readmissions with a uniform follow-up time of 6 months.
Thus, each patient had a total of 6 months’ follow-up. The primary outcome was
readmission to hospital for any reason by 30, 90, and 180 days during the follow-up period.
A patient selection flow diagram is displayed in Figure 1.

Patient characteristics.

The following demographic information was obtained for each patient: age, gender,
discharge location from index hospitalization (home, skilled nursing facility, hospice care,
and other), median household income quartile by zip code, hospital teaching status, and
health insurance coverage (yes vsno). We also obtained the presence of Do Not Resuscitate
(DNR) status as well as the presence of hepatocellular carcinoma (HCC) for each patient.
We obtained the 29 Elixhauser comorbidity indices for each patient. By definition, all
patients in our cohort had liver disease, so this comorbidity was removed from all analyses.
We also removed the codes for HRS from the Elixhauser definition of renal failure.

Income status.

The median household income quartile by zip code for each patient was obtained from the
NRD. The AHRQ only provides the quartile of income rather than actual individual
household income in order to prevent identification of patients. For 2012—-2014, the income
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levels (USD) for each of the quartiles were approximately: first ($0-$37 999), second ($38
000-$47 999), third ($48 000-$63 999), and fourth (>$64 000). Unfortunately, the NRD
does not provide other measures of SES such as education level obtained or access to health-
care services. Income level data were missing from approximately 2% of patients, so these
patients were excluded from the analysis.

Statistical analysis.

Results

SAS v9.4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses. Complex
survey procedures were utilized throughout the analysis in order to preserve the integrity of
the NRD and to calculate accurate confidence intervals (Cls). All statistical tests were
performed with a two-sided alpha level of 0.05. Categorical variables were analyzed using
chi-squared analysis while continuous variables were interrogated using the Wilcoxon rank
sum or ttest depending on the normality of the distributions. Where appropriate, 95% Cls
are displayed. A multivariate logistic regression model predicting the risk of hospital
readmission was created. Variables used in the model were selected a priori and included
age, gender, zip code income quartile, discharge location from index hospitalization,
hyponatremia, DNR status, ascites, HRS, peritonitis, HE, esophageal varices, HCC, and the
Elixhauser comorbidity indices. A pre-specific subgroup analysis utilizing a stratified
logistic regression model for cause of cirrhosis was also performed.

From the 42 679 001 hospital admissions contained in the 2012-2014 NRD samples, there
were 82 598 (0.18%) patients with decompensated cirrhosis who survived a hospital
admission in the first 6 months of the year and had income data available. The baseline
characteristics for all income quartiles are displayed in Table 1. Patients in the highest
income quartile compared with the lowest quartile were older (57.7 years [SD 10.9] v556.0
years [SD 10.5]; £< 0.01), more likely to have insurance coverage (90.0% vs86.0%; P<
0.01) as well as a co-existent diagnoses of HE (22.5% vs17.6%; £< 0.01), presence of
varices/variceal bleeding (41.9% v540.4%; P< 0.01), HRS (8.7% v56.9%; £=0.01),
hyponatremia (26.1% vs21.8%; £=0.01), HCC (10.2% vs8.5%; £=0.01), and have a
DNR status (9.8% vs57.6%; P=0.01).

>During a uniform 6-month follow-up period, 25 914 (31.4%) patients were readmitted by
30 days, 39 928 (48.3%) patients were readmitted by 90 days, and 47 496 (57.5%) patients
were readmitted by 180 days. The number of index admissions was as follows: first quartile
(26 739), second quartile (21 908), third quartile (19 289), and fourth quartile (14 662). The
majority of patients who were readmitted had multiple readmissions during the follow-up
period with a total of 118 013 subsequent admissions with the following breakdown: first
quartile (40 800), second quartile (31 078), third quartile (26 139), and fourth quartile (19
996). The number of readmissions ranged from 0 to 13, with a median number of 2
(interquartile range 1-3). The median time to first readmission for all patients was 26 days
(interquartile range 10-63 days). Patients in the first quartile were more likely to have
multiple readmissions compared with those in the fourth (highest) income quartile (36.0% vs
32.7%; P<0.01).
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The results of multivariable analysis predicting the outcome of readmission to hospital for
any reason are displayed in Table 2. After controlling for all variables in the model, patients
residing in the first (odds ratio [OR] 1.32 [95% CI 1.17-1.47, £< 0.01]) and second (OR
1.25 [95% CI 1.13-1.38, P< 0.01]) income quartiles were significantly more likely to be
readmitted than those in the highest fourth income quartile by 30 days (Fig. 2). By 90 days,
similar findings of inequality were found (first quartile, OR 1.21 [95% CI 1.14-1.30, P<
0.01]; second quartile, OR 1.19 [95% CI 1.12-1.28, < 0.01]; and third quartile, OR 1.08
[95% CI 1.02-1.15, P< 0.01]). These disparities persisted to 180-day readmission rates,
with patients in the lowest quartile having a 32% higher risk of hospital readmission at 180
days compared with those in the highest quartile (first quartile, OR 1.32 [95% CI 1.20-1.44,
P<0.01]; second quartile, OR 1.30 [95% CI 1.19-1.41, P< 0.01]; and third quartile, OR
1.14 [95% CI 1.05-1.24, P< 0.01]).

The overall ¢-statistic of the model was 0.91. The Cochran—-Armitage test for trend for the
OR of zip code income quartiles had a P-value of < 0.01 for both 30- and 180-day
readmission rates. Stratified logistic regression modeling for patients at 180 days with viral
hepatitis demonstrated similar conclusions as the main results (fourth quartile, OR 0.62
[95% CI 0.56-0.70]; third quartile, OR 0.74 [95% CI 0.67-0.80]; and second quartile, OR
0.90 [95% CI 0.83-0.98]). The non-viral hepatitis subgroup patients did not see a
statistically significant difference for income (fourth quartile, OR 0.90 [95% CI 0.79-0.99];
third quartile, OR 1.05 [95% CI 0.94-1.15]; and second quartile, OR 1.07 [95% CI 0.97-
1.19)).

Discussion

In this large, nationally representative study of patients with decompensated cirrhosis, we
found that lower median household zip code income, a surrogate of SES, was associated
with a higher odds of hospital readmission. The risk of hospital readmission decreased as
household wealth increased in a linear fashion.

Our findings build on earlier work by Singal et a/. who found that Medicaid status and
number of address changes in the preceding year (two markers of SES) were associated with
higher 30-day readmission rates in cirrhosis.8 While the majority of the literature to date has
focused on disease-related predictors of readmission such as MELD score or presence of
HE, there is increasing recognition that patient and system factors also play a role.>-7:10.20.21
A three-pronged model of risk factors for readmission in this population has been suggested,
and our study lends support to the importance of SES as a key patient-level variable in
predicting readmission. Moreover, this is consistent with prior work in other areas of
medicine looking at specific disease populations such as congestive heart failure and
pneumonia where it has been shown that low income and financial assets, lower education
level, and Medicaid enrollment have all been associated with higher hospital readmission
rates.11-14.22 To our knowledge, this is the largest nationally representative study to confirm
this association in patients with decompensated cirrhosis.

There are likely multiple mechanisms why lower household income impacts readmission
rates in cirrhotic patients. There is evidence that lower income groups have more
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comorbidities and higher general health-care utilization along with being affected by social
factors such as lack of appropriate housing, overcrowding, poor nutrition, and decreased
access to preventative health-care measures.23-2 In addition, Arbaje et a/. have described
the importance of post-discharge environmental (PDE) factors in readmission, which include
characteristics of the home and caregiving environments. Factors such as having a usual
source of health care, reliable access to care, unmet functional needs, and lack of self-
management ability are especially important in conditions such as cirrhosis that require a
high intensity of care.1! It is possible that the interaction between lower income and
unfavorable PDE factors in many of these patients makes them especially vulnerable to
frequent hospital readmissions.

Furthermore, there is considerable literature to suggest that health literacy is an important
predictor of health-care outcomes. Health literacy is a skill set by which patients are able to
obtain, understand, and process information in order to function in a health-care
environment and make health-care decisions.26-28 Prior work has shown that lower health
literacy is associated with poorer health-care knowledge, worse control of chronic diseases,
poorer medication compliance, increased hospital admission, and worse outcomes,28-32
Poverty has been shown to be associated with lower health literacy, as have age, gender,
marital status, education level, home language, and time spent in the USA.33 While health
literacy has not been extensively studied in patients with cirrhosis, there is some work to
suggest that patients have significant gaps in knowledge of their disease process, which may
contribute to worse outcomes.3435 [t is possible that poor health literacy in groups with
lower SES can lead to increased readmission rates in those residing in the lowest income
quartile.

Identifying income as a predictor of readmission in cirrhosis is important for several reasons.
Firstly, from a patient care perspective, improved ability to predict patients at high
readmission risk can help clinicians tailor their care and post-discharge planning. For
example, Mumtaz et al. have developed a validated model to stratify patients with end-stage
liver disease into low, medium, and high risk of readmission based on 11 clinical risk
factors.36 Moreover, given the burden of disease of cirrhosis, significant attention has
recently been focused on quality improvement initiatives to decrease readmission in this
population.20-21 A better understanding of factors driving readmission can help tailor
interventions to specific patient populations, resulting in lower readmission costs and
improved patient outcomes.3437:38 Secondly, a great deal of emphasis has been placed on
readmission as a quality of care marker in US hospitals, with financial penalties frequently
levied against institutions with high readmission rates.”-21:39 However, as Goodwin et a/.
have pointed out, this may be misguided.4? Our study supports the notion that certain factors
influencing readmission in patients with cirrhosis are non-modifiable patient-level and
community-level factors. Therefore, readmission does not simply reflect quality of care
received in hospital and may not be an ideal target to which to tie financial incentives. It may
be that hospitals caring for lower income/SES cirrhotic patients and who may have higher
readmission rates might actually be those in greatest need of additional funding and
improved community supports.
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The strength of our study lies primarily in its size and generalizability. By using a large,
national dataset that captures all types of hospitals, we are able to provide strong evidence
that our results apply to a broad population within the USA. Furthermore, the use of the
NRD allowed us to capture readmissions to separate hospitals within the same state. This is
important, as one study found that up to one-quarter of readmissions for cirrhosis were to
different hospitals.2! However, our study also has limitations, and its results must be
interpreted in the context of the cross-sectional study design. All retrospective database
studies are inherently vulnerable to residual confounding, unmeasured confounders, coding,
and misclassification errors. In addition, the NRD, when used to study readmissions,
contains inherent selection bias as patients who die or are treated at a hospital in a different
state are not captured as readmissions. Given the limits of the data gathered by the NRD, we
were unable to comment on granular, patient-level data such as MELD score or medication
usage, which have been shown to be strongly tied to readmission risk; however, we
attempted to control for “sickness” by incorporating the Elixhauser comorbidity index.
6.10.20.21 Fyrthermore, although median zip code income is widely used a surrogate of SES,
it is imperfect and fails to capture other components of SES that are relevant to health care.
Other groups have explored the concept of medically underserved areas as a more complete
representation of SES.3? This encompasses percentage of individuals living below the
poverty line, primary care physicians per capita, infant mortality rate, and percentage of the
population over the age of 65 and has been shown to be associated with increased mortality
in sepsis.3? Other facets of SES not captured in our study that have been associated with
readmission in cirrhosis include education level, total assets, labor force status, Medicaid
enrollment, and PDE factors.11-13 Further studies evaluating a more complete picture of
SES and PDE will help better guide interventions to reduced readmissions in cirrhosis and
optimally care for this vulnerable population.

Conclusion

Lower median household zip code income is strongly associated with increased hospital
readmission in patients with decompensated cirrhosis across the USA. The factors driving
these findings warrant further study in order to improve patient care and reduce the burden
of repeated hospitalizations in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NRD 2012-2014 samples

n=42 679 001

Patients > 18 years with
decompensated cirrhosis
n=283611

Excluded
Missing income n = 637
Transplant n = 383

Patients > 18 years with
decompensated cirrhosis
n=282598

1st income quartile n =26 739
2nd income quartile n=21 908
3rd income quartile n=19 289

4th income quartile n=14 662

Figure 1.
Patient flow diagram. NRD, Nationwide Readmission Database.
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Figure 2.
Risk of readmission by income quartile. m, First quartile; m, second quartile; m, third quartile.
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