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Abstract

Background: Alcohol use disorder (AUD) is the most common substance use disorder and is 

characterized by heavy alcohol use and the inability to control drinking. This study sought to 

compare the rate, timing, length, and total costs of hospital readmissions among cancer survivors 

with and without AUD.

Methods: We used the Nationwide Readmissions Database in 2017 and 2018 in this cohort study. 

Cancer survivors with an AUD diagnosis during their index hospitalization were included in the 

exposure group. Propensity score matching was used to identify cancer survivors without AUD 

for the control group. The primary outcome was all-cause readmission, and secondary outcomes 

included days to, length of, and total cost of readmission. Outcomes were measured after 90 and 

180 days of follow-up. Logistic regression was used to measure the likelihood of readmission, and 

negative binomial regression and gamma regression were used for the other outcomes.

Results: Of 485,962 cancer survivors, 13,953 (2.9%) had co-occurring AUD. Cancer survivors 

with AUD had slightly higher odds of 90-day (odds ratio, 1.14; 95% CI, 1.06–1.22) and 180-day 

(odds ratio, 1.11; 95% CI, 1.05–1.18) readmission compared with those without AUD. Cancer 

survivors with AUD who were readmitted after 90 days also had higher readmission costs ($3,785 

vs $3,376; P=.03). No differences in time to and length of readmission were observed between 

groups. The odds of readmission were higher among cancer survivors with AUD irrespective of 

age and type of cancer. Male, but not female, cancer survivors with AUD were more likely than 

those without AUD to be readmitted in both follow-up periods.

Correspondence: Anton L.V. Avanceña, PhD, Health Outcomes Division, College of Pharmacy, The University of Texas at Austin, 
2409 University Avenue, PHR 2.112, Austin, TX 78712. antonlv@utexas.edu.
*These authors contributed equally to this study.
Author contributions: Study concept and design: Park, Avanceña. Data acquisition, analysis, or interpretation: All authors. 
Statistical analysis: Lai, Han, Avanceña. Administrative, technical, or material support: Park, Avanceña. Supervision: Park, Avanceña. 
Manuscript preparation: Lai, Avanceña. Critical revision for important intellectual content: All authors.

See JNCCN.org for supplemental online content.

Disclaimer: Dr. Avanceña had full access to all the data in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.

HHS Public Access
Author manuscript
J Natl Compr Canc Netw. Author manuscript; available in PMC 2024 June 20.

Published in final edited form as:
J Natl Compr Canc Netw. 2024 February ; 22(1): . doi:10.6004/jnccn.2023.7076.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://JNCCN.org


Conclusions: This population-based cohort study of cancer survivors in the United States found 

that AUD is associated with higher 90- and 180-day readmission rates and higher related health 

care costs after 90 days of follow-up. Hospitalized cancer survivors with AUD may benefit from 

addiction treatment and discharge planning that addresses their co-occurring AUD.

Background

Substance use disorders (SUDs) among cancer survivors are a modifiable prognostic factor 

associated with poor cancer prognosis1 and higher health care use and costs.2 For example, 

previous research on Medicare patients with prostate cancer found that individuals with 

SUDs had significantly higher rates of inpatient, outpatient, and emergency department 

visits and health care costs compared with those without SUDs.3,4 Similar findings 

have been reported among cancer survivors with comorbid SUDs in the Veterans Health 

Administration5 and other groups.6 These studies, however, have focused broadly on all 

SUDs, leaving significant gaps in our understanding of the health effects of specific forms of 

addiction on cancer survivors.

Alcohol use disorder (AUD) is a type of SUD that is characterized by heavy or frequent 

alcohol consumption and impaired control or inability to stop drinking despite the harmful 

consequences.7 AUD is the most common SUD in the United States, affecting 29.5 

million individuals aged ≥12 years or 64% of people with SUDs.8 Aside from its effects 

on mental health and wellness, AUD poses unique risks to cancer survivors because of 

the relationship between alcohol and cancer. Alcohol is a well-established carcinogen in 

humans, and alcohol consumption during or after cancer treatment may contribute to cancer 

recurrence and second primary cancers.9 Alcohol use during radiation therapy or surgery 

is also associated with more complications,10–12 and may increase the risk of opportunistic 

infections due to alcohol’s effect on immune function.13,14 Alcohol consumption after a 

cancer diagnosis has been shown to predict all-cause mortality in patients with certain 

malignancies, such as cancers of the aerodigestive tract,10,15–19 as well as breast cancer 

among postmenopausal women.20 Despite these risks, many cancer survivors report higher 

rates of alcohol use and misuse than their peers without a history of cancer, which has been 

observed in both small21,22 and population-based studies.23–25 Although research is limited, 

diagnosed AUD is also likely to be as or more common among cancer survivors than the 

general public.1,5

The objective of this study was to explore the short-term effects of AUD on health care 

use and costs among cancer survivors. Using a national database of inpatients in the United 

States, we estimated and compared the rates, timing, length, and costs of readmissions 

among matched adult cancer survivors with and without AUD. Unlike previous research on 

AUD and cancer survivors, this study focuses on short-term health care outcomes, such as 

readmission, that have been shown to predict longer-term outcomes, including mortality.26 

Findings from this study can inform holistic behavioral health care for cancer survivors.
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Methods

Data Source and Study Setting

We analyzed the Nationwide Readmissions Database (NRD) from 2017 to 2018. The NRD 

is one of the Healthcare Cost and Utilization Project (HCUP) databases maintained by the 

Agency for Healthcare Research and Quality. It contains nationally representative data on 

all-payer hospital stays in >20 US states and represents 35 million discharge records per 

year after weighting.27 The NRD consists of >100 different variables for each hospital 

stay, including length of inpatient stay, ICD-10-CM codes, and total charges, which can be 

converted to costs using cost-to-charge ratios provided by HCUP.28 Patients across hospitals 

within a state can be tracked using the verified linkage numbers, which were developed 

under rigorous privacy policies. Because this study uses publicly available and deidentified 

data and does not involve human subjects, it was exempt from ethics review.29

Study Population

We identified patients aged ≥18 years with a principal diagnosis of cancer (ICD-10-CM 

codes C00–C96) from January to June in 2017 and 2018 as the eligible cohort. Principal 

diagnosis in the NRD is the condition that led to a patient’s hospitalization,30 and we 

included all types of malignant cancers as defined by the SEER Program.31 Cohort entry 

was based on the earliest date of index hospitalization. Patients were excluded if they were 

aged <18 years, had missing values in their length of stay or any characteristics at baseline, 

were discharged with <180 days of follow-up, or died during the cohort entry.

Main Exposure and Matching Approach

Cancer survivors were included in the exposure group if they had an AUD diagnosis on 

their index hospitalization date. AUD was identified using ICD-10-CM codes F10.1, F10.2, 

or F10.9. We constructed a propensity score (PS)–matched control group that included 

cancer survivors without an AUD diagnosis on their index hospitalization. The PS matching 

approach was used to control potential confounders and increase the comparability between 

exposure and control groups. Before estimating PS via multivariable logistic regression, we 

evaluated the relationships between each covariate (discussed in the “Covariates” section), 

AUD, and hospital readmission to ensure that no instrumental variables were included.32 

Patients with cancer and AUD were matched to those without AUD using a greedy nearest 

neighbor matching approach, wherein a matched control with an estimated PS closest to that 

of the exposure was selected without replacement in a 1:1 ratio through a caliper of 0.2 

standard deviations of the logit of the PS.33

Outcomes

The primary outcome was all-cause hospital readmission after a 90- and 180-day follow-up 

period. Readmission was defined as any inpatient visit following cohort entry. Secondary 

outcomes included time to readmission (number of days until hospital readmission), length 

of readmission (number of days of rehospitalization), and total cost of readmission (based 

on total readmission charges in the NRD). All secondary outcomes were estimated at 90 and 

180 days after the index hospitalization.
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Covariates

To address potential confounders, we included several patient- and facility-level 

characteristics available in the NRD in our PS-matching algorithm. Patient-level 

characteristics included age, sex, socioeconomic status (median household income quintiles 

based on patient zip codes), health insurance coverage (Medicaid, Medicare, private 

insurance, and others), length of previous hospital stay, and disability status (minor, 

moderate, major, and extreme loss of functions).30 Cancer survivors’ overall disease severity 

was measured using the Elixhauser comorbidity index, which is based on ICD codes of 

>38 preexisting diseases and can be used to predict resource utilization and mortality in 

hospitals.34 We also matched patients based on their history of metastatic cancer and 8 

specific alcohol-related cancers, which include cancers of the oral cavity, pharynx, larynx, 

esophagus, colorectum, liver, breast, and stomach.9,35,36 Cancer treatment was categorized 

into radiation, chemotherapy, and cancer surgery. Other covariates included comorbidities 

and lifestyle factors, such as obesity, drug abuse, and smoking. We also controlled for cancer 

survivors’ likelihood of death, measured using the All Patient Refined Diagnosis Related 

Group risk of mortality subclass to minimize the impact of death and loss to follow-up 

on the rate of readmission.37,38 For health facility–related characteristics, we included bed 

size of hospitals (small, medium, and large) and status as an academic medical center 

(metropolitan nonteaching, metropolitan teaching, and nonmetropolitan hospital).30

Statistical Analyses

Cancer survivors’ baseline characteristics were compared between AUD and non-AUD 

groups using standardized mean difference (SMD), with a threshold of >0.1 representing 

meaningful differences.39 We used a generalized linear model (GLM) with a binomial 

distribution and logit link (logit model) to evaluate the association between AUD diagnosis 

and all-cause readmission. After examining the distributions, means, and variances of time 

to readmission and length of readmission (supplemental eFigure 1, available with this 

article at JNCCN.org), we used zero-inflated negative binomial regressions to account for 

overdispersed count data and an excessive number of zeros in both outcomes. Readmission-

related health care costs were analyzed using a GLM with a gamma distribution and log link 

due to the positively skewed probability distribution of cost data (see supplemental eFigure 

1 for original data and supplemental eFigure 2 for log-transformed data). Data management 

and statistical analysis were performed using SAS 9.4 (SAS Institute Inc.) and Stata MP, 

version 17 (StataCorp LLC) from January to August 2023.

Subgroup and Sensitivity Analyses

We conducted sensitivity analyses to verify the robustness of the main findings. First, 

we used Kaplan-Meier curves with log-rank tests and Cox proportional hazard models 

to estimate the time to readmission after index hospitalization. Second, we conducted 

median time-to-event analyses to measure the median time until readmission among 

cancer survivors with and without AUD. Third, we performed linear regressions of the 

log-transformed health care costs. Finally, we conducted subgroup analyses by stratifying 

patients by age (≥65 vs <65 years), sex, and presence of prior alcohol-related cancers. 
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Variables with SMD >0.1 in the stratified analyses were further adjusted in the outcome 

models.

Results

Study Population and Characteristics

Of 1,003,467 patients with cancer in the NRD in 2017 to 2018, 485,962 were diagnosed 

with cancer and were eligible for inclusion in the study (Figure 1). A total of 13,953 (2.9%) 

cancer survivors were found to have comorbid AUD. Multiple baseline characteristics 

were significantly different (SMD >0.1) between cancer survivors with and without AUD, 

such as sex, insurance type, prior AUD-related cancers, and other comorbidities (Table 

1). After PS matching, 13,937 AUD and non-AUD matched pairs were generated, and all 

measured covariates were balanced between the 2 groups (Table 1). Although we balanced 

the prevalence of prior AUD-related cancers between the exposure and control groups, 

the final analytical sample included individuals with >17 types of malignancies based 

on SEER categories. The mean age of the matched groups was approximately 62 years, 

and approximately 80% were male cancer survivors. Both groups had a median hospital 

stay of approximately 6 days. Approximately 68% of the matched pairs had public health 

insurance, specifically Medicare and Medicaid, and 79% of the patients had previously 

visited metropolitan teaching hospitals. More than 30% of the patients had a history of 

metastatic cancer, and nearly 20% of them had undergone cancer surgeries. Additionally, 

80% of the patients had a smoking history.

Primary Outcome

Compared with those without AUD, cancer survivors with AUD were associated with a 14% 

increased odds of 90-day all-cause readmission (odds ratio [OR], 1.14; 95% CI, 1.06–1.22). 

A similar result was observed for the 180-day all-cause readmission. Cancer survivors with 

AUD were 11% more likely to be readmitted after discharge compared with those without 

AUD (OR, 1.11; 95% CI, 1.05–1.18) (Table 2).

Secondary Outcomes

After PS matching, the presence of AUD in cancer did not influence time to readmission 

after 90 days (incidence rate ratio [IRR], 1.02; 95% CI, 0.97–1.08) or 180 days (IRR, 0.97; 

95% CI, 0.92–1.03) of follow-up (Table 3). Similarly, the presence of AUD did not extend 

the length of readmission among cancer survivors in either follow-up period compared with 

those without AUD. On the other hand, cancer survivors with AUD were shown to have 

12% significantly higher health care costs during 90 days of follow-up than those without 

AUD (IRR, 1.12; 95% CI, 1.01–1.24; P=.03), but no association was found for the 180-day 

follow-up (Table 4).

Sensitivity Analyses

Supplemental eFigure 3 shows the Kaplan-Meier curves for time to readmission. There 

was no difference in time to readmission between cancer survivors with and without AUD. 

Association between AUD and risk of readmission was also not observed during the 2 

follow-up periods using Cox proportional hazard models (supplemental eTable 1). The 
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median time-to-readmission analyses in supplemental eTable 2 also revealed similar median 

times for the exposure and control groups during both follow-ups (23 vs 22 days for the 

90-day follow-up; 35 vs 34 days for the 180-day follow-up). A similar increase in health 

care costs for the 90-day follow-up was observed when using the linear regression model 

with log transformation (β = 0.1532; P<.001; supplemental eTable 3).

Subgroup Analyses

We stratified readmissions among cancer survivors with and without AUD by age, sex, and 

history of alcohol-related cancers (supplemental eTables 4–6). Cancer survivors with AUD 

experienced higher odds of readmission compared with those without AUD irrespective of 

age (≥65 or <65 years). However, female cancer survivors with AUD did not have a higher 

likelihood of readmission than those without AUD. By contrast, male patients with cancer 

and AUD were more likely to be readmitted in both follow-up periods (adjusted OR [aOR], 

1.16; 95% CI, 1.08–1.25 for 90-day follow-up; aOR, 1.13; 95% CI, 1.06–1.21 for 180-day 

follow-up). Survivors with or without alcohol-related cancers did not alter the likelihood of 

readmission in both follow-ups.

Discussion

In this cohort study using a national database of inpatients in the United States, we 

found that cancer survivors with AUD had greater odds of readmission after a primary 

hospitalization than cancer survivors without AUD. Health care costs were also higher 

among cancer survivors with AUD after 90 days (but not after 180 days) of an initial 

hospitalization. By contrast, length of readmission did not vary between cancer survivors 

with and without AUD. These findings align with previous research that showed higher 

health care utilization and costs among survivors of different cancers with co-occurring 

SUDs.2,6

Using 2 different regression models (negative binomial and proportional hazards), we also 

found that time to readmission was not associated with AUD. Viewed with our other results, 

this finding suggests that cancer survivors with AUD may experience more, but not earlier, 

readmissions in the first 90 or 180 days of their initial hospitalization compared with their 

peers without AUD. Because many of the negative effects of alcohol on health (eg, liver 

or cardiovascular disease)40 develop over a long time horizon, future studies should use 

extended follow-up periods to reevaluate the effect of AUD on time to readmission.

The predictors and consequences of readmissions among cancer survivors have been 

extensively studied, and the presence of specific or a greater number of comorbidities has 

been shown to be associated with readmissions.41 However, to our knowledge, no study has 

explored the independent effect of comorbid AUD on readmissions among cancer survivors. 

One related study found that SUDs independently predicted 90-day readmission among 

patients who underwent surgical resection for brain tumors at a single institution (OR, 

1.82 [95% CI, 1.12–2.89]; P<.05).42 Among the general adult inpatient population in the 

United States, alcohol-related disorders are among the top 20 diagnoses with the highest 

number of 30-day all-cause readmissions.43 This study adds to the literature and suggests 
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that cancer survivors with co-occurring AUD may benefit from behavioral health treatment 

and specialized discharge planning.

AUD may influence the short-term outcomes of cancer survivors in several ways, though the 

exact mechanisms are not fully understood. Alcohol use during radiation therapy or surgery 

is associated with higher rates of complications,10–12 and it can dysregulate innate and 

adaptive immune responses that lead to infections and sterile inflammation.13,14 Excessive 

alcohol use has been shown to interfere with metabolism, leading to malnutrition and 

nutrient deficiency.44 Related to this, studies among cancer survivors show that infection 

and nutritional and metabolic disorders are among the primary reasons for readmission.45–48 

AUD may also affect the care received by cancer survivors. For example, patients who 

misuse alcohol are less likely to receive outpatient follow-up after being discharged from 

the hospital.49 Like other SUDs, AUD may lead to negative interactions with hospital staff, 

inadequate management of pain or withdrawal symptoms, and substandard or premature 

inpatient discharge.42 Despite these risks, some studies suggest that rates of AUD and 

alcohol misuse among cancer survivors may be comparable to or higher than the general 

public.1,5 Cancer survivors may develop AUD and other SUDs to cope with life stressors, 

which has been referred to as “chemical coping.”50

Subgroup analyses found that cancer survivors with AUD across different ages and cancer 

types (ie, alcohol- and non–alcohol-related cancers) face higher odds of readmission. By 

contrast, we only found an association between AUD and 90- and 180-day readmission 

among male cancer survivors. This finding aligns with previous studies that have reported 

lower readmission rates among female patients compared with male patients.41,51 All in all, 

these results suggest that most cancer survivors with AUD may face higher readmission risks 

after an initial hospitalization and could benefit from additional services that address their 

AUD. Aside from inpatient consultation with an addiction medicine specialist, proactive 

case management has been shown to increase abstinence and promote entry into community-

based SUD treatment.42,52 However, none of these interventions have focused on AUD 

or cancer survivors specifically, and tailored interventions are likely needed to address 

co-occurring AUD and cancer. Another opportunity may be to include AUD screening and 

treatment in nurse-led patient navigation programs, which have been shown to improve 

psychosocial care and satisfaction among cancer survivors.53–55 Patient navigation may also 

be delivered remotely or via telemedicine, which could ensure broad access among cancer 

survivors,56,57 though its effectiveness has not been systematically assessed.

This is the first study to evaluate the association between AUD and readmission rates and 

outcomes among cancer survivors. We included nearly 14,000 cancer survivors with AUD 

and applied a PS-matching approach to control for relevant confounding factors at baseline. 

Our study provides evidence that could inform holistic health care delivery for cancer 

survivors with AUD.

This study has several limitations. First, there may be unmeasured confounders that could 

lead to selection bias. We matched our exposed and unexposed patients using PS based 

on important factors that have been shown to predict readmission, but there may be other 

patient (eg, race and ethnicity, marital status), facility (eg, location), and community (eg, 
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availability of alcohol) characteristics that were omitted from the NRD and excluded from 

the analysis. Second, we were unable to measure various censoring conditions during 

the follow-up period in the NRD database, such as death, duration of AUD diagnosis, 

and time of disenrollment. These factors may have confounded our findings and led 

to misclassification of outcomes. However, we believe this bias was minimal because 

we controlled for variables such as the likelihood of dying, patient comorbidities, and 

disability status, all of which were balanced at baseline. Third, we did not disaggregate 

admissions according to planned and unplanned readmissions. Future studies should explore 

the association between AUD and unplanned or avoidable readmissions among cancer 

survivors. Fourth, we used 90- and 180-day readmission as our primary outcome, and future 

research should also use other intervals to determine the acute and longer-term (>1 year) 

effects of AUD. Fifth, because AUD and other SUDs are underdiagnosed, we may have 

underestimated the effect of alcohol use and misuse on the outcomes of cancer survivors; 

additionally, our reliance on diagnosed AUD as the exposure may have limited our analyses, 

because patients may be misusing alcohol but not meeting the criteria for AUD.

Conclusions

This large population-based cohort study of cancer survivors in the United States found 

that AUD is associated with higher rates of 90- and 180-day readmission and higher health 

care costs when patients are readmitted after 90 days. Cancer survivors with AUD who are 

hospitalized may benefit from addiction treatment and specialized discharge planning that 

addresses their co-occurring AUD. Additional research is needed to understand how AUD 

and alcohol misuse influence the short- and long-term outcomes of cancer survivors.
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Figure 1. 
Flow diagram of included participants.

Abbreviation: AUD, alcohol use disorder.
aSeveral patients met ≥2 exclusion criteria.
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