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Abstract

Background: Chronic diseases are prevalent and the leading causes of mortality. Comorbidity of
substance use disorders (SUDs) and chronic diseases is understudied to inform behavioral
healthcare integration.

Objectives: This study leveraged electronic health record (EHR) data of 211,880 adults from a
large health system to examine prevalence and correlates of comorbidity of SUDs and nine chronic
disease groups and to determine their association with hospitalization.

Methods: Logistic regression analyses were conducted to estimate associations between chronic
diseases and SUDs. To control for severity of diagnosis, analyses of associations between SUD
and hospitalization were stratified by the number of chronic conditions.
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Results: In the sample, 48.3% had =1 chronic condition (hypertension 33.7%, arthritis 16.2%,
diabetes 13.7%, chronic kidney disease 9.9%, asthma 9.1%, chronic obstructive pulmonary disease
8.9%, ischemic heart disease 8.3%, cancer 4.6%, and hepatitis 1.3%). Prevalence of SUD (overall
13.3%) among patients increased with multiple chronic conditions (14.3% having SUD among
patients with one condition; 21.2% having SUD among patients with two to three conditions; and
32.5% having SUD among patients with 4-9 conditions). Chronic conditions were associated with
increased odds of SUDs. For all SUD groups, hospitalization was more prevalent among patients
with SUD than those without it; prevalence of hospitalization increased with the number of
comorbid chronic conditions.

Conclusions: Findings reveal a striking pattern of multicomorbidity of SUD and chronic
diseases and its positive association with hospitalization. Behavioral healthcare integration should
consider efforts to assess and treat comorbid SUD and chronic diseases, especially among adults
with multiple chronic conditions.
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Introduction

The comorbidity of substance use disorders (SUDs) and chronic disease represents double
jeopardy in terms of disease burden and healthcare costs (Thorpe et al., 2017). It is
imperative to better characterize their comorbid patterns in order to inform behavioral
healthcare integration efforts (Laderman, 2015). Specifically, chronic substance misuse
and/or SUD could affect a wide range of organs and systems in the body, which may lead to
multiple medical problems and an increased risk for contracting infectious diseases (Brick,
2012). The presence of SUD, such as alcohol or drug use disorder, may also interfere with
an individual’s self-care behaviors, affect adherence to treatment regimen, or exacerbate
existing medical diseases, thereby increasing disease complications, healthcare resource
utilization (e.g., hospitalization), or mortality (Ducat et al., 2014; Ghitza et al., 2013;
McLellan et al., 2014; Thorpe et al., 2017). In particular, drug misuse problems (e.g., illicit
opioids, stimulants) and the opioid epidemic have been escalating in the United States
(CDC, 2018; Seth et al., 2018). Opioid use disorder in the United States was the 11% leading
cause of disability in 1990, and it became the seventh leading cause in 2016 (U.S. Burden of
Disease Collaborators, 2018). The continued increases in substance-involved overdoses
demonstrate an urgent need to study comorbid alcohol/drug use disorders and chronic
diseases to inform healthcare services for improving alcohol/drug use disorder care and
outcomes in medical settings (Hedegaard et al., 2017; Hoge et al., 2014; Vivolo-Kantor et
al., 2018).

Of note, chronic diseases are prevalent and account for the vast majority of the total
healthcare expenditures (Gerteis et al., 2014). Several chronic diseases, such as cancer,
ischemic heart disease, diabetes, and chronic obstructive pulmonary disease (COPD), are
among the leading causes of the deaths (U.S. Burden of Disease Collaborators, 2018). The
2010 Medical Expenditure Panel Survey data showed that 52% of Americans had =1 chronic
condition (e.g., hypertension, arthritis, diabetes, asthma, heart disease, COPD), and 32% had
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multiple chronic conditions (Gerteis et al., 2014). As high as 86% of the total U.S.
healthcare spending in 2010 was for patients with =1 chronic condition (Gerteis et al., 2014).
Thus, failing to treat comorbid SUD and chronic diseases not only misses the opportunity
for prevention and treatment, but also increases excess healthcare costs due to inefficiently
delivered services to manage treatment compliance, medical complications, or
hospitalizations (I0M, 2013; McLellan et al., 2014; Wu et al., 2012). Moreover, the top 10%
of the U.S. population with poorer health or multicomorbidity accounts for an estimated
66% of total expenditures (Cohen, 2014). Developing effective service models to optimize
healthcare outcomes for people with complex healthcare needs is a high priority
(Blumenthal and Abrams, 2016). The Triple-Aim reform approach seeks to address the
healthcare crisis by targeting improvement in the patient’s healthcare experience and
population health as well as the reduction in healthcare cost per capita (Berwick et al.,
2008). Inadequately managed alcohol/drug use disorders and related comorbidities are key
drivers of excess healthcare costs (Thorpe et al., 2017). Hence, behavioral healthcare
integration in medical settings to mitigate behavioral contributors (e.g., alcohol/drug use
disorders) to healthcare costs is an essential component of the Triple-Aim reform
(Laderman, 2015; Levey et al., 2012).

Data from healthcare settings are needed to characterize people with multicomorbidity in
order to better inform integrated healthcare efforts for high-need, high-cost patients (Powers
et al., 2015). Data on multicomorbidity or patients with complex healthcare need are
generally unavailable from survey studies of SUDs. Therefore, patients’ electronic health
records (EHR) data are needed to study the patterns of multicomorbidity and healthcare
utilization in medical settings (SAMHSA 2017; Wu et al., 2018). In this study, we leverage
patients’ EHR data of adults aged =18 years from a large health system to investigate the
prevalence and correlates of multicomorbidity of SUD and chronic diseases and to
determine their association with hospitalization.

Methods

2.1. Study sample

We analyzed the EHR data of adult patients from the Duke Medicine Enterprise Data
Warehouse (EDW) between January 1, 2007 and December 31, 2014. The study sample
included 211,880 adult patients aged =18 years (as of January 1, 2007) living in Durham
County, North Carolina, who had at least two encounters between 2007 and 2014 (i.e.,
receiving the health care during the study period) and information about race/ethnicity and
sex. The encounters included ambulatory visits, emergency department (ED) visits,
hospitalizations, and other visits (e.g., procedure visit). The EDW stores the EHR data
generated in the healthcare delivery of patients in the Duke University Health System
(DUHS) (Horvath et al., 2014). A single, seamless EHR has been used by three hospitals
and over 300 ambulatory clinics. The EDW employs a formal extract, transform, and load
procedure to integrate data from source systems on a nightly basis to ensure consistency and
quality and to minimize redundancy (Danford et al., 2013). Compared with the overall U.S.
population, Durham County, North Carolina has a lower proportion of the “white alone”
(non-Hispanic, single-race) population (77% vs. 54%), a higher proportion of the “Black/
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African American alone” (non-Hispanic, single-race) population (13% vs. 38%) and a lower
proportion of the “Hispanic/Latino” population (18% vs. 14%) (U.S. Census Bureau, 2018).
This study was approved by the DUHS Institutional Review Board (IRB).

2.2. Study variables

Demographic variables included age (as of January 1, 2007), sex, patient-identified race and
ethnicity (Caucasian/White, African American/Black, Hispanic, Asian, multiracial, others).
Diagnostic variables were based on ICD-9-CM codes (CMS, 2014). Common chronic
conditions related to leading causes of death were examined: diabetes (type 1 or 2), COPD,
hypertension, ischemic heart disease, chronic kidney disease, cancer (breast, endometrial,
colorectal, lung, or prostate), arthritis (osteoarthritis or rheumatoid), hepatitis (viral B or C),
and asthma (CMS, 2017; Heron, 2016). A categorical variable was created to define
multicomorbidity based on the number of the nine chronic conditions. The main focus of
healthcare utilization variable was inpatient hospitalization.

SUD diagnosis variables included: any SUD (alcohol, tobacco, or drug), alcohol use
disorder, tobacco use disorder, drug use disorder (cannabis, opioids/heroin, cocaine/
amphetamines, hallucinogens, sedatives, hypnotics, or anxiolytics, and unspecified drugs). A
patient was considered to have a given diagnosis if an ICD-9-CM code for the condition was
found in the list of discharge or final diagnosis codes during 2007-2014. Diagnosis grouping
for each variable was defined to be consistent with those from the Agency for Healthcare
Research and Quality (AHRQ)’s Clinical Classification Software (AHRQ, 2016) and
Military Health System (MHS)’s surveillance case definitions (MHS, 2015). Any mood or
anxiety disorder diagnosis was included in the logistic regression models as a control
variable (Wu et al., 2015).

2.3. Statistical analysis

We examined frequencies of demographics, SUDs, chronic conditions, and healthcare
utilization to provide the medical context. We then examined prevalence of SUDs by chronic
conditions. We conducted separate logistic regression analyses of individual SUD to
determine demographic and medical correlates of each SUD. We then produced the
prevalence of hospitalization by SUD status and stratified the analysis by the number of
chronic conditions. Finally, we conducted logistic regression analyses, stratified by the
number of chronic conditions (0, 1, 2-3, 4-9), to further determine whether SUD was
associated with elevated odds of hospitalization, adjusting for age, sex, race/ethnicity, and
any mood/anxiety disorder. Analyses were conducted with Stata 15.1 (StataCorp, 2017).

3. Results

3.1. Demographic and medical characteristics (Table 1)

The mean age of the sample on January 1, 2007 was 41.3 years (SD=17.53). Of the sample,
58.7% were female, and 50.0% were non-Caucasian/White (African American/Black 35.9%,
Hispanic 6.1%, Asian 3.7%, multiracial 1.3%, and other 2.9%).
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The prevalence of any SUD diagnosis in the overall sample was 13.3% (tobacco 10.0%,
alcohol 3.5%, any drug 3.9%, cannabis 1.0%, opioids/heroin 1.0%, cocaine/amphetamines
1.6%, and other drugs 2.2%). Overall, 48.3% of the sample had any of the nine chronic
conditions (1 condition 20.4%, 2-3 conditions 19.6%, and 4-9 conditions 8.2%).
Hypertension (33.7%), arthritis (16.2%) and diabetes (13.7%) were more common than
others (chronic kidney disease 9.9%, asthma 9.1%, COPD 8.9%, ischemic heart disease
8.3%, cancer 4.6%, and hepatitis viral B/C 1.3%). In the sample, 30.3% had any inpatient
hospitalization recorded in the EHRs during 01/01/2007-12/31/2014. The mean number of
total encounters (ambulatory visits, ED admissions, hospitalizations, and other visits, e.g.,
procedure visit) was 33.9 (SD=52.56).

Prevalence of SUDs by chronic disease (Table 2 and Fig. 1)

For each of the nine chronic conditions, any SUD was significantly more prevalent among
those with a condition than those without it: hypertension (21.8% vs. 9.0%), arthritis (21.4%
vs. 11.8%), diabetes (22.5% vs. 11.9%), chronic kidney disease (28.0% vs. 11.7%), asthma
(24.0% vs. 12.3%), COPD (35.0% vs. 11.2%), ischemic heart disease (28.9% vs. 11.9%),
cancer (20.8% vs. 13.0%), and chronic hepatitis viral B/C (56.9% vs. 12.8%). The
prevalence of any SUD increased with the number of the identified chronic conditions (none
6.9%, 1 condition 14.3%, 2-3 conditions 21.2%, and 4-9 conditions 32.5%). Likewise,
adults with each of the nine chronic conditions had a significantly higher prevalence of the
tobacco, alcohol, and any drug use disorder than those without it. A similar pattern was
found for specific drug groups (cannabis, opioid/heroin, cocaine/amphetamine, and other
drug use disorders). The results for cannabis, opioid/heroin, cocaine/amphetamine, and other
drug use disorders are available online only (Supplementary Table S11).

3.3. Adjusted logistic regression analysis of SUDs (Table 3)

We conducted logistic regression analyses to identify demographic and medical correlates of
SUD (tobacco, alcohol, cannabis, opioid/heroin, cocaine/amphetamine, and other drug use
disorders, respectively). We explored the correlation of the nine chronic conditions and
mood/anxiety disorder, and excluded two variables (hypertension, chronic kidney disease)
from logistic regression models due to their high correlation with other conditions (>0.3).
Any mood/anxiety disorder was included in each logistic regression model as a control
variable. The results for cannabis, opioid/heroin, cocaine/amphetamine, and other drug use
disorders are available online only (Supplementary Table 821).

3.3.1 Demographic correlates.—Adults aged =65 years had relatively low odds of
having SUDs. Compared with adults aged 18-25, those aged 26—64 had greater odds of
having tobacco use disorder, those aged 35-64 had greater odds of having alcohol use
disorder, those aged 26—-49 had greater odds of having cocaine/amphetamine use disorder,
while younger adults aged 18-25 had elevated odds of cannabis and opioid/heroin use
disorders.

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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Females had lower odds of all SUD variables than males. Compared with Caucasians/
Whites, African American/Black patients had greater odds of SUDs (tobacco, alcohol, any
drug, cannabis, cocaine/amphetamines, other drug), except for opioid/heroin use disorder;
Hispanics had greater odds of alcohol use disorders but lower odds of other SUDs (tobacco,
cannabis, opioids/heroin, other drugs); Asians had lower odds of SUDs (tobacco, alcohol,
any drug, other drugs); and multiracial adults had greater odds of drug use disorders (any
drug, cannabis, cocaine/amphetamines).

3.3.2 Medical correlates.—Arthritis, diabetes, asthma, COPD, ischemic heart disease,
cancer, and hepatitis were associated with greater odds of tobacco use disorder. Asthma,
COPD, ischemic heart disease, and hepatitis were associated with greater odds of alcohol
use disorder and drug use disorder (any drug, cannabis, cocaine/amphetamine, opioids/
heroin, and other drugs). Arthritis was associated with increased odds of any drug, opioid/
heroin, and other drug use disorders. Diabetes was associated with increased odds of opioid/
heroin and other drug use disorders, but lower odds of alcohol use disorder in the adjusted
model.

3.4. Association of SUD with hospitalization by the number of chronic conditions (Table

4)

Finally, we produced the prevalence and association of hospitalization by SUD status
stratified by the total number of chronic conditions (four groups of patients: none, 1, 2-3,
and 4-9 conditions). The results for cannabis, opioid/heroin, cocaine/amphetamine, and
other drug use disorders are available online only (Supplementary Table 832).

For each SUD variable (any SUD, tobacco, alcohol, any drug, cannabis, opioids/heroin,
cocaine/amphetamine, and other drugs, respectively), patients with SUD had a significantly
higher prevalence of hospitalization than those without SUD, and the prevalence of
hospitalization increased by the number of chronic conditions. The prevalence of
hospitalization among patients with SUD was highest in the group with 4-9 chronic
conditions, followed orderly by the group with 2-3 conditions and the group with one
condition. It was lowest in the group without the chronic condition.

Adjusted logistic regression showed a significant association of the SUD status with
increased odds of hospitalization for each SUD variable (any SUD, tobacco, alcohol, any
drug, cannabis, opioids/heroin, cocaine/amphetamine, and other drugs, respectively) in every
group of patients (none, 1, 2-3, and 4-9 chronic conditions). The strength of association
with hospitalization was especially elevated for drug use disorders (cannabis, opioids/heroin,
cocaine/amphetamine, and other drugs; Supplementary Table 832).

4. Discussion

Chronic diseases are major drivers of excess healthcare expenditures (Gerteis et al., 2014).
Individuals with either SUD or multiple chronic conditions were found to overrepresent
super-utilizers of hospital care (e.g., more readmissions, longer stays, higher costs; Jiang et

2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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al., 2015). Failing to treat comorbid chronic conditions in healthcare transforming efforts for
alcohol/drug use disorder care may result in unnecessary use of ineffectively delivered
treatments and poor outcomes. Despite the national shift for promoting behavioral health
integration to improve alcohol/drug use disorder care, there is limited research on
multicomorbidity of alcohol/drug use disorders and chronic diseases. This study adds new
findings on comprehensive patterns of comorbid SUD and chronic diseases, especially for
the understudied drug use disorders. First, about 1 in 7 adult patients (13.3%) has SUD
recorded in their EHR. Second, as many as 1 in 2 patients had =1 chronic condition (1
condition 20.4%, 2—3 conditions 19.6%, 4-9 conditions 8.2%). Third, for every chronic
condition, SUD (tobacco, alcohol, any drug) was significantly more prevalent among
patients with the chronic condition than those without it. Prevalence of each SUD (tobacco,
alcohol, any drug, specific drug group) increased substantially among patients with multiple
chronic conditions. Fourth, for every SUD, prevalence of hospitalization was significantly
higher among patients with SUD than those without it. Prevalence of hospitalization also
increased markedly among those with multiple chronic conditions. These findings reveal a
striking pattern of multicomorbidity of SUD and chronic diseases and its positive association
with hospitalization for tobacco, alcohol, and drug use disorders.

4.1. What this study adds

The salient finding concerns multicomorbidity of SUD (including drug use disorders) and
chronic diseases. Among patients with =1 chronic condition, 57.7% had multiple conditions.
For each of the SUD variables, prevalence of SUD increased consistently with comorbidity.
As many as 32.5% of patients with 4-9 chronic conditions had SUD compared with 14.3%
of those with 1 condition and 21.2% of those with 2—3 chronic conditions. One chief reason
for the healthcare crisis is the high concentration of healthcare expenditures in a small group
of people with multicomorbidity or complex health problems (IOM, 2013). As such,
approximately 87% of the U.S. healthcare expenditures was used by 25% of the U.S.
population (Cohen, 2014). The high-cost patients should be a priority for more research to
better inform intervention strategies to meet their complex healthcare need. Due to survey
design features, prior and ongoing large studies of alcohol/drug use disorders are infeasible
to study the multicomorbidity of SUDs and chronic diseases (e.g., Lipari et al., 2016; Wu et
al., 2016). By using routinely collected healthcare data from patients in real-world settings,
this study produces new clinical evidence documenting multicomorbidity for alcohol/drug
use disorders and chronic diseases. These comprehensive results on a variety of alcohol/drug
use disorders and chronic diseases provide a compelling reason for clinicians to assess and
treat comorbid alcohol/drug use disorders and chronic diseases.

Hospitalizations are costly and largely preventable if the patient receives timely or effective
ambulatory care (Gao et al., 2014; Jiang et al., 2015). Under the Affordable Care Act,
hospital readmission is a main target required by U.S. Centers for Medicare and Medicaid
Services to establish the Readmissions Reduction Program to reduce readmission and
contain costs (CMS, 2018; Kocher and Adashi, 2011). To mitigate severity bias, we
conducted the stratified analysis of hospitalization by the number of chronic conditions.
Prevalence of hospitalization ranged from 17.0% among patients without chronic condition
to 82.8% among patients with 4-9 chronic conditions. For all four groups of chronic
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condition, the odds of hospitalization were consistently elevated among patients with SUD
versus those without SUD across all SUD groups (e.g., odds of hospitalization for ‘any drug
use disorder’ ranging from 4.59-6.99). Our findings demonstrate that SUD, especially drug
use disorders, is robustly associated with increased odds of hospitalization.

The comparison of the SUD prevalence from this study of EHR data with the national
survey data is complicated by vast differences in the design and target population. In the
adult sample of the 2016 National Survey on Drug Use and Health, nicotine dependence
(past-month measure, 11.7%) was more prevalent than alcohol (past-year, 6.0%) and drug
use disorders (past-year, 2.7%; Center for Behavioral Health Statistics and Quality, 2017).
We also found tobacco use disorder to be more prevalent than alcohol and drug use
disorders. However, the prevalence of SUDs in this study was based on treatment-seeking
patients’ routine healthcare data that were influenced by treatment-seeking behaviors,
severity of medical problems, and medical practice. Due to a lack of systematic assessments
for alcohol/drug use disorders in general medical settings, alcohol/drug use disorders tend to
be underdiagnosed (Saitz and Daaleman, 2017; Wakeman et al., 2016).

Addiction has a long history of being recognized as a chronic, relapsing disease (Leshner,
1997). Team-based chronic care approaches have been advocated to improve health care and
outcomes for SUDs (McLellan et al., 2014). However, providers in general medical settings
generally have inadequate support or training to provide alcohol/drug use disorder treatment,
or are uncomfortable or unwilling to do so (CASA Columbia, 2000; Loheswaran et al.,
2015; Wakeman et al., 2016). We found that at least one-fifth of patients with =1 chronic
condition had at least one SUD recorded in their EHR data, and SUD (tobacco, alcohol, and
drug use disorders) was particularly prevalent among those with hepatitis, COPD, ischemic
heart disease, or chronic kidney disease. Our data also suggested that patients with tobacco
or alcohol use disorder were older, while those with drug use disorder tended to be younger.
Males and African American/Black patients (versus Caucasians/Whites) had elevated odds
of tobacco, alcohol, and any drug use disorder. The results call for developing infrastructure
support and training for primary care providers to assess and treat comorbid alcohol/drug
use disorders and chronic conditions, especially among males, African American/Black
patients, and adults with multiple chronic diseases (Berry et al., 2018; Hayes et al., 2016).

Finally, we found a high prevalence of tobacco use disorder (43.0%) among patients with
hepatitis, which may be related to a high prevalence of co-occurring tobacco use and illicit
drug use among people who misuse substances (Marshall et al., 2011). We explored the data
and found that 19.3% of patients with tobacco use disorder also had drug use disorder
compared with 2.2% patients without tobacco use disorder. The co-existing tobacco use and
chronic hepatitis may positively interact and increase the risk of developing liver cancer and
premature death (Abdel-Rahman et al., 2017; Chuang et al., 2010; Pang et al., 2015). Thus,
tobacco cessation interventions should also assess and treat comorbid drug use disorders and
drug use related hepatitis (Marshall et al., 2011).

4.2. Limitations

This study has some limitations. The results are based on associations that preclude any
causal inference. The finding on multicomorbidity and hospitalization may reflect a

Drug Alcohol Depend. Author manuscript; available in PMC 2019 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Page 9

clustering pattern of risk factors among some patients as well as the issue of “opportunity to
be diagnosed” given the presence of one or more chronic disease. For example, substance
use, high body mass index, high fasting plasma glucose, high systolic blood pressure, and
impaired kidney function are all leading risk factors for mortality that are linked with
chronic diseases (Brick, 2012; U.S. Burden of Disease Collaborators, 2018). The treatment-
seeking behaviors for a chronic disease would increase the likelihood for being screened for
comorbid problems and related diagnoses. In addition, diagnoses based on clinical care data
from EHRs are subject to biases and misclassification, and the recency of diagnosis cannot
be ascertained precisely (Wu et al., 2013a, 2013b). Compared with SUD diagnoses relying
on self-report symptoms, diagnostic errors may be lower for non-SUD chronic conditions
that have objective or biological measures to ascertain the conditions or monitor treatment
progress.

Due to a variety of reasons (e.g., stigma, lacking routine assessments for SUDs, lacking
provider training or treatment resources, competing medical interests, limited time, provider
specialty), alcohol and drug use disorders are likely to be under-detected or under-diagnosed
in general medical settings (Milhorn, 2017; Muhrer, 2010). These results are from a large
academic health system in North Carolina, which limit its generalizability to other settings
and regions. All results should be considered conservatively within the clinical context and
study limitations. Nonetheless, this study adds new findings on the comorbidity of drug use
disorders and chronic conditions as well as its association with hospitalization. The general
patterns in the prevalence of SUDs and chronic conditions are consistent with prior studies
(Gerteisetal.,2014; Ward and Schiller, 2013; Wu et al., 2015). The associations between
SUDs and hospitalization by chronic condition status are in line with other studies of
hospitalizations (Berry et al., 2018; Jiang et al., 2015).

4.3. Conclusions

Existing and ongoing large-scale surveys of alcohol/drug use disorders are inadequate for
studying top-spending individuals with complex healthcare needs. It is necessary to use the
EHR data to identify and characterize patients with multicomorbidity in healthcare settings.
While results are constrained by data from one large health system, this study is among the
first efforts to comprehensively investigate multicomorbidity of alcohol/drug use disorders
and chronic diseases and its association with hospitalization. It adds clinical evidence by
showing the presence of SUD (including drug use disorders) as a robust predictor for
hospitalization that is independent of the number of comorbid chronic conditions. The
findings underscore the clinical importance of and need for treating alcohol/drug use
disorders like other chronic conditions with proactive, chronic-care model approaches to
enhance treatment engagement, adherence to regimen, self-management skills, and the
continuity of care (McLellan et al., 2014). Finally, the high prevalence of hospitalization
among a subgroup of patients characterized by having both SUD and multiple chronic
conditions calls for research to develop healthcare models for high-risk, complex patients
that also treat SUDs (Blumenthal and Abrams, 2016; Powers et al., 2015).
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Highlights

. Comorbidities of substance use disorders (SUDs) and chronic diseases were
examined

. In the sample (N=211,880), 48.3% had at least 1 of 9 chronic conditions
examined

. The prevalence of any SUD (13.3%) increased with the number of
comorbidities

. Hospitalization was more prevalent among patients with SUD than those
without it

. Regardless of comorbidity, SUD was associated with elevated odds of

hospitalization
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Figure 1.
Prevalence of substance use disorder diagnoses among adult patients with and without

chronic conditions.
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Table 1.

Demographic and clinical characteristics of the study sample (N=211,880) *

Variables N Column % (SE)
Age group in years
18-25 47,445 22.4 (0.09)
26-34 43,869 20.7 (0.09)
35-49 55,367 26.1(0.10)
50-64 40,844 19.3 (0.09)
65+ 24,355 11.5 (0.07)
Age in years, mean (SD) 41.3 (17.53)
Sex
Male 87,573 41.3(0.11)
Female 124,307 58.7 (0.11)
Race/ethnicity
Caucasian/White 105,917 50.0 (0.11)
African American/Black 76,168 35.9(0.10)
Hispanic 12,976 6.1 (0.05)
Asian 7,750 3.7 (0.04)
Multiracial 2,846 1.3(0.03)
Others 6,223 2.9 (0.04)
Substance use disorder diagnosis, yes
Tobacco 21,085 10.0 (0.07)
Alcohol 7,377 3.5(0.04)
Any drug 8,244 3.9 (0.04)
Cannabis 2,152 1.0 (0.02)
Opioids/heroin 2,093 1.0 (0.02)
Cocaine/amphetamines 3,483 1.6 (0.03)
Other drugs 4,724 2.2 (0.03)
Any substance listed above 28,247 13.3 (0.07)
Chronic condition diagnosis, yes
Hypertension 71,466 33.7 (0.10)
Arthritis 7 34,388 16.2 (0.08)
Diabetes, type 1 or 2 28,967 13.7 (0.07)
Chronic kidney disease 21,049 9.9 (0.06)
Asthma 19,228 9.1 (0.06)
Chronic obstructive pulmonary disease 18,902 8.9 (0.06)
Ischemic heart disease 17,685 8.3 (0.06)
Cancer? 9,656 4.6 (0.05)
Hepatitis viral B or C 2,737 1.3(0.02)
Any chronic condition listed above 102,324 48.3 (0.11)
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Variables N Column % (SE)
Any substance use disorder or chronic condition listed above, yes 109,861 51.9(0.11)
Number of the 9 chronic conditions listed above
None (other conditions) 109,556 51.7 (0.11)
1 43,279 20.4 (0.09)
2-3 41,613 19.6 (0.09)
4-9 17,432 8.2 (0.06)
Mood or anxiety disorder diagnosis, yes 47,189 22.3(0.09)
Inpatient hospitalization, yes 64,124 30.3(0.10)
The number of total encounters§, mean (SD) 33.9 (52.56)

*
The study sample included patients aged 18 or older and with at least two encounters between 2007 and 2014 in the EHR data.

fArthritis: osteoarthritis or rheumatoid arthritis.

7 .
Cancer: breast, endometrial, colorectal, lung, or prostate cancer.

§The total encounters included ambulatory visits, emergency department admissions, inpatient hospitalizations, and other visits (e.g., tele-

medication, procedure visit).

SD: standard deviation. SE: standard error.
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Table 2.

Prevalence of substance use disorder diagnoses by chronic conditions among adult patients

Substance use disorder, yes

Any substance™

Tobacco

Alcohol

Any drug

Prevalence of substance use disorder %

% (95% Cl)

% (95% ClI)

% (95% ClI)

% (95% ClI)

Overall

13.3 (13.19-13.48)

10.0 (9.82-10.08)

3.5 (3.40-3.56)

3.9 (3.81-3.97)

Hypertension
Yes
No

21.8 (21.48-22.09)
9.0 (8.88-9.18)

17.1 (16.87-17.42)
6.3 (6.17-6.42)

5.7 (5.50-5.83)
2.4 (2.29-2.45)

6.4 (6.18-6.54)
2.6 (2.55-2.72)

Arthritis7
Yes
No

21.4 (21.01-21.88)
11.8 (11.61-11.91)

16.5 (16.11-16.90)
8.7 (8.55-8.81)

4.8 (4.61-5.07)
3.2 (3.14-3.30)

7.2 (6.89-7.44)
3.3(3.18-3.34)

Diabetes, type 1 or 2
Yes
No

22.5 (22.02-22.99)
11.9 (11.73-12.03)

17.7 (17.30-18.18)
8.7 (8.59-8.85)

5.1 (4.90-5.40)
3.2 (3.14-3.30)

7.0 (6.69-7.28)
3.4 (3.32-3.49)

Chronic kidney disease
Yes
No

28.0 (27.35-28.56)
11.7 (11.58-11.86)

21.0 (20.43-21.53)
8.7 (8.61-8.86)

8.1 (7.77-8.51)
3.0 (2.89-3.05)

10.7 (10.28-11.11)
3.1 (3.06-3.22)

Asthma
Yes
No

24.0 (23.44-24.65)
12.3 (12.12-12.41)

19.5 (18.95-20.07)
9.0 (8.87-9.13)

5.1 (4.84-5.46)
3.3 (3.24-3.40)

9.0 (8.57-9.38)
3.4 (3.30-3.47)

Chronic obstructive pulmonary disease
Yes
No

35.0 (34.36-35.72)
11.2 (11.07-11.35)

30.4 (29.73-31.04)
8.0 (7.83-8.07)

75 (7.16-7.91)
3.1(3.01-3.16)

9.9 (9.50-10.35)
3.3(3.22-3.38)

Ischemic heart disease
Yes
No

28.9 (28.28-29.61)
11.9 (11.77-12.06)

23.3(22.70-23.95)
8.7 (8.61-8.86)

6.8 (6.48-7.22)
3.2 (3.10-3.25)

9.2 (8.74-9.59)
3.4 (3.33-3.49)

Cancer?
Yes
No

20.8 (20.04-21.66)
13.0 (12.83-13.12)

17.1 (16.32-17.82)
9.6 (9.48-9.74)

4.2 (3.77-4.57)
3.4 (3.37-3.53)

4.8 (4.39-5.24)
3.8 (3.76-3.93)

Hepatitis viral B or C
Yes
No

56.9 (55.02-58.73)
12.8 (12.62-12.91)

43.0 (41.12-44.83)
9.5 (9.39-9.65)

25.8 (24.23-27.50)
3.2 (3.11-3.27)

34.5 (32.70-36.25)
3.5 (3.41-3.57)

Any chronic condition listed above
Yes
No

20.2 (19.99-20.49)
6.9 (6.73-7.03)

15.9 (15.65-16.10)
4.4 (4.30-4.54)

5.1 (4.93-5.20)
2.0 (1.92-2.09)
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Substance use disorder, yes
Any substance™ Tobacco Alcohol Any drug

Prevalence of substance use disorder % % (95% CI) % (95% ClI) % (95% ClI) % (95% CI)
Number of chronic conditions listed above

None (other condition) 6.9 (6.73-7.03) 4.4 (4.30-4.54) 2.0 (1.92-2.09) 1.9 (1.84-2.00)

1 14.3 (14.02-14.68) 10.8 (10.51-11.10) 3.7 (3.51-3.87) 3.8 (3.63-3.99)

2-3 21.2 (20.82-21.61) 16.9 (16.52-17.24) 5.3 (5.08-5.51) 5.9 (5.64-6.09)

4-9 32.5(31.85-33.24) 26.1 (25.43-26.73) 8.0 (7.56-8.36) 11.8 (11.33-12.29)

*
Any substance included tobacco, alcohol, and drug (cannabis, opioid/heroin, cocaine/amphetamine, and other drugs).

TArthritis: osteoarthritis or rheumatoid arthritis.

7 .
Cancer: breast, endometrial, colorectal, lung, or prostate cancer.

Cl: confidence interval. Boldfaced: The estimate differed from the estimate without the chronic condition diagnosis (P<0.01.
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Table 3.

Adjusted analysis of tobacco, alcohol, and drug use disorder among adult patients (N=211,880)

Substance use disorder

Any substance

Tobacco

Alcohol

Any drug

Adjusted odds ratio (AOR)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

Age group in years (vs. 18-25)
26-34
35-49
50-64
65+

1.06 (1.02-1.11)
1.35 (1.30-1.41)
1.00 (0.95-1.05)
0.48 (0.45-0.51)

1.28 (1.21-1.35)
1.66 (1.58-1.74)
1.25 (1.18-1.32)
0.49 (0.46-0.53)

0.94 (0.86-1.02)
1.44 (1.34-1.55)
1.19 (1.10-1.30)
0.63 (0.56-0.71)

0.79 (0.73-0.85)
0.81 (0.76-0.87)
0.35 (0.32-0.39)
0.25 (0.23-0.28)

Sex (vs. male)

Female

0.50 (0.49-0.51)

0.60 (0.58-0.62)

0.25 (0.24-0.27)

0.48 (0.46-0.50)

Race/ethnicity (vs. Caucasian/White)
African American/Black
Hispanic
Asian
Multiracial

Others

2.04 (1.98-2.10)
0.77 (0.71-0.83)
0.26 (0.22-0.30)
1.12 (0.99-1.27)
0.62 (0.55-0.69)

1.98 (1.92-2.05)
0.45 (0.40-0.50)
0.24 (0.20-0.29)
1.13 (0.98-1.29)
0.53 (0.47-0.61)

1.87 (1.77-1.97)
1.89 (1.70-2.10)
0.31 (0.23-0.42)
1.17 (0.94-1.46)

0.80 (0.66-0.98)T

2.44 (2.32-2.57)
0.60 (0.51-0.71)
0.21 (0.15-0.30)
1.35 (1.09-1.66)
053 (0.42-0.67)

Arthritis’t(yes Vs. No)

1.27 (1.23-1.32)

1.22 (1.17-1.27)

1.02 (0.96-1.10)

1.59 (1.49-1.69)

Diabetes (yes vs. no)

1.12 (1.08-1.17)

1.13 (1.09-1.19)

0.88 (0.82-0.95)

1.06 (0.99-1.13)

Asthma (yes vs. no)

1.25 (1.20-1.31)

1.28 (1.22-1.34)

1.10 (1.02-1.19)T

1.50 (1.41-1.60)

Chronic obstructive pulmonary disease (yes vs. no)

3.00 (2.88-3.13)

355 (3.41-3.71)

1.77 (1.64-1.90)

1.80 (1.68-1.92)

Ischemic heart disease (yes vs. no)

1.93 (1.83-2.02)

2.01 (1.91-2.12)

1.36 (1.25-1.48)

1.99 (1.84-2.15)

Hepatitis viral B or C (yes vs. no)

4.83 (4.42-5.27)

3.44 (3.14-3.76)

4.94 (4.45-5.49)

8.12 (7.32-9.01)

Cancer$ (yes vs. no)

1.27 (1.19-1.35)

1.37 (1.28-1.46)

0.93 (0.83-1.04)

0.99 (0.88-1.10)

Mood or anxiety disorder (yes vs. no)

3.30 (3.20-3.40)

2.50 (2.41-2.58)

4.03 (3.82-4.25)

5.98 (5.68-6.30)

Note. Each adjusted logistic regression included all variables listed in the first column.

fP value was between 0.01 and 0.05. Boldfaced: P<0.05.

’tArthritis: osteoarthritis or rheumatoid arthritis.

§ .
Cancer: breast, endometrial, colorectal, lung, or prostate cancer.

AOR: adjusted odds ratio. Cl: confidence interval.

Drug Alcohol Depend. Author manuscript; available in PMC 2019 November 01.

Page 20



Page 21

Wu et al.

'soljel sppo paysnipe 10j T0'0>d 0 (T0°0>d) Sisoubelp J8pIosIp 8sn SULISGNS INOYIM SRWISS SU) LWIOJJ PaISIIP S1LLUIISS UL :pade)p|og ‘[eAIsIul 80USPIUOD (1D

'sisoufelp Japiosip A1BIXue 10 poow pue ‘AloIuya/aoel ‘xas ‘abe SNonunRuod 10) Paj|0JIU0I J9PIOSIP SN 30UBISGNS 0} UOHE|) Ul uonezijendsoy juairedul Jo [apow uoissaibal onsiBol paisnipe yoeg

i

*D 1o g edin sneday pue ‘(s1eisold Jo ‘Bun| ‘19810109 ‘[el18WOopUS ‘1sealq) Jaourd

'35eaSIP 1eay d1Wayos! ‘aseasip Areuownd aAIONIISAO D1UOIYD ‘BLIYISE ‘aseastp Asupiy 91UoIyd ‘(z 1o T adA1) saiaqelp ‘(p1oyewnays 10 SIIIYLL0a1SO0) SiIIYLE ‘uoIsualadAy papnjoul SUOIIpUOd J1U0IYD
x

(19'6-G2°€) 65t
(L8'18-79°08) €18
(05'96-15°€6) 9'76

(Le'5-gev) €8y
(29'97-€9'SY) T'9v
(Le'18-81'8) 8'6L

(€€'9-60G) L9°G
(82'v2—9v'€2) 6°€2
(28'89-22'%9) 999

(92'1-62'9) 66'9
(95°9T-21°9T) €97
(6£€5-¢T'6Y) €'TG

(97'9-18'9) €T°9
(12°82-T€'82) 582
(25v1—292L) 9L

(1D %56) oney sppo pasnlpy
ON
SBA

J3pJosip asn Bnip Auy

(8ev-8L77) V'€
(87'28-62'18) 6’18
(S6'76-01'26) 8'€6

(06°€-21°€) 26°€
(90°L¥—20'97) 9'9¥
(ze11-€L€l) 9GL

(86'7-T0Y) Lt'¥
(99'72-¥8'€2) T¥2
(87°09-59'SS) 1'8S

(0T'S-207) S5
(28'9T-2€9T) 9'9T
(85'6€-€5'6€) L€

(62%-18°€) L0
(52'62-58'82) T'6C
(66'79-08'29) 6'€9

1 (12 %56) oned sppo paisnipy
ON
SOA

19pJIOSIp asn 0Yod|y

(LEZ-TET) ETT
(L7'18-TT°08) 8°08
(25'68-19'28) 9'88

(vzz-100) 212
(08'S7-SL¥v) €'Gv
(TT°€9-+8'09) 0'29

(ov'z-01'2) S2°C
(€6'€2-80'€2) G'€2
(8e°ev—55"0v)0°2Y

(TT°6-29'7) 88°C
(65°9T-¥T°9T) ¥'9T
(ez'26-29'62) 602

(v0'€-58'2) ¥6°C
(09°'L2-02°22) ¥'12
(2895-81'SS) T°95

1 (12 %56) oney sppo paisnipy
ON
SOA

19pJOSIp 9sn 099eqO].

(58'2-2€2) 16T
(Lz'08-18'8L) §'6.
(27°06-£8'88) L'68

(297-5£2) 8v'C
(6T vv-zTey) 8ey
(€2'99-€2°€9) 79

(66'2-59'2) 282
(v922-6.T2) 222
(ze'9r—S8°ey) TSy

(oL'e-Lz€) 8ve
(509T-T9'ST) 8'ST
(80v€-96'T€) 0°€E

(rre-sz€) vee
(8£92-86'52) 792
(82°25-2Z'99) 8'9G

1(10 %S6) oney sppo pasnipy
OoN
SOA

19pJosIp asn 8ouelsgns Auyy

(6c'€8-L2'28) 8'¢8

(85°87-29°Lv) T'8Y

(16'52-80'52) 6'S2

(€Z°21-6L°9T) O°LT

(9v'0e-20°08) €08

TEIENNe)

(1D 9%56) %

(1D 9%56) %

(1D %56) %

(10 %56) %

(1D 9%56) %

2eV'LT=N

€T9'TY=N

6.2'€r=N

955'60T=N

088'TTZ=N

6-v

€¢

3UON

NEENe)

 SUOIIPUO D1UOIYD JO JSQUINN

9% ‘uoirezifendsoy Jusiredul Jo 30UdJeASId

Author Manuscript

‘v alqeL

Author Manuscript

Author Manuscript

SUOI1IPUOI 21UOJYD JO Jaquinu ay) Ag painenls ‘siusied 3npe Buowre sasoubelp Japiosip asn aauelsqns Ag uonezijelidsoH

Author Manuscript

available in PMC 2019 November 01.

i

Drug Alcohol Depend. Author manuscript



	Abstract
	Introduction
	Methods
	Study sample
	Study variables
	Statistical analysis

	Results
	Demographic and medical characteristics (Table 1)
	Prevalence of SUDs by chronic disease (Table 2 and Fig. 1)
	Adjusted logistic regression analysis of SUDs (Table 3)
	Demographic correlates.
	Medical correlates.

	Association of SUD with hospitalization by the number of chronic conditions (Table 4)

	Discussion
	What this study adds
	Limitations
	Conclusions

	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

