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ARTICLE INFO ABSTRACT

Background: Chronic non-cancer pain (CNCP) among patients with substance use disorder (SUD) poses a risk for
worse treatment outcomes. Understanding the association of CNCP with SUD is important for informing the need
and potential benefits of pain assessment/management among those with SUDs.

Methods: We analyzed electronic health record data from 2013 to 2018 among adults aged =18 years
(N = 951,533; mean age: 48.4 years; 57.4 % female) in a large academic healthcare system. Adjusted logistic
regression models were conducted to estimate the association of CNCP conditions with opioid overdose,
emergency department utilization, and inpatient hospitalization stratified by different SUD diagnoses and by
gender.

Results: Among the total sample, the prevalence of CNCP was 46.6 % and any SUD was 11.2 %. The majority of
patients with a SUD had CNCP (opioid: 74.7 %; sedative: 72.3 %; cannabis: 64.3 %; alcohol: 58.7 %; tobacco:
59.5 %). The prevalence of CNCP was greater in females vs. males for most SUD diagnoses. The presence of
CNCP was associated with more mental health disorders and chronic medical conditions among each SUD group.
CNCP was associated with significantly decreased odds of overdose among those with opioid use disorder but
increased odds of overdose and healthcare utilization among other SUDs. CNCP was positively associated with
overdose in females, but not males, with alcohol or non-opioid drug use disorders.

Conclusions: The direction and magnitude of the association between CNCP and negative health indicators
differed as a function of SUD type and gender, respectively. Greater awareness of potential unmet pain treatment
need may have implications for improving SUD outcomes.
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1. Introduction

Chronic non-cancer pain (CNCP) affects approximately 50 million
adults in the U.S. and contributes to high health care costs and lost
productivity (Dahlhamer et al., 2018; Simon, 2012). CNCP is particu-
larly overrepresented among individuals with substance use disorder
(SUD) (Manhapra and Becker, 2018; Rosenblum et al., 2003). For ex-
ample, nationally representative survey data show that the lifetime
prevalence of chronic pain was reported by 52.8 % of individuals re-
porting a lifetime SUD (Ilgen et al., 2010). Samples of patients in
treatment for SUD indicate that the prevalence of chronic pain is even
higher, with prevalence estimates ranging up to 75 % (Manhapra and

Becker, 2018; Witkiewitz and Vowles, 2018). Research suggests that the
frequent co-occurrence of CNCP and SUD may be driven by several
different reasons including substance use as a coping response to pain-
related symptoms, substance use-related injury leading to chronic pain
conditions, or the diathesis-stress model (Alford et al., 2016; Dersh
et al., 2002; Ilgen et al., 2010).

Research also suggests that SUD treatment is complicated by co-
occurring CNCP. Due to a lack of established guidelines for treating co-
occurring SUD and CNCP, research suggests that treatment for SUD may
often be prioritized (Berg et al., 2009), which could result in leaving
CNCP symptoms untreated and potential prognostic risk factors. In-
deed, studies have shown that the presence of CNCP among patients
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with SUD is associated with increased craving and withdrawal (Ditre
et al., 2016; Tsui et al., 2016), relapse during treatment or following
treatment discharge (Caldeiro et al., 2008; Jakubczyk et al., 2016;
Witkiewitz et al., 2015; Worley et al., 2017), continued substance use
following detoxification (Larson et al., 2007; Potter et al., 2010), or
lower treatment retention (Caldeiro et al., 2008). Inadequately man-
aged CNCP also often results in disability, which in turn may negatively
affect aspects of psychosocial functioning and quality of life (e.g., em-
ployment, interpersonal relationships, attending healthcare visits) es-
sential to SUD recovery (Speed et al., 2018). Moreover, it has been
shown that CNCP is associated with higher prevalence of medical and
psychiatric comorbidities among patients with SUDs, which may fur-
ther contribute to treatment complications (Caldeiro et al., 2008).
Among patients with opioid use disorder (OUD), CNCP has been asso-
ciated with greater costly healthcare utilization than those without
CNCP (Alford et al., 2016; Caldeiro et al., 2008; Dunn et al., 2015;
Trafton et al., 2004). Furthermore, research suggests that CNCP may be
a barrier to SUD treatment initiation due to perceived fear of un-
controlled pain relief (Stumbo et al., 2017).

Given these findings, it is important to understand the extent of
CNCP among those with SUDs in order to inform the need for integrated
pain management strategies as a way to potentially improve SUD
treatment access and outcomes. In particular, emerging evidence sup-
ports the efficacy of some psychosocial pain management approaches
(e.g., cognitive behavioral therapy with acceptance-based content) to
simultaneously reduce substance use and improve pain-related function
(Ilgen et al., 2016; Morasco et al., 2016). It is also important to better
understand the association between CNCP and costly healthcare utili-
zation (e.g., emergency department (ED) utilization and hospitaliza-
tion) among patients with SUD for indicating potential benefits of in-
tegrated CNCP treatment. Moreover, studies have shown that alcohol or
drug use disorder is associated with substantially increased odds of
opioid overdose among patients prescribed opioids for chronic pain
(Liang et al., 2016). However, information is needed on the association
of CNCP and overdose in relation to specific types of SUDs, which may
further inform clinical decision making on whether to initiate opioid
therapy or how to monitor certain individuals receiving opioid therapy.
Prior research also suggests that SUD and pain treatment needs may
differ between males and females given reported gender differences in
pain manifestation, coping, and aberrant behaviors (Bartley and
Fillingim, 2013; Manubay et al., 2015; Mogil, 2012). Thus, under-
standing gender differences with respect to comorbid CNCP and SUD
has the potential to further inform tailored intervention efforts to im-
prove outcomes.

The use of electronic health record (EHR) data provides an oppor-
tunity to investigate these gaps in the literature and inform treatment.
Other data sources such as national surveys or clinical research samples
are often limited by study inclusion/exclusion criteria, self-report bias,
or small sample sizes that constrain subgroup analysis. The aims of this
study were to leverage an EHR database from a large academic
healthcare system to 1) examine the prevalence of CNCP by SUD di-
agnoses, 2) to examine demographic and clinical characteristics among
patients with SUD diagnoses by CNCP status, and 3) to examine the
association between CNCP and opioid overdose, ED utilization, and
inpatient hospitalization among patients with SUD diagnoses. Gender
differences in the prevalence of CNCP and its association with health-
care utilization were also examined.

2. Methods
2.1. Study sample

We analyzed EHR data from patients receiving healthcare within
the Duke University Health System (DUHS) between January 1, 2013

and December 31, 2018. The DUHS includes 3 hospitals and over 300
ambulatory clinics. All EHR data generated within the DUHS was stored
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within the Duke Medicine Enterprise Data Warehouse, which 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 (Horvath et al., 2014).

The analytic sample included 951,533 unique adult patients who
were aged 18-90 years old as of January 1, 2013, had information
about gender and race/ethnicity, and had at least two healthcare en-
counters during the study period. Healthcare encounters included am-
bulatory visits, ED visits, hospitalizations, and other visits (e.g., visits
for procedures). The use of these data for analysis was approved by the
Duke University Health System Institutional Review board. All aspects
of this study were conducted in accordance with principles set forth in
the Declaration of Helsinki.

2.2. Study variables

Demographic variables included age (as of January 1, 2013),
gender, and patient-identified race and ethnicity (i.e., Caucasian/white,
Black/African-American, Hispanic, Asian, American Indian, Alaska
Native, native Hawaiian or Pacific Islander, multiracial, or other).
Diagnostic variables were based on the International Classification of
Diseases, 9" revision, Clinical Modification (ICD-9-CM) and ICD-10-CM
codes listed in the discharge or final diagnoses codes for outpatient, ED,
or inpatient encounters. Grouping of the ICD-9/10-CM codes for each
diagnostic variable was based on the codes listed for each condition in
the DSM-5 and the Centers for Medicare and Medicaid Services (CMS)
code lists (Centers for Medicare and Medicaid Services (CMS, 2019).
The list of codes utilized for this study can be found in the supple-
mentary material (Table S1).

CNCP was defined by ICD-9/10-CM codes for conditions that may
represent chronic pain provided by the Centers for Disease Control and
Prevention (Centers for Disease Control and Prevention (CDC, 2018),
and by not having a code for cancer-related pain (338.3, G89.3) or any
cancer diagnosis (excluding non-melanoma skin cancer). SUD diagnosis
variables included tobacco, alcohol, cannabis, opioid, cocaine/amphe-
tamine, sedative/hypnotic/anxiolytic, and other drug (hallucinogen,
inhalant, other/unspecified drug) use disorder. Mental health disorder
diagnosis variables included depressive, bipolar, anxiety, psychotic,
sleep, and other mental health disorders (i.e., adjustment, personality,
attention-deficit/impulse/conduct, somatoform, or eating disorders).
Common non-cancer chronic health condition diagnosis variables in-
cluded diabetes (type 1 or 2), asthma, chronic obstructive pulmonary
disease (COPD), ischemic heart disease, hepatitis B or C, chronic kidney
disease, and hypertension (Heron, 2016). Healthcare utilization vari-
ables included any ED visit or inpatient hospitalization during the study
period of January 1, 2013-December 31, 2018. Opioid overdose was
defined by ICD-9/10-CM diagnostic codes and included unintentional,
undetermined, and suicidal overdoses (Centers for Disease Control and
Prevention (CDC, 2013, 2017).

2.3. Data analysis

Descriptive statistics were used to examine the frequency of de-
mographic variables, CNCP, SUDs, mental health disorder, chronic
medical conditions, opioid overdose, and healthcare utilization among
the overall sample and stratified by sex. Differences in the demographic
and clinical characteristics between males and females were assessed
using chi-square and t-tests for categorical and continuous variables,
respectively. The prevalence of CNCP was examined by SUD diagnoses
among the overall sample and stratified by gender. We examined the
demographic and clinical characteristics of four SUD groups, stratified
by CNCP status, including tobacco use disorder, alcohol use disorder,
opioid use disorder, and other drug (non-opioid) use disorder. Finally,
logistic regression analyses, stratified by SUD group, were conducted to
examine the association between having CNCP and opioid overdose, ED
utilization, and hospitalization, respectively, while adjusting for age,
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gender, race/ethnicity, any mental health disorder diagnosis (not in-
cluding SUD diagnoses), any chronic medical condition diagnosis, and
any cancer diagnosis. Models were conducted among the overall sample
and stratified by gender. We also conducted models that included an
interaction term between CNCP and gender to explore gender differ-
ences in the association of CNCP and outcomes. All analyses were
conducted using SAS, version 9.4.

3. Results
3.1. Demographic and clinical characteristics of the sample (Table 1)

Among the total sample (N = 951,533), 57.4 % were female and the
mean (SD) age of the sample on January 1, 2013 was 48.4 (17.7) years
old. Approximately two-thirds (65.9 %) of the sample were white, 23.8
% were Black/African-American, and 4.1 % were Hispanic.

The prevalence of CNCP in the sample during the 5-year study
period was 46.6 % (n = 443,493). The prevalence of any SUD diagnosis
in the sample was 11.2 % (n = 106,732), including 9.0 % for tobacco
(n = 85,406), 2.0 % for alcohol (n = 19,195), 0.73 % for cannabis
(n = 6978, 1.28 % for opioid (n = 12,142), 0.65 % for cocaine/am-
phetamine (n = 6185, 0.16 % for sedative/hypnotic/anxiolytic
(n = 1544, and 0.76 % for other/unspecified drug use disorder
(n = 7266. More than one-fourth of the sample (28.2 %; n = 268,064)
had a mental health disorder diagnosis (not including SUD). More than
2 out of 5 patients in the sample (43.2 %; n = 411,396) had a comorbid,
chronic non-cancer medical condition diagnosis and 11.4 %
(n = 108,176) had a cancer diagnosis.

Higher proportions of females in the sample compared to males
were younger, Black/African-American, and had CNCP. A higher pro-
portion of males had SUD diagnoses for each substance category than
females. The prevalence of each mental health disorder diagnosis was
higher in females, except psychotic and sleep disorders, which were
higher in males. Males also had a higher prevalence of each chronic
medical condition, except asthma, which was higher in females.

3.2. Prevalence of CNCP by SUD diagnosis and gender (Fig. 1; Table 2)

The prevalence of CNCP during the study period among patients
with any SUD diagnosis was 59.9 % compared to 44.9 % among pa-
tients without a SUD diagnosis. Over two-thirds of patients (68.9 %)
with any drug use disorder had CNCP. Across individual SUD cate-
gories, the prevalence of CNCP was highest among patients with OUD
(74.7 %), followed by those with sedative use disorder (72.3 %).
Moreover, the prevalence of CNCP increased with the number of co-
morbid SUD diagnoses (none: 44.9 %, 1 SUD: 58.4 %, 2 SUDs: 64.0 %,
and =3 SUDs: 71.0 %). The prevalence of CNCP was higher among
females than males for all SUD diagnosis categories except for sedative
use disorder. The prevalence of CNCP within one year of SUD diagnoses
logged in the EHRs was similar for all subgroups (Table S2).

3.3. Demographic and clinical characteristics among patients with SUDs by
CNCP status (Table 3)

Among each SUD group, a higher proportion of those with CNCP
than those without CNCP were female, of older age, and Black/African-
American (Table S3). Among patients with tobacco or alcohol use dis-
order, the prevalence of each comorbid SUD diagnosis was higher
among those with CNCP than those without CNCP. Among those with
OUD, there was no significant difference in the prevalence of comorbid
SUD diagnosis as a function of CNCP status. Among patients with non-
opioid drug use disorders, the prevalence of each comorbid SUD was
higher among those with CNCP than those without CNCP, except for
cannabis use disorder, which was higher among those without CNCP.
Moreover, the prevalence of most mental health disorder diagnoses was
highest among each SUD group with CNCP than without CNCP. The
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prevalence of each mental health disorder diagnosis was highest among
those with CNCP and OUD, except for bipolar and psychotic disorders,
which were higher among those with CNCP and other drug use dis-
orders. The overall prevalence of any chronic medical condition diag-
noses was higher in each SUD group with CNCP than without CNCP,
except among those with OUD, in which there was no difference.

3.4. Association of CNCP with opioid overdose and healthcare utilization
(Table 4)

The prevalence of opioid overdose was 5.09 % among those with
CNCP and OUD, followed by 4.22 % among those with CNCP and other
drug use disorders, and 2.03 % and 1.13 % among those with CNCP and
alcohol and tobacco use disorder, respectively. The prevalence of opioid
overdose was highest, however, among those with OUD and no CNCP
(6.12 %). More than two-thirds of each SUD diagnosis group with CNCP
had an ED visit, including 85.9 % of those with CNCP and non-opioid
drug use disorder (Table S4). The prevalence of inpatient hospitaliza-
tion was between 38.7 %—63.1 % among those with CNCP and a SUD
diagnosis (Table S4).

Adjusted logistic regression models indicated that the presence of
CNCP was associated with increased odds of opioid overdose, ED uti-
lization, and inpatient hospitalization among those with tobacco, al-
cohol, or non-opioid drug use disorders. In contrast, CNCP was asso-
ciated with decreased odds of overdose among those with OUD.

There was a significant CNCP and gender interaction for opioid
overdose among those with alcohol (p < 0.01) and other drug use
disorder (p < 0.01); for ED utilization among those with tobacco
(p < 0.001) or other drug use disorder (p < 0.01); and for inpatient
hospitalization among those with tobacco use disorder (p < 0.001).
Notably, having CNCP was associated with increased odds of opioid
overdose among females, but not males, with alcohol or non-opioid
drug use disorder.

4. Discussion

This study leveraged EHR data from a large healthcare system to
examine the prevalence and associations of CNCP among patients with
SUDs. Such data are important for informing the need and potential
benefits of pain assessment/management among those with SUDs. Key
features of this study extending prior research included the stratifica-
tion of analyses by various SUD diagnoses and by gender. In this regard,
several major findings emerged. First, we found that the majority of
patients with each SUD diagnosis (58.7 %-74.7 %) had a co-occurring
CNCP condition diagnosis, while the prevalence of CNCP was higher
among females than males for most SUDs. Second, we found that CNCP
was associated with distinct demographic and clinical characteristics,
which differed further as a function of the type of SUD diagnosis.
Finally, we found that CNCP among patients with SUDs was sig-
nificantly associated with opioid overdose, ED admission, and hospi-
talization; however, the direction and magnitude of those associations
differed by type of SUD diagnosis and gender, respectively.

The findings from this study underscore the importance of con-
sidering the impact of CNCP on the course and prognosis of not only
OUD, but also the broader spectrum of non-opioid SUDs. That is, the
close association between OUD and CNCP has been well-documented in
the literature given the use of prescription opioids for pain as a common
pathway to OUD (Stumbo et al., 2017). However, we found that a high
proportion of patients with SUDs other than OUD also had CNCP, in-
cluding nearly three-fourths of those with sedative use disorder (72.3
%), more than half of those with tobacco (59.5 %), alcohol (58.7 %),
and approximately two-thirds of those with cannabis (64.3 %) or co-
caine/amphetamine use disorder (68.1 %).

Moreover, our study suggests that CNCP among patients with SUD
may be an especially prominent factor within the general medical set-
ting, given that the prevalence among our sample was within the upper
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Table 1
Demographic and clinical characteristics of adult patients aged 18 or older.
Overall
(N = 951,533)
Column % n % (SE)
Sex
Male 405,366 42.6 (0.05)
Female 546,167 57.4 (0.05)
Age in years on Jan. 1, 2013
18-25 118,044 12.4 (0.03)
26-34 135,524 14.2 (0.04)
35-49 235,999 24.8 (0.04)
50-64 260,808 27.4 (0.05)
65+ 201,158 21.1 (0.04)
Race/ethnicity
White, non-Hispanic 626,983 65.9 (0.05)
Black, non-Hispanic 226,556 23.8 (0.04)
Hispanic 38,895 4.09 (0.02)
Other, non-Hispanic 59,099 6.21 (0.02)
SUD diagnoses
Tobacco 85,406 8.98 (0.03)
Alcohol 19,195 2.02 (0.01)
Cannabis 6978 0.73 (0.01)
Opioid 12,142 1.28 (0.01)
Cocaine/amphetamine 6185 0.65 (0.01)
Sedative/hypnotic/anxiolytic 1544 0.16 (0.00)
Other drug® 7266 0.76 (0.01)
Mental health disorder diagnoses
Depressive disorder 107,762 11.3 (0.03)
Bipolar disorder 11,728 1.23 (0.01)
Mood disorder (any) 117,546 12.4 (0.03)
Anxiety disorder 131,654 13.8 (0.04)
Psychotic disorder 10,014 1.05 (0.01)
Sleep disorder 128,970 13.6 (0.04)
Other” 45,693 4.80 (0.02)
Any 268,064 28.2 (0.05)
Chronic medical conditions
Diabetes, type 1 or 2 128,291 13.5 (0.04)
Asthma 67,371 7.08 (0.03)
COPD 80,210 8.43 (0.03)
Ischemic heart disease 81,242 8.54 (0.03)
Hepatitis B or C 8479 0.89 (0.01)
Chronic kidney disease 87,956 9.24 (0.03)
Hypertension 303,089 31.9 (0.05)
Any 411,396 43.2 (0.05)
Cancer
No 843,357 88.6 (0.03)
Yes 108,176 11.4 (0.03)
Chronic non-cancer pain
No 508,040 53.4 (0.05)
Yes 443,493 46.6 (0.05)
Opioid overdose, yes 1289 0.14 (0.00)
ED admission, yes 251,681 26.5 (0.05)
Inpatient hospitalization, yes 178,711 18.8 (0.04)
Total encounters, mean (SD) 22.2 (35.8)

Males Females

(n = 405,366) (n = 546,167) p-value
% (SE) % (SE)

11.2 (0.05) 13.3 (0.05) <0.0001
13.2 (0.05) 15.0 (0.05)

25.0 (0.07) 24.6 (0.06)

28.7 (0.07) 26.4 (0.06)

21.8 (0.06) 20.6 (0.05)

67.9 (0.07) 64.4 (0.06) <0.0001
21.8 (0.06) 25.3 (0.06)

4.14 (0.03) 4.05 (0.03)

6.13 (0.04) 6.27 (0.03)

11.0 (0.05) 7.46 (0.04) <0.0001
3.25 (0.03) 1.10 (0.01) <0.0001
0.99 (0.02) 0.54 (0.01) <0.0001
1.34 (0.02) 1.23 (0.01) <0.0001
0.96 (0.02) 0.42 (0.01) <0.0001
0.17 (0.01) 0.15 (0.01) 0.04
0.97 (0.02) 0.61 (0.01) <0.0001
8.46 (0.04) 13.4 (0.05) <0.0001
1.01 (0.02) 1.40 (0.02) <0.0001
9.36 (0.05) 14.6 (0.05) <0.0001
10.6 (0.05) 16.3 (0.05) <0.0001
1.20 (0.02) 0.94 (0.01) <0.0001
14.7 (0.06) 12.7 (0.05) <0.0001
4.13 (0.03) 5.30 (0.03) <0.0001
26.1 (0.07) 29.7 (0.06) <0.0001
15.3 (0.06) 12.2 (0.04) <0.0001
5.15 (0.03) 8.51 (0.04) <0.0001
8.70 (0.04) 8.23 (0.04) <0.0001
12.2 (0.05) 5.83 (0.03) <0.0001
1.27 (0.02) 0.61 (0.01) <0.0001
11.3 (0.05) 7.69 (0.04) <0.0001
35.3 (0.08) 29.3 (0.06) <0.0001
46.7 (0.08) 40.7 (0.07) <0.0001
87.2 (0.05) 89.7 (0.04) <0.0001
12.8 (0.05) 10.3 (0.04)

55.0 (0.08) 52.2 (0.07) <0.0001
45.0 (0.08) 47.8 (0.07)

0.16 (0.01) 0.11 (0.00) <0.0001
26.9 (0.07) 26.1 (0.06) <0.0001
18.6 (0.06) 18.9 (0.05) <0.001
20.5 (34.4) 23.5 (36.6) <0.0001

Note: the analysis (N = 951,533) was based on EHR data from January 1, 2013 to December 31, 2018. SE: standard error; SUD: substance use disorder; COPD:

chronic obstructive pulmonary disease; ED: emergency department.

& Other drug use disorder diagnoses included hallucinogen, inhalant, or other/unspecified substance use disorders.
> Other mental health disorders included adjustment, personality, attention-deficit/impulse/conduct, somatoform, or eating disorders.

range of what has been reported among samples from other settings
(Alford et al., 2016; Caldeiro et al., 2008; Hser et al., 2017; Larson
et al., 2007; Zale et al., 2015). While comparisons across studies are
limited by various definitions of CNCP and differing sample char-
acteristics, these findings likely reflect the common utilization of gen-
eral medical settings for managing conditions causing CNCP or asso-
ciated symptoms. Nonetheless, general medical physicians often report
disinterest in or feeling unprepared to treat chronic pain, especially in
the context of addiction (Barry et al., 2010), which highlights the im-
portance of enhanced physician training around pain management
principles of assessment and treatment.

Our findings also revealed that the prevalence of CNCP was greater
among females than males for nearly all SUD diagnosis groups, the

exception being sedative use disorder. Among those without each SUD
diagnosis, the prevalence of CNCP was also higher among females than
males, which is consistent with data from samples of the general po-
pulation (Fullerton et al., 2018). Together, these findings suggest that
females may be at a relatively increased risk for CNCP conditions in-
dependent of SUD status. Potential mechanisms may include biological
sex differences in pain transmission, psychological factors, and/or so-
ciocultural (e.g., gender role expectations) factors (Bartley and
Fillingim, 2013; Mogil, 2012). Some previous research suggests that
CNCP may be relatively under-treated among females compared to men
(Calderone, 1990; LeResche, 2011), which could be reflected from our
data as well. Moreover, the greater prevalence of CNCP among females
with SUD in our sample may reflect gender differences in CNCP as a risk
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Fig. 1. Prevalence of chronic non-cancer pain (CNCP) by substance use disorder (SUD) status.

factor for developing SUD or vice versa. For instance, CNCP is com-
monly associated with mood-related problems (e.g., depression and
anxiety), which has been shown to be more frequently associated with
aberrant drug-related behavior in women than men (Jamison et al.,
2010). It is also possible that women with SUDs in our sample were
more likely to attribute their problematic substance use to self-medi-
cation of pain symptoms. A better understanding of gender-specific
factors underlying the association between SUD and CNCP has im-
plications for developing improved prevention and intervention stra-
tegies.

Other characteristics associated with CNCP among each SUD group
included a higher proportion of patients who were of older age, Black/
African-American, and had comorbid mental health disorder and
chronic medical condition diagnoses. These findings indicate patient
subgroups that may have increased vulnerability to CNCP or distinct
factors that may influence treatment outcome, in which increased
monitoring may be warranted. Differences, however, were found across
SUD groups with regard to the prevalence of comorbid SUDs. That is,
the prevalence of any comorbid SUD among those with OUD was not
significantly different as a function of CNCP status. In contrast, it was
found that CNCP was associated with a higher prevalence of comorbid
SUDs among the other SUD groups. These findings may be explained in
part by the relatively higher proportion of females, in which poly-
substance use disorders are less common (John et al., 2018), among
those with CNCP and OUD relative to the other SUD groups. Together,
these data emphasize the issue of multicomorbidity of chronic condi-
tions with SUDs, which is of concern given its particularly robust as-
sociation with increased disease burden and costly healthcare utiliza-
tion (Wu et al., 2018). Hence, chronic care treatment models with
behavioral healthcare integration are important considerations for most
effectively managing the care of patients with SUD and CNCP
(Laderman, 2015; McLellan et al., 2013).

Among patients with tobacco, alcohol, and drug use disorders other
than OUD, CNCP was associated with increased odds of ED utilization,
hospitalization, and opioid overdose while controlling for demographic
and clinical variables. These findings are consistent with prior studies

and suggest that pain management strategies could potentially improve
outcomes and reduce costly healthcare utilization (Alford et al., 2016;
Caldeiro et al., 2008; Heimer et al., 2015). Interestingly, the opposite
result for opioid overdose was found among those with OUD such that
CNCP was associated with lower odds of opioid overdose, and no as-
sociation was found between CNCP and ED utilization or hospitaliza-
tion. One possible explanation for the differences in the association of
CNCP with negative health outcomes as a function of SUD type may be
related to motives of substance use among those with CNCP. For in-
stance, prior research shows that individuals who reported nonmedical
opioid use for non-pain relief purposes (e.g., to improve mood, sleep, or
to relax) were more likely to have greater substance use severity and to
have had an overdose compared to those who used for pain relief
purposes (Bohnert et al., 2013). Thus, it is possible that substance use
motives among patients with CNCP and OUD, compared to those with
CNCP and other SUDs, were more directly related to physical pain re-
lief, which may have constituted relatively less severity of use. Another
hypothesis for the differences in the association of CNCP with over-
dose/healthcare utilization by SUD type is that CNCP may be relatively
undertreated in patients with SUDs other than OUD. While more re-
search is needed to explore these potential underlying factors, aware-
ness of the frequent co-occurrence of CNCP with SUD as well as pain
assessment/management should be key components of SUD treatment.

Gender differences were found in the association of CNCP with
overdose and healthcare utilization in relation to type of SUD diagnosis.
Notably, among those with alcohol or non-opioid drug use disorders,
CNCP was associated with overdose only among females. On the other
hand, CNCP among those with OUD was associated with decreased
odds of overdose only among males. CNCP was also associated with
hospitalization only among males with opioid or other drug use dis-
orders. These findings extend prior work to not only suggest that CNCP
may manifest in different ways as a function of gender (Bartley and
Fillingim, 2013; Liang et al., 2016; Manubay et al., 2015), but also as a
function of type of SUD diagnosis. In particular, these findings may
suggest disparities in pain management, in which opioid overdose or
healthcare utilization was a consequence. A better understanding of
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Table 2

Prevalence of chronic non-cancer pain by substance use disorder (SUD) diagnoses among adult patients aged 18 or older.
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Prevalence of chronic non-cancer pain

Overall

Males

Females

SUD diagnosis
Any SUD (tobacco, alcohol, or drug)
No
Yes
Alcohol or drug
No
Yes
Alcohol and drug
No
Yes
Any drug®
No
Yes
Tobacco
No
Yes
Alcohol
No
Yes
Opioid
No
Yes
Cannabis
No
Yes
Cocaine/amphetamine
No
Yes
Sedative/hypnotic/anxiolytic
No
Yes
Other drug”
No
Yes
Total number of SUD diagnoses
None
1
2
3 or more

(N = 951,533)
Row % (95 % CI)

44.9 (44.8-45.0)
59.9 (59.6-60.2)

45.9 (45.8-46.0)
63.9 (63.5-64.4)

46.5 (46.4-46.6)
67.9 (66.6-69.2)

46.0 (45.9-46.1)
68.9 (68.3-69.4)

45.3 (45.2-45.4)
59.5 (59.2-59.8)

46.4 (46.3-46.5)
58.7 (58.0-59.4)

46.2 (46.1-46.3)
74.7 (73.9-75.5)

46.5 (46.4-46.6)
64.3 (63.2-65.4)

46.5 (46.4-46.6)
68.1 (67.0-69.3)

46.6 (46.5-46.7)
72.3 (70.0-74.5)

46.4 (46.3-46.5)
68.3 (67.3-69.4)

44.9 (44.8-45.0)
58.4 (58.1-58.7)
64.0 (63.1-64.8)
71.0 (69.9-72.0)

(n = 405,366)
Row % (95 % CI)

43.1 (42.9-43.3)
56.4 (56.0-56.8)

44.0 (43.9-44.2)
60.7 (60.0-61.3)

44.8 (44.6-44.9)
65.6 (64.1-67.2)

44.3 (44.1-44.4)
66.0 (65.1-66.8)

43.6 (43.4-43.7)
56.0 (55.5-56.4)

44.6 (44.4-44.7)
56.9 (56.0-57.7)

44.6 (44.4-44.7)
72.8 (71.6-74.0)

44.8 (44.6-44.9)
62.0 (60.5-63.5)

44.8 (44.6-44.9)
65.5 (64.0-67.0)

44.9 (44.8-45.1)
72.5 (69.2-75.8)

44.7 (44.6-44.9)
66.8 (65.3-68.3)

43.1 (42.9-43.3)
54.5 (54.0-54.9)
60.5 (59.5-61.6)
68.5 (67.1-69.9)

(n = 546,167)
Row % (95 % CI)

46.2 (46.1-46.3)
63.9 (63.5-64.3)

47.2 (47.1-47.3)
68.4 (67.7-69.1)

47.8 (47.6-47.9)
73.1 (70.8-75.4)

47.3 (47.2-47.4)
71.9 (71.1-72.7)

46.6 (46.4-46.7)
63.4 (62.9-63.8)

47.7 (47.5-47.8)
62.6 (61.4-63.8)

47.5 (47.4-47.6)
76.3 (75.3-77.3)

47.7 (47.6-47.9)
67.4 (65.7-69.1)

47.7 (47.6-47.9)
72.5 (70.6-74.3)

47.8 (47.7-47.9)
72.1 (69.0-75.1)

47.7 (47.6-47.8)
70.1 (68.6-71.7)

46.2 (46.1-46.3)
62.5 (62.1-63.0)
69.0 (67.8-70.2)
74.7 (73.1-76.4)

Note: the analysis (N = 951,533) was based on the EHR data from January 1, 2013 to December 31, 2018. CI: confidence interval; SUD: substance use

disorder.

Boldface: estimate for females significantly different from estimate for males (p < 0.05).
# Any drug use disorder included diagnoses for opioid, cannabis, cocaine/amphetamine, sedative/hypnotic/anxiolytic, hallucinogen, inhalant, or other/

unspecified drug use disorder.

b Other drug use disorders included hallucinogen, inhalant, or other/unspecified drug use disorder.

these relationships is needed, which has implications for maximizing
the effectiveness of gender-specific prevention and intervention stra-
tegies.

There are some limitations to our study, which should be taken into
consideration. Foremost, our findings are correlational in nature, which
precludes cause and effect determinations from being made. The pre-
sent results, however, provide a basis for which future studies can be
conducted to better understand underlying mechanisms. It should also
be noted that our data were derived from a single healthcare system in
North Carolina, which may limit the generalizability of our results to
other settings or regions. In particular, findings from this sample may
contain an age-related bias considering the greater prevalence of
chronic pain as a function of age and almost half of our sample was
50+ years of age (Cicero et al., 2012). Our data were also not able to
capture the severity of pain intensity or degree of functional inter-
ference. These factors may have been especially important in the ob-
served gender differences, given prior research showing greater pain
severity in females than males (Fillingim et al., 2003; Keefe et al., 2000;
Ruau et al., 2012). It was also not possible to infer whether nonmedical
substance use was directly related to pain, which prior research

suggests could be an important determinant of outcomes among those
with chronic pain (Bohnert et al., 2013). Finally, it should be noted that
EHR data were collected as part of routine care that may be influenced
by biases including misclassification, condition severity, or provider
specialty. However, to mitigate these biases, comorbidity was con-
trolled for in logistic regression analyses.

4.1. Conclusions

In summary, the present study revealed four key findings. First, the
majority of patients with various SUD diagnoses in our sample had a
CNCP condition, which underscores the need for pain assessment and
management as an integral component of SUD treatment in the general
medical setting. Second, CNCP was associated with overdose and costly
healthcare utilization in patients with tobacco, alcohol, and drug use
disorders, but not those with OUD, which may indicate unmet treat-
ment needs for pain. While emerging data from clinical trials support
integrated treatment strategies (e.g., cognitive behavioral therapy,
mindfulness) targeting both CNCP and SUD (Barry et al., 2019, 2014;
Garland et al., 2014; Ilgen et al., 2016), the majority of these studies
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Table 4

Drug and Alcohol Dependence 209 (2020) 107902

Adjusted odds ratio (AOR) of opioid overdose, emergency department (ED) admission, and inpatient hospitalization in relation to having chronic non-cancer pain
(CNCP) vs. not having CNCP: stratified by substance use disorder diagnosis and by gender.

Patients with substance use disorder Overall

Males

Females

AOR (95 % CI) of opioid overdose

Tobacco 1.50 (1.25-1.81)
Alcohol 1.47 (1.10-1.96)
Opioid 0.49 (0.39-0.63)
Other drug® 1.32 (1.06-1.63)
AOR (95 % CI) of ED admission

Tobacco 2.07 (1.99-2.14)
Alcohol 1.73 (1.60-1.87)
Opioids 1.09 (0.94-1.28)
Other drug® 2.29 (2.08-2.53)
AOR (95 % CI) of inpatient hospitalization

Tobacco 1.28 (1.23-1.32)
Alcohol 1.26 (1.17-1.36)
Opioids 1.05 (0.91-1.22)
Other drug® 1.21 (1.11-1.31)

1.42 (1.13-1.80)
1.23 (0.89-1.70)
0.42 (0.31-0.56)
1.08 (0.83-1.40)

1.95 (1.85-2.04)
1.80 (1.64-1.97)
1.10 (0.89-1.36)
2.03 (1.78-2.31)

1.26 (1.20-1.32)
1.28 (1.17-1.39)
1.30 (1.06-1.59)
1.28 (1.15-1.42)

1.62 (1.18-2.22)
2.48 (1.30-4.73)
0.70 (0.46-1.07)
1.94 (1.29-2.90)

2.22 (2.11-2.35)
1.57 (1.36-1.81)
1.10 (0.88-1.39)
2.71 (2.33-3.16)

1.31 (1.24-1.38)
1.22 (1.06-1.39)
0.81 (0.65-1.02)
1.14 (1.00-1.29)

Note: Separate models were conducted among patients with tobacco, alcohol, opioid, or other (non-opioid) drug use disorder, respectively, and for each dependent
variable including opioid overdose, ED admission, and inpatient hospitalization, respectively. The overall model was controlled for gender, age group, race/ethnicity,
any mental health disorder, any chronic medical condition, and any cancer diagnosis. Each gender-specific model was controlled for age group, race/ethnicity, any
mental health disorder, and any chronic medical condition. CI: confidence interval; CNCP: chronic non-cancer pain; AOR: adjusted logistic regression; ED: emergency

department.

Boldface: estimate significantly differed from the estimate without CNCP (p < 0.05).
@ Other (non-opioid) drug use disorders included cannabis, cocaine/amphetamine, sedative/hypnotic/anxiolytic, hallucinogen, inhalant, or other/unspecified

drug use disorder.

have been conducted only among individuals with CNCP and OUD.
Thus, more research is greatly needed to inform treatment strategies for
individuals with CNCP comorbid with non-opioid SUDs, in which dis-
tinct barriers and treatment needs may be present. Third, this study
highlights the multicomorbidity of patients with SUDs and CNCP. These
findings emphasize the need for integrated services and multi-
disciplinary care models to most effectively meet the complex treatment
demands of patients with SUDs and CNCP and potentially improve
outcomes. Finally, our findings suggest that CNCP may manifest dif-
ferently among males and females in relation to the type of SUD di-
agnosis. In particular, CNCP may play a greater role in opioid overdoses
among females with alcohol or drug use disorders than their male
counterparts. More research is needed to inform the optimization of
pain management strategies among those with SUDs, in which gender
and SUD-specific strategies may be necessary for achieving maximum
benefits.
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