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Abstract
Background: In light of the ongoing opioid overdose crisis, there is an urgent need for research on the impacts of
mental health among people presenting with concurrent pain and substance use. This study examined the effect
of depressive symptoms on pain severity and functional interference among people who use drugs (PWUD) during
a community-wide overdose crisis.
Methods: From December 1st 2016 to December 31st 2018, 288 participants in two cohort studies of PWUD in
Vancouver, Canada completed interviewer-administered questionnaires that included the Brief Pain Inventory and
PROMIS Emotional Distress–Depression instruments. Generalized linear regression modelling (GLM) was used to
examine the cross-sectional effect of depressive symptoms and other confounding factors on pain severity and
interference.
Results: Moderate to severe depressive symptoms were significantly associated with greater pain-related functional
interference (adjusted β = 1.24, 95% confidence interval [CI] = 0.33–2.15), but not significantly associated with
greater average pain severity (adjusted β = 0.22, 95% CI = − 0.3 – 0.82), when controlling for confounding variables.
Reported daily heroin use (adjusted β = 1.26, 95% CI = 0.47–2.05) and non-fatal overdose (adjusted β = 1.02, 95%
CI = 0.08–1.96) were also significantly associated with greater pain-related functional interference.
Conclusions: In a substance-using population, greater pain-related functional interference was positively associated
with depressive symptoms as well as overdose and daily heroin use. These findings emphasize the need to address
the functional impact of pain, mental health comorbidity, and high-risk substance use that may contribute to
overdose and other harms.
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Background
In recent years, increasing rates of opioid misuse and
overdose have reached unprecedented levels, with
opioid-related overdose now becoming a leading cause
of injury-related death in several countries including the
United States, Canada, Australia, Scotland, and Russia
[1–4]. In light of the ongoing opioid crisis, there is an
urgent need for research that identifies risk factors in
populations that may be susceptible to high-risk opioid
use and overdose, such as individuals with persistent
pain. To this end, mental illness has been identified as a
determinant of problematic opioid use and opioid overdose [5], and therefore remains an important area requiring further investigation.
Mental health comorbidity is common among people
experiencing pain and among people who use drugs
(PWUD), and is linked to a variety of adverse outcomes.
Past research has found a higher prevalence of mental
health disorders in specialized pain settings [6] and mental health comorbidity has been found to be associated
with higher risk of problematic opioid use [7–10]. Other
studies have found an increased risk of substance use,
including greater risk of opioid misuse, among individuals with chronic pain and mood disorders, particularly
among those with major depression [11–13]. Longitudinal studies of chronic pain patients have similarly
found that depression significantly increases risk of
problematic opioid use, opioid craving, and poor opioid
treatment outcomes related to analgesia and adverse effects [7]. Conversely, the pain experience itself may contribute to depressive symptoms through pathways of
emotional distress, lower quality of life, or greater psychosocial burden [14–16].
This study aims to add to the literature on concurrent
depression, pain, and substance use by examining the relationship that depressive symptoms may have with pain
severity and functional interference in PWUD. As well,
this study aims to explore the effects of specific substance use factors—such as heroin use, prescription opioid use, cannabis use, and non-fatal overdose—as
potentially statistically significant confounders in the relationship between depressive symptoms and pain, which
have not been well described in this context. It is hypothesized that depressive symptoms will be significantly
associated with greater pain severity, functional interference, and substance use related behaviours and harms.
Methods
Participants

The Vancouver Injection Drug Users Study (VIDUS)
and the AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS) are two cohort studies of
PWUD that have been described in detail elsewhere
[17]. Briefly, participants are adults aged 18 years or
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older who have either injected illicit drugs in the month
prior to enrolment and are HIV-seronegative (VIDUS)
or used an illicit drug other than or in addition to cannabis in the month prior to enrolment and are HIVseropositive (ACCESS). Participants are recruited in
Vancouver, Canada through community-based methods
including snowball sampling, street outreach, and selfreferral; provide written informed consent; complete
interviewer-administered questionnaires at baseline and
semi-annually; and receive a $40 (CDN) stipend at each
study visit. The study instruments administered for both
cohorts are identical, with the exception of additional
HIV-specific assessments for the ACCESS cohort, and
follow-up periods and procedures are harmonized to facilitate combined data analysis and interpretation between the two cohorts as they operate in tandem.
Additionally, any VIDUS participants who seroconvert
to become HIV-positive after enrolling in the study are
merged into the ACCESS cohort. This study used data
from eligible interviews completed between December 1,
2016 and December 31, 2018, during which time the
participant’s main survey questionnaire and supplemental posttraumatic stress questionnaire must have been
completed within 14 days of each other. The study was
restricted to participants who reported major or persistent pain within the 6 months prior to their interview, as
ascertained by a response of “Yes” to the initial screening
question of the Brief Pain Inventory: “Throughout our
lives, most of us have had pain from time to time (such
as minor headaches, sprains, and toothaches). Have you
had pain other than these everyday kinds of pain?”
Measures

The Brief Pain Inventory – Short Form (BPI-SF) was
used to measure past-week average pain severity, measured using a zero-to-ten scale, and average past 24-h
functional pain interference, measured using the average
zero-to-ten composite score across six functional domains of general activity, mood, walking, relations with
other people, sleep, and enjoyment of life. The BPI is a
valid and reliable self-reported pain instrument that has
been widely used in studies measuring clinical pain intensity and pain interference among substance-using
populations [18–21].
The Adult Patient-Reported Outcomes Measurement
Information System (PROMIS) Emotional Distress – Depression Short Form [22] was used to measure depressive symptoms: as per the instrument scoring protocol
[23], total raw scores were converted into T-scores,
interpreted as “Moderate – Severe” depression for Tscores ≥60.0, and “None – Mild” depression for T-scores
≤59.9. Other mental health variables were measured
using the Adult PROMIS Emotional Distress – Anxiety
Short Form [22, 24], which compared “Moderate –

Voon et al. BMC Psychiatry

(2021) 21:416

Severe” anxiety (T-score ≥ 60.0) against “None – Mild”
anxiety (T-score ≤ 59.9), and the Posttraumatic Stress
Disorder (PTSD) Checklist for DSM-5 (PCL-5), which
compared a provisional PTSD diagnosis of “Yes” (PCL-5
score ≥ 31) against a provisional PTSD diagnosis of “No”
(PCL-5 score < 31) [25, 26]. Given that the PCL-5 was a
supplemental questionnaire administered once per participant only, this study employed a cross-sectional analysis of variables obtained from participants’ PCL-5
responses as well as the corresponding main survey
questionnaire that was completed most recently (within
14 days) from the time of the PCL-5 questionnaire.
Other potentially confounding variables were identified based on conceptual and demonstrated associations
with depression and pain. For instance, several studies
have found significant associations between pain and depressive symptoms and various demographic characteristics such as age, sex, and race [11, 12, 27–29]; various
substance use characteristics and disorders [11, 12, 27–
29]; overdose [30, 31]; and factors related to ability or inability to access health care including addiction treatment [32, 33]. Therefore, the following covariates were
considered for this analysis: age (≥ versus < median); sex
at birth (male versus female); race (white versus Black,
Indigenous, or Person of Color [BIPOC] or other); highest level of education completed (≥ versus < high
school); homelessness (yes to staying outside or in tents
or in temporary short-term shelters, versus no); incarceration (yes versus no); non-fatal overdose (yes to the
question: “In the last 6 months, have you overdosed by
accident (i.e., where you had a negative reaction from
using too much drugs)?” versus no); binge drug use (yes
versus no); injection drug use (yes versus no); inability to
access addiction treatment (yes versus no); experiencing
barriers to accessing health services (yes versus no); and
currently being on prescribed pain medications at the
time of interview (yes versus no).
Additionally, the following substance use variables
were considered: heroin use (at least daily use versus less
than daily use); stimulant use (i.e., cocaine, crack cocaine, or crystal methamphetamine; at least daily use
versus less than daily use); non-medical prescription opioid use (at least daily use versus less than daily use);
heavy alcohol use (greater than versus less than or equal
to four drinks per day or 14 drinks per week for men, or
greater than versus less than or equal to three drinks per
day or seven drinks per week for women); and cannabis
use (at least daily use versus less than daily use). Participants were asked: “In the last six months, which of the
following drugs did you use, and how often did you use
them?” Participants were then read out a list of substances by the interviewer. For each substance, the frequency of use for that substance was recorded as either:
less than once per month, one to three times per month,
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about once per week, two or three times per week, or at
least daily. For any substance used at least daily, the
average number of uses per day was recorded for each
substance. For each applicable substance, participants
were asked about their frequency of injection and noninjection use separately. For prescription opioids, as per
the U.S. National Survey on Drug Use and Health [34],
participants were asked: “In the last six months, which
of the following prescription opiates did you use when
they were not prescribed for you or that you took only
for the experience or feeling they caused, and how often
did you use them?” A chart of prescription opioid drug
names and pictures was then shown and read out to the
participant, including the following prescription opiates:
OxyNEO, OxyContin, Percocet (Percodan, other oxycodone), Tylenol 3 (codeine), morphine (MS Contin,
Avinza, Kadian, M-Eslon), Dilaudid (hydromorphone
hydrochloride), Demerol (Darvon, meperidine, propoxyphene), Methadone / Methadose (Dolophine), Suboxone,
Fentanyl (Durgesic, Actiq), Hydrocodone (Vicodin), Talwin (pentazocine), or Other, in which participants were
able to report any other opiate.
Unless otherwise noted, these variables pertain to activities or events that occurred within the 6 months
prior to the participant’s interview. Observations with
missing responses to these measures were excluded via
listwise deletion contingent upon a non-significant (p ≥
0.05) result from Little’s missing completely at random
(MCAR) test [35], given that listwise deletion does not
produce bias in estimation if missing data is MCAR [36].
All variables were included in Little’s MCAR test as follows: participant identification number, follow-up number, interview date, average pain severity, average pain
interference, PTSD, depressive symptoms, anxiety, age,
sex, race, highest education completed, homelessness, incarceration, daily heroin use, daily stimulant use, daily
non-medical prescription opioid use, heavy alcohol use,
daily cannabis use, overdose, binge drug use, injection
drug use, inability to access addiction treatment, barriers
to accessing healthcare, currently on pain medication,
and cohort (ACCESS versus VIDUS).
Statistical analyses

First, descriptive statistics of participants stratified by depressive symptoms were examined using Mann-Whitney
U tests for the continuous zero-inflated pain severity
and interference variables, and Pearson’s chi-squared
tests and Fisher’s exact tests (for cell counts ≤5) for categorical variables. Second, the data was checked to ensure that the assumptions were met for satisfying the
generalized linear model (GLM) procedure (e.g., homoscedasticity, normality of residuals, Shapiro-Wilk normality test). After confirming normal error distributions,
bivariate GLMs with identity link functions were fit to
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estimate the effect of depressive symptoms and their potentially confounding covariates on pain severity and
pain interference. Third, multivariate GLMs were fit to
estimate the adjusted effect of depressive symptoms on
average pain severity and average pain interference using
an a-priori-defined confounding model building approach similar to that of Maldonado and Greenland [37]
and several other prior studies [38–40]: beginning with
the variables found to have p < 0.1 from the bivariate
analyses, a reduced model was built by removing the covariate that changed the coefficient of the main predictor
variable the least when that covariate was removed. This
iterative construction of reduced models, with one covariate removed sequentially, was repeated until a final
reduced model was arrived at, in which all covariates in
the final model would have changed the estimate of the
main predictor variable by at least 5 %. This change-inestimate criterion filters out non-influential variables,
such that the remaining covariates in the final reduced
model are considered confounding variables to the primary predictor variable. Variance inflation factors (VIFs)
were calculated on the predictor variables in the multivariate confounding models in order to diagnose multicollinearity. A sensitivity analysis was performed
following the above model building approach but excluding the covariates of PTSD and anxiety, given their
potential collinear relationship with depressive symptoms. For all analyses, p-values were two-sided and significant associations were defined as p < 0.05. All
analyses were conducted using R version 4.0.0 (R Foundation for Statistical Computing, Vienna, Austria, 2020).

Results
At the start of the study period, the total number of enrolled participants expected to participate in follow-up
interviews, excluding those who had deceased or withdrew from the study, was 1961. From December 1, 2016
to December 31, 2018, 1377 PWUD completed at least
one study visit (i.e., 584 participants lost to follow-up
during the study period). Of those, 903 participants reported major or persistent pain; 979 completed the supplemental PCL-5 questionnaire; and 957 had a valid
PCL-5 score, leaving 336 participants who reported pain
and completed both the main survey questionnaire and
the PCL-5 supplemental questionnaire within 14 days of
each other. Of these, 48 participants had missing data
for either the outcome variable or covariates of interest
(missing response rate = 14.3%). Little’s MCAR test did
not produce a significant result (p = 0.273); therefore, it
was determined that the missing data was MCAR and
listwise deletion of the missing data was employed.
A remaining total of 288 participants were eligible for
inclusion in this analysis. In this sample, 26% of participants reported moderate to severe depressive symptoms.
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As shown in Table 1, the sample was 66% male, 45%
white, with a median age of 51 years (interquartile range
[IQR]: 44–57 years). The median average pain severity
was not significantly different between participants
reporting moderate to severe depressive symptoms (median: 6, IQR: 5–7) compared to participants reporting no
to mild depressive symptoms (median: 6, IQR: 4–7, p =
0.218). For average pain interference, scores were significantly higher for participants reporting moderate to severe depressive symptoms (median: 6, IQR: 4–7)
compared to participants reporting no to mild depressive symptoms (median: 4, IQR: 1–6, p < 0.001). Compared to participants reporting no to mild depressive
symptoms, participants with moderate to severe depressive symptoms demonstrated significantly higher unadjusted odds of PTSD, moderate to severe anxiety,
younger age, ≥ daily stimulant use, non-fatal overdose,
binge drug use, and injection drug use, and lower unadjusted odds of taking prescribed pain medication
(Table 1).
Table 2 presents the results of the bivariate and multivariate GLMs examining the effect of depressive symptoms on average pain severity. Moderate to severe
depressive symptoms were not found to be significantly
associated with average pain severity in the unadjusted
(β = 0.36, 95% CI: − 0.24 - 0.95, p = 0.245) or adjusted (β:
0.22, 95% CI: − 0.38 - 0.82, p = 0.479) models. ≥ Daily
stimulant use was significantly associated with higher
average pain severity scores in the unadjusted model,
but was no longer statistically significant in the adjusted
model. Other substance use related covariates (e.g., heroin use, non-medical prescription opioid use, cannabis
use, overdose, injection drug use) were not found to be
significantly associated with average pain severity. Sex
was the only covariate that was statistically significant in
both the unadjusted and adjusted models, with male sex
being significantly associated with lower average pain severity scores (unadjusted β = − 0.72, 95% CI: (− 1.27 -0.17, p = 0.010; adjusted β = − 0.67, 95% CI: − 1.22 -0.12, p = 0.019).
Table 3 presents the results of the bivariate and multivariate GLMs examining the effect of depressive symptoms on average functional pain interference. Here,
moderate to severe depressive symptoms were found to
be significantly associated with higher average pain
interference scores in both the unadjusted (β = 1.49, 95%
CI: 0.72–2.26, p < 0.001) and adjusted (β = 1.24, 95% CI:
0.33–2.15, p = 0.008) models. Based on the confounding
model building approach, PTSD, anxiety, sex, ≥ daily
heroin use, non-fatal overdose, and currently being prescribed pain medication were determined to be statistically significant positive confounders (based on the ≥5%
change-in-estimate criterion) in the relationship between
depressive symptoms and average pain interference. Of
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Table 1 Characteristics of 288 people who use drugs, stratified by PROMIS Emotional Distress – Depression score
Moderate – Severe Depressive Symptomsa
n (%)
n = 76 (26.4%)

No – Mild Depressive Symptomsa
n (%)
n = 212 (73.6%)

Odds Ratio (95% CI)

p - value

6 (5–7)

6 (4–7)

1.07 (0.95–1.21)

0.218

6 (4–7)

4 (1–6)

1.19 (1.08–1.31)

< 0.001

Yes

53 (69.7)

75 (35.4)

4.21 (2.39–7.40)

< 0.001

No

23 (30.3)

137 (64.6)

Moderate – Severe

56 (73.7)

34 (16.0)

14.66 (7.82–27.49)

< 0.001

None – Mild

20 (26.3)

178 (84.0)

≥ Median

29 (38.2)

114 (53.8)

0.53 (0.31–0.91)

0.028

< Median

47 (61.8)

98 (46.2)

Male

46 (60.5)

144 (67.9)

0.72 (0.42–1.25)

0.305

Female

30 (39.5)

68 (32.1)

White

35 (46.0)

96 (45.3)

1.03 (0.61–1.75)

1.000

BIPOC or other

41 (54.0)

116 (54.7)

0.65 (0.38–1.10)

0.141

2.02 (0.99–4.12)

0.077

2.94 (0.92–9.42)

0.118

1.87 (1.03–3.39)

0.057

2.26 (1.33–3.84)

0.004

2.14 (0.47–9.78)

0.385

1.21 (0.67–2.18)

0.643

2.12 (1.04–4.35)

0.058

Characteristic

Average pain severitya
Median (IQR)

Average pain interferenceb
Median (IQR)
PTSDc

Anxietya

Age

Sex

Race

Highest education completed
≥ High school

32 (42.1)

112 (52.8)

< High school

44 (57.9)

100 (47.2)

Yes

15 (19.7)

23 (10.8)

No

61 (80.3)

189 (89.2)

Yes

6 (7.9)

6 (2.8)

No

70 (92.1)

206 (97.2)

Yes

23 (30.3)

40 (18.9)

No

53 (69.7)

172 (81.1)

Yes

42 (55.3)

75 (35.4)

No

34 (44.7)

137 (64.6)

Homelessd

Incarceratedd

≥ Daily heroin used

≥ Daily stimulant used

≥ Daily non-medical prescription opioid used
Yes

3 (4.0)

4 (1.9)

No

73 (96.0)

208 (98.1)

Yes

21 (27.6)

51 (24.1)

No

55 (72.4)

161 (75.9)

Yes

15 (19.7)

22 (10.4)

No

61 (80.3)

190 (89.6)

≥ Daily cannabis used

Heavy alcohol used
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Table 1 Characteristics of 288 people who use drugs, stratified by PROMIS Emotional Distress – Depression score (Continued)
Moderate – Severe Depressive Symptomsa
n (%)
n = 76 (26.4%)

No – Mild Depressive Symptomsa
n (%)
n = 212 (73.6%)

Odds Ratio (95% CI)

p - value

Yes

17 (22.4)

24 (11.3)

2.26 (1.14–4.49)

0.030

No

59 (77.6)

188 (88.7)

Yes

37 (48.7)

55 (25.9)

2.71 (1.57–4.67)

< 0.001

No

39 (51.3)

157 (74.1)

Yes

56 (73.7)

121 (57.1)

2.11 (1.18–3.76)

0.016

No

20 (26.3)

91 (42.9)

3.87 (0.85–17.71)

0.082

1.88 (0.99–3.56)

0.077

0.45 (0.26–0.77)

0.005

Characteristic

Overdosed

Binge drug used

Injection drug used

Inability to access addiction treatmentd
Yes

4 (5.3)

3 (1.4)

No

72 (94.7)

209 (98.6)

Barriers to accessing healthcared
Yes

19 (25.0)

32 (15.1)

No

57 (75.0)

180 (84.9)

Currently on pain medication
Yes

27 (35.5)

117 (55.2)

No

49 (64.5)

95 (44.8)

a

Denotes activities/events within the week prior to the participant’s interview
b
Denotes activities/events within the 24 h prior to the participant’s interview
c
Denotes activities/events within the month prior to the participant’s interview
d
Denotes activities/events within the 6 months prior to the participant’s interview

these, the final adjusted model showed statistical significance (based on p-value) for the effect of ≥ daily heroin
use (β = 1.26, 95% CI: 0.47–2.05, p = 0.002), non-fatal
overdose (β = 1.02, 95% CI: 0.08–1.96, p = 0.034), and being prescribed pain medication (β = 1.14, 95% CI: 0.48–
1.81, p < 0.001) on average pain interference.
In terms of potential differences between the two cohort samples, no significant differences were found for
average pain severity (Table 2). Average pain interference was significantly greater among the VIDUS cohort
in bivariable analysis (β = 0.77, 95% CI = 0.08–1.46, p =
0.029) but was not found to be statistically significant in
the multivariable model building procedure (Table 3).
In both multivariate GLM models, no issues were
identified related to multicollinearity between covariates
(all VIF < 1.6). Regardless, a sensitivity analysis was performed excluding the covariates of PTSD (VIF = 1.15)
and anxiety (VIF = 1.55) to assess any change in estimate
when these covariates were excluded from the adjusted
effect of depressive symptoms on functional pain interference (a sensitivity analysis was not performed on the
pain severity model, as these covariates were not determined to be confounders in the adjusted model). The results yielded a higher estimate for the effect of
depressive symptoms on pain interference (β = 1.46, 95%

CI: 0.62–2.23, p < 0.001). The estimates for the
remaining covariates remained similar to the original adjusted model, with the exceptions of ≥ daily stimulant
use replacing ≥ daily heroin use as a significant confounder, and sex being excluded from the model as an
insignificant confounder (Table 3, footnote).

Discussion
This study of PWUD with major or persistent pain
found that, in a sample of 288 participants among whom
approximately one-quarter reported moderate to severe
depressive symptoms, such depressive symptoms were
significantly associated with greater average functional
pain interference, but not significantly associated with
average pain severity. Greater pain interference was also
significantly associated with daily heroin use and nonfatal overdose, while other substance use factors such as
daily prescription opioid or cannabis use did not appear
to be significantly associated with average pain interference or severity.
The finding that depressive symptoms were significantly associated with greater pain-related functional
interference, but not pain severity, is somewhat surprising and contrary to the hypothesis that both outcomes
would be significantly associated with depressive
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Table 2 Bivariate and multivariate generalized linear regression of the effect of depressive symptoms on average pain severitya (n =
288)
Unadjusted

Adjusted

Characteristic

β (95% CI)

p - value

Depressive symptomsa (Moderate-Severe vs. Mild-None)

0.36 (− 0.24–0.95)

0.245

PTSDb (Yes vs. No)

0.01 (− 0.52–0.55)

0.959

Anxietya (Moderate-Severe vs. Mild-None)

0.41 (− 0.15–0.98)

0.155

Age (≥ Median vs. < Median)

− 0.30 (− 0.83–0.22)

0.258

Sex (Male vs. Female)

− 0.72 (− 1.27 - -0.17)

0.010

Race (White vs. BIPOC or other)

− 0.49 (− 1.01–0.04)

0.071

Highest education completed (≥ vs. < High school)

− 0.35 (− 0.88–0.17)

0.188

Homelessc (Yes vs. No)

0.59 (− 0.19–1.37)

0.138

c

Incarcerated (Yes vs. No)

0.16 (−1.16–1.48)

0.809

≥ Daily heroin usec (Yes vs. No)

0.46 (− 0.18–1.10)

0.158

≥ Daily stimulant use (Yes vs. No)

0.54 (0.01–1.07)

0.048

≥ Daily non-medical prescription opioid usec (Yes vs. No)

1.29 (− 0.41–3.00)

0.138

c

≥ Daily cannabis usec (Yes vs. No)

0.17 (− 0.44–0.78)

0.582

Heavy alcohol usec (Yes vs. No)

0.16 (− 0.63–0.94)

0.698

Overdosec (Yes vs. No)

0.36 (− 0.39–1.11)

0.350

Binge drug usec (Yes vs. No)

0.29 (−0.27–0.86)

0.310

Injection drug use (Yes vs. No)

0.20 (−0.34–0.75)

0.461

Inability to access addiction treatmentc (Yes vs. No)

0.56 (−1.15–2.28)

0.520

c

c

Barriers to accessing healthcare (Yes vs. No)

0.47 (−0.22–1.16)

0.183

Currently on pain medication (Yes vs. No)

0.40 (−0.13–0.92)

0.141

Cohort (VIDUS vs. ACCESS)

0.02 (−0.51–0.55)

0.936

β (95% CI)

p - value

0.22 (− 0.38–0.82)

0.479

− 0.67 (− 1.22 - -0.12)

0.019

0.45 (− 0.09–0.99)

0.107

a

Denotes activities/events within the week prior to the participant’s interview
b
Denotes activities/events within the month prior to the participant’s interview
c
Denotes activities/events within the 6 months prior to the participant’s interview

symptoms. One explanation could be that perhaps in a
substance-using population in particular, depression
may have a greater impact on the pain-related functional
activities of daily living than on the physical pain experience itself, although literature that points to the influence of depressed emotions and mood on pain
perception supported our original hypothesis [41–43].
The significant effect of depressive symptoms on pain
interference, as hypothesized, is supported by past research that has found that individuals with concurrent
pain, substance use disorder, and mental health disorder
have poorer functional outcomes in physical, personal,
and social domains [29]. It is possible that there are
overlapping functional impairments as a consequence of
both pain and depressive symptoms, with regard to the
domains quantified in this study using the BPI (i.e., general activity, mood, walking, relations with other people,
sleep, and enjoyment of life). The relationship may even
be cyclical in nature, as greater pain-related functional
interference may lead to more distress and depressive
symptoms, which in turn may lead to lower levels of
function due to the inhibitive physical, mental, and

social effects of the mental illness. The exact contribution of depressive symptoms and pain on functional
interference is difficult to disentangle and likely varies
across individual experiences. Research in this area supports the possibility that depressive symptoms may contribute to pain interference (e.g., decreased activity and
mobility, decreased motivation or adherence toward
treatment), or that depressive symptoms may be a consequence of pain interference (e.g., emotional distress,
lower quality of life, greater psychosocial burden) [14–
16].
The finding that non-fatal overdose was significantly
associated with higher average pain interference is concerning, given that non-fatal overdose is a significant
predictor of subsequent fatal overdose in PWUD [44]. In
a study that examined characteristics of fatal opioid
overdose decedents, the prevalence of mental illness and
chronic pain were significantly higher in decedents with
non-problematic opioid use—that is, in individuals without a diagnosis of opioid use disorder or evidence of aberrant drug-related behaviours within the year prior to
death—compared to decedents with diagnosed
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Table 3 Bivariate and multivariate generalized linear regression of the effect of depressive symptoms on average pain interferencea
(n = 288)
Adjustedα

Unadjusted
Characteristic

β (95% CI)

p - value

Depressive symptomsb (Moderate-Severe vs. Mild-None)

1.49 (0.72–2.26)

< 0.001

1.24 (0.33–2.15)

0.008

PTSDc (Yes vs. No)

0.80 (0.11–1.49)

0.024

0.28 (−0.42–0.98)

0.437

0.13 (− 0.74–1.00)

0.762

−0.59 (− 1.30–0.12)

0.106

1.26 (0.47–2.05)

0.002

1.02 (0.08–1.96)

0.034

1.14 (0.48–1.81)

< 0.001

Anxietyb (Moderate-Severe vs. Mild-None)

0.94 (0.20–1.68)

0.013

Age (≥ Median vs. < Median)

−0.08 (− 0.78–0.61)

0.818

Sex (Male vs. Female)

− 0.85 (− 1.58 - -0.13)

0.022

Race (White vs. BIPOC or other)

0.00 (− 0.70–0.70)

0.999

Highest education completed (≥ vs. < High school)

−0.20 (− 0.89–0.50)

0.581

Homelessc (Yes vs. No)

1.05 (0.03–2.06)

0.045

Incarcerated (Yes vs. No)

−0.34 (− 2.07–1.40)

0.705

≥ Daily heroin usec (Yes vs. No)

1.53 (0.71–2.35)

< 0.001

≥ Daily stimulant use (Yes vs. No)

0.93 (0.23–1.63)

0.010

≥ Daily non-medical prescription opioid usec (Yes vs. No)

1.40 (−0.85–3.64)

0.225

≥ Daily cannabis use (Yes vs. No)

−0.07 (− 0.87–0.73)

0.858

Heavy alcohol usec (Yes vs. No)

0.18 (−0.85–1.22)

0.730

c

c

c

c

Overdose (Yes vs. No)

1.40 (0.42–2.38)

0.005

Binge drug usec (Yes vs. No)

0.54 (−0.21–1.28)

0.158

Injection drug usec (Yes vs. No)

1.22 (0.53–1.92)

< 0.001

Inability to access addiction treatmentc (Yes vs. No)

2.10 (−0.14–4.34)

0.067

c

Barriers to accessing healthcare (Yes vs. No)

0.77 (−0.14–1.67)

0.098

Currently on pain medication (Yes vs. No)

0.88 (0.20–1.57)

0.012

Cohort (VIDUS vs. ACCESS)

0.77 (0.08–1.46)

0.029

β (95% CI)

p - value

a

Denotes activities/events within the 24 h prior to the participant’s interview
b
Denotes activities/events within the week prior to the participant’s interview
c
Denotes activities/events within the month prior to the participant’s interview
c
Denotes activities/events within the 6 months prior to the participant’s interview
α
In an additional sensitivity analysis excluding PTSD and anxiety in an adjusted model, the estimates for the remaining variables were: depressive symptoms (β =
1.46 [95% CI: 0.68–2.23], p < 0.001), ≥ daily stimulant use (β = 0.69 [95% CI: 0.01–1.37], p = 0.049), overdose (β = 1.08 [95% CI: 1.12–2.03], p = 0.028), currently on
pain medication (β = 1.15 [95% CI: 0.48–1.81], p < 0.001)

problematic opioid use [5]. Greater attention to this less
recognizable undiagnosed group, which constituted 53%
of the deaths in the aforementioned study, is warranted
given that their risk for overdose may not be as apparent
as in individuals demonstrating problematic opioid use.
In our models, non-fatal overdose was significantly associated with higher average pain interference, but not
pain severity. Future research could explore potential
pathways or mediating effects between pain-related
functional limitations, depressive symptoms, and
intentional or non-intentional overdose. Other studies
have found greater likelihood of depression among those
dying due to an unintentional opioid overdose [45] and
a 26% (95% CI: 1–58%) increase in opioid-related deaths
per 1% increase in state-level depression diagnoses [46].
One potential pathway may be the relationship between
comorbid pain interference and depression on subsequent suicidal ideation and risk for overdose. Suicide has
been deemed a “silent contributor” to the opioid

overdose crisis: populations with chronic pain and
mood disorders are more likely to receive opioid prescriptions, while also being at greater risk for suicide
[47]. A study of opioid-using veterans found that
greater pain severity, pain interference, depression,
and suicidal ideation were positively related to greater
overdose risk behaviours [31]. These findings may
provide evidence that supports the concept of “adverse selection” currently being observed in treatment
settings, in which individuals at high risk for poor
outcomes are often those prescribed high-dose and
high-risk chronic opioid treatment, in spite of clinical
guidelines that recommend careful selection of lowrisk patients for opioid treatment [48–50]. Collectively, these findings highlight the need for further research on and clinical assessment of precipitating
factors for overdose among PWUD with pain, particularly those with comorbid depressive symptoms.
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Regarding substance use related factors, we had hypothesized that greater pain severity and interference
would be associated with greater intensity of substance
use. Our multivariate models found that only daily heroin use remained significantly associated when analysed
alongside the main effect of depressive symptoms on
pain interference and controlling for other confounders
including currently being prescribed pain medication. A
possible explanation could be that heroin may be the
substance of choice for this particular sample of respondents with pain, perhaps due to its rapid onset of effect
compared to prescription opioids, or its lower price in
unregulated drug markets compared to prescription opioids [51, 52]. It is interesting to note that heroin use was
significantly associated with pain-related functional
interference but not the severity of pain itself, which
may suggest a correlation between heroin use and its effects on the functional domains of activity, mood, walking, relations with other people, and enjoyment of life,
which may influence the consumption of the drug more
than the goal of achieving analgesia for pain. These findings are also noteworthy in the context of opioidinduced hyperalgesia and withdrawal-associated injury
site pain, which may contribute to an individual’s experience of pain and pain-related functioning [53]. These
findings, along with literature indicating a resurgence of
heroin use in recent years [54], signify a need for further
research on the underlying reasons for heroin use
among PWUD living with pain, as well as research on
the temporal pathways through which PWUD with pain
may initiate heroin use (e.g., whether an opioid use disorder preceded pain that may be result of opioidinduced hyperalgesia, or whether pain may have preceded opioid use that could have been precipitated iatrogenically via prescription opioids), the findings of which
may lead to important insights for harm reduction and
clinical management interventions. Contrary to our hypothesis, other substance use factors—such as daily prescription opioid misuse, daily cannabis use, or injection
drug use—were not significantly associated with either
pain severity or interference. Future studies may shed light
on whether more complex interactions exist between depressive symptoms, pain, and other substance use behaviours, such as was found in one gender-based study that
found lower levels of cannabis use were associated with
higher levels of pain interference among females, but no
such association was found among males [55].
There are several limitations of this study that should
be mentioned. While the use of prescribed pain medication was accounted for in the analyses, we were unable
to take into account any use of prescribed psychiatric
medication that may affect the observed estimates. We
can hypothesize that untreated depressive symptoms
may have a greater effect on pain severity and
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interference, and that the inverse may also be true. The
varying duration of recall periods for different measures
in this study may also have affected the observed estimates. For instance, the BPI-SF measured past-week
pain severity and past-24 h functional pain interference;
the PROMIS measured past-week depressive symptoms;
and the substance use variables were measured within a
past-six months timeframe. This study also relied on
self-reported data that may be subject to reporting bias
including socially desirable responses. While efforts were
made to use standardized, valid and reliable instruments
as part of the interviewer-administered questionnaires,
some of the measures used have not been tested for internal consistency. Additionally, as previously noted, the
directionality of temporal associations cannot be established from the present analyses due to its crosssectional nature, so the results should be interpreted
with caution. These findings may not be generalizable to
other groups of PWUD whose substance use, mental
health, and pain characteristics may differ. The sample
size (n = 288) for this study is relatively small, which may
increase the margin of error of the reported estimates.
Finally, data collection for this study occurred during a
period of widespread fentanyl contamination in the
study setting’s local drug supply [56], which may affect
the estimates related to substance use (e.g., participants
may have been using, knowingly or unknowingly, a substance with fentanyl added to it, which may increase the
potential for misclassification bias in these analyses) and
non-fatal overdose (i.e., a major increase in non-fatal
overdose due to fentanyl contamination was observed
during the study period, which may have increased the
observed prevalence and correlates of overdose in these
analyses).
In conclusion, this study has demonstrated that depressive symptoms appear to be significantly associated
with greater functional pain interference, but does not
appear to be significantly associated with average pain
severity. Non-fatal overdose and daily heroin use were
found to be significant confounders in the relationship
between depressive symptoms and pain interference, and
were independently associated with greater pain interference. These results highlight the importance of assessing
for and addressing depressive symptoms, their related
risk behaviours and harms such as heroin use and overdose, and the potential overlapping impacts with painrelated functional impairment, which have direct implications for wellbeing, quality of life, and treatment outcomes among PWUD with pain.
Abbreviations
ACCESS: AIDS Care Cohort to evaluate Exposure to Survival Services;
BIPOC: Black, Indigenous, or Person of Color; BPI-SF: Brief Pain Inventory –
Short Form; CDN: Canadian Dollar; CI: Confidence interval; DSM: Diagnostic
and Statistical Manual of Mental Disorders; GLM: Generalized linear

Voon et al. BMC Psychiatry

(2021) 21:416

regression modelling; HIV: Human immunodeficiency virus; IQR: Interquartile
range; PROMIS: Patient-Reported Outcomes Measurement Information
System; PCL-5: Posttraumatic Stress Disorder Checklist for DSM-5;
PTSD: Posttraumatic Stress Disorder; PWUD: People who use drugs;
VIDUS: Vancouver Injection Drug Users Study; VIF: Variance inflation factor
Acknowledgements
The authors wish to thank the study participants for their contribution to the
research, as well as current and past researchers and staff.
Authors’ contributions
PV and TK conceived of the study and its design. JC performed the statistical
analyses. All authors contributed to data interpretation, critically revised the
manuscript for important intellectual content, approved the final version of
the article for publication, and agreed to be accountable for appropriate
investigation and resolution related to accuracy or integrity of the work.
Funding
This study was supported by the US National Institutes of Health
(U01DA038886 and U01DA021525) and the Canadian Institutes of Health
Research through the Canadian Research Initiative on Substance Misuse
(SMN–139148). This research was undertaken, in part, thanks to funding from
the Canada Research Chairs program through a Tier 1 Canada Research Chair
in Addiction Medicine which supports Dr. Evan Wood. Pauline Voon is
supported through a Vanier Canada Graduate Scholarship from the Canadian
Institutes of Health Research (CIHR) and a Doctoral Scholarship from The
Pierre Elliott Trudeau Foundation. Kanna Hayashi holds the St. Paul’s Hospital
Chair in Substance Use Research and is supported in part by the NIH grant
(U01DA038886), a CIHR New Investigator Award (MSH-141971), a Michael
Smith Foundation for Health Research (MSFHR) Scholar Award, and the St.
Paul’s Foundation. M-J Milloy is supported by the US NIH (U01-DA0251525),
a CIHR New Investigator Award, and a Michael Smith Foundation for Health
Research Scholar Award. He is the Canopy Growth professor of cannabis science at the University of British Columbia, a position established through
arms-length gifts to the university from the Government of British Columbia’s
Ministry of Mental Health and Addictions and Canopy Growth, a licensed
producer of cannabis.
Availability of data and materials
The datasets used and/or analysed during the current study are not publicly
available due to limitations of ethical approval involving participant data and
anonymity, but may be made available from the corresponding author upon
reasonable request.

Declarations
Ethics approval and consent to participate
This research has been performed in accordance with relevant guidelines
and regulations and has received ethical approval from the University of
British Columbia and Providence Health Care Research Ethics Boards. All
participants provided written informed consent for their participation in
these studies.
Consent for publication
Not applicable.
Competing interests
Other than the potential competing interests listed in the Funding section
below, the authors declare that they have no competing interests.
Author details
1
British Columbia Centre on Substance Use, 400-1045 Howe Street,
Vancouver, BC V6Z 2A9, Canada. 2School of Population and Public Health,
University of British Columbia, 5804 Fairview Avenue, Vancouver, BC V6T 1Z3,
Canada. 3Faculty of Health Sciences, Simon Fraser University, 8888 University
Drive, Burnaby, BC V5A 1S6, Canada. 4Department of Medicine, University of
British Columbia, 400-1045 Howe Street, Vancouver, BC V6Z 2A9, Canada.

Page 10 of 11

Received: 12 March 2021 Accepted: 31 July 2021

References
1. CDC. U.S. Centers for Disease Control and Prevention: Opioid Overdose: U.S.
Washington, DC: Department of Health and Human Services; 2020. Available
from: https://www.cdc.gov/drugoverdose/.
2. Hauser W, Schug S, Furlan AD. The opioid epidemic and national guidelines
for opioid therapy for chronic noncancer pain: a perspective from different
continents. Pain Rep. 2017;2(3):e599. https://doi.org/10.1097/PR9.
0000000000000599.
3. Drug-related deaths in Scotland in 2018: National Records of Scotland; 2019.
Available from: https://www.nrscotland.gov.uk/files//statistics/drug-relateddeaths/2018/drug-related-deaths-18-pub.pdf. Accessed 26 Jan 2021.
4. Mathers BM, Degenhardt L, Phillips B, Wiessing L, Hickman M, Strathdee SA,
et al. Global epidemiology of injecting drug use and HIV among people
who inject drugs: a systematic review. Lancet. 2008;372(9651):1733–45.
https://doi.org/10.1016/S0140-6736(08)61311-2.
5. Rose C, Shahanaghi A, Romero-Gonzalez M, Yarzebski J, Andre M,
DiGirolamo GJ, et al. Mortality associated with opioid overdose: a review of
clinical characteristics and health services received in the year prior to
death. Psychiatr Serv. 2019;70(2):90–6. https://doi.org/10.1176/appi.ps.201
800122.
6. Dersh J, Polatin PB, Gatchel RJ. Chronic pain and psychopathology: research
findings and theoretical considerations. Psychosom Med. 2002;64(5):773–86.
https://doi.org/10.1097/01.psy.0000024232.11538.54.
7. van Rijswijk SM, van Beek M, Schoof GM, Schene AH, Steegers M,
Schellekens AF. Iatrogenic opioid use disorder, chronic pain and psychiatric
comorbidity: a systematic review. Gen Hosp Psychiatry. 2019;59:37–50.
https://doi.org/10.1016/j.genhosppsych.2019.04.008.
8. Boscarino JA, Hoffman SN, Han JJ. Opioid-use disorder among patients on
long-term opioid therapy: impact of final DSM-5 diagnostic criteria on
prevalence and correlates. Subst Abus Rehabil. 2015;6:83–91. https://doi.
org/10.2147/SAR.S85667.
9. Boscarino JA, Rukstalis M, Hoffman SN, Han JJ, Erlich PM, Gerhard GS, et al.
Risk factors for drug dependence among out-patients on opioid therapy in
a large US health-care system. Addiction. 2010;105(10):1776–82. https://doi.
org/10.1111/j.1360-0443.2010.03052.x.
10. Edlund MJ, Sullivan MD, Han X, Booth BM. Days with pain and substance
use disorders: is there an association? Clin J Pain. 2013;29(8):689–95. https://
doi.org/10.1097/AJP.0b013e318270fa77.
11. Chou R, Turner JA, Devine EB, Hansen RN, Sullivan SD, Blazina I, et al. The
effectiveness and risks of long-term opioid therapy for chronic pain: a
systematic review for a National Institutes of Health Pathways to Prevention
Workshop. Ann Intern Med. 2015;162(4):276–86. https://doi.org/10.7326/
M14-2559.
12. Turk DC, Swanson KS, Gatchel RJ. Predicting opioid misuse by chronic pain
patients: a systematic review and literature synthesis. Clin J Pain. 2008;24(6):
497–508. https://doi.org/10.1097/AJP.0b013e31816b1070.
13. Cragg A, Hau JP, Woo SA, Kitchen SA, Liu C, Doyle-Waters MM, et al. Risk
factors for misuse of prescribed opioids: a systematic review and metaanalysis. Ann Emerg Med. 2019;74(5):634–46. https://doi.org/10.1016/j.a
nnemergmed.2019.04.019.
14. Bair MJ, Robinson RL, Katon W, Kroenke K. Depression and pain
comorbidity: a literature review. Arch Intern Med. 2003;163(20):2433–45.
https://doi.org/10.1001/archinte.163.20.2433.
15. Fishbain DA, Cutler R, Rosomoff HL, Rosomoff RS. Chronic pain-associated
depression: antecedent or consequence of chronic pain? A review. Clin J
Pain. 1997;13(2):116–37. https://doi.org/10.1097/00002508-199706000-00006.
16. Romano JM, Turner JA. Chronic pain and depression: does the evidence
support a relationship? Psychol Bull. 1985;97(1):18–34. https://doi.org/10.103
7/0033-2909.97.1.18.
17. Strathdee SA, Palepu A, Cornelisse PG, Yip B, O'Shaughnessy MV, Montaner
JS, et al. Barriers to use of free antiretroviral therapy in injection drug users.
Jama. 1998;280(6):547–9. https://doi.org/10.1001/jama.280.6.547.
18. Keller S, Bann CM, Dodd SL, Schein J, Mendoza TR, Cleeland CS. Validity of
the brief pain inventory for use in documenting the outcomes of patients
with noncancer pain. Clin J Pain. 2004;20(5):309–18. https://doi.org/10.1097/
00002508-200409000-00005.
19. Breitbart W, Rosenfeld B, Passik S, Kaim M, Funesti-Esch J, Stein K. A
comparison of pain report and adequacy of analgesic therapy in

Voon et al. BMC Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(2021) 21:416

ambulatory AIDS patients with and without a history of substance abuse.
Pain. 1997;72(1–2):235–43. https://doi.org/10.1016/S0304-3959(97)00039-0.
Passik SD, Kirsh KL, Donaghy KB, Portenoy RK. Pain and aberrant drugrelated behaviors in medically ill patients with and without histories of
substance abuse. Clin J Pain. 2006;22(2):173–81. https://doi.org/10.1097/01.a
jp.0000161525.48245.aa.
Rosenblum A, Joseph H, Fong C, Kipnis S, Cleland C, Portenoy RK. Prevalence
and characteristics of chronic pain among chemically dependent patients in
methadone maintenance and residential treatment facilities. Jama. 2003;
289(18):2370–8. https://doi.org/10.1001/jama.289.18.2370.
Pilkonis PA, Choi SW, Reise SP, Stover AM, Riley WT, Cella D, et al. Item
banks for measuring emotional distress from the patient-reported outcomes
measurement information system (PROMIS(R)): depression, anxiety, and
anger. Assessment. 2011;18(3):263–83. https://doi.org/10.1177/10731
91111411667.
American Psychiatric Association. LEVEL 2, Depression, Adult (PROMIS
Emotional Distress, Depression, Short Form). Available from: https://www.
psychiatry.org/psychiatrists/practice/dsm/educational-resources/assessmentmeasures . Accessed 26 Jan 2021.
American Psychiatric Association. LEVEL 2, Anxiety, Adult (PROMIS Emotional
Distress, Anxiety, Short Form). Available from: https://www.psychiatry.org/
psychiatrists/practice/dsm/educational-resources/assessment-measures .
Accessed 26 Jan 2021.
Weathers FW, Litz BT, Keane TM, Palmieri PA, Marx BP, Schnurr PP. The PTSD
Checklist for DSM-5 (PCL-5) – Standard [Measurement instrument]. Available
from: https://www.ptsd.va.gov/. Accessed 26 Jan 2021.
Bovin MJ, Marx BP, Weathers FW, Gallagher MW, Rodriguez P, Schnurr PP,
et al. Psychometric properties of the PTSD checklist for diagnostic and
statistical manual of mental disorders-fifth edition (PCL-5) in veterans.
Psychol Assess. 2016;28(11):1379–91. https://doi.org/10.1037/pas0000254.
Voon P, Karamouzian M, Kerr T. Chronic pain and opioid misuse: a review of
reviews. Subst Abuse Treat Prev Policy. 2017;12(1):36. https://doi.org/10.11
86/s13011-017-0120-7.
Morasco BJ, Gritzner S, Lewis L, Oldham R, Turk DC, Dobscha SK. Systematic
review of prevalence, correlates, and treatment outcomes for chronic noncancer pain in patients with comorbid substance use disorder. Pain. 2011;
152(3):488–97. https://doi.org/10.1016/j.pain.2010.10.009.
Dennis BB, Bawor M, Naji L, Chan CK, Varenbut J, Paul J, et al. Impact of
chronic pain on treatment prognosis for patients with opioid use disorder: a
systematic review and meta-analysis. Subst Abuse. 2015;9:59–80. https://doi.
org/10.4137/SART.S30120.
John WS, Wu LT. Chronic non-cancer pain among adults with substance
use disorders: prevalence, characteristics, and association with opioid
overdose and healthcare utilization. Drug Alcohol Depend. 2020;209:107902.
https://doi.org/10.1016/j.drugalcdep.2020.107902.
Cleland CM, Bennett AS, Elliott L, Rosenblum A, Britton PC, Wolfson-Stofko B.
Between- and within-person associations between opioid overdose risk and
depression, suicidal ideation, pain severity, and pain interference. Drug Alcohol
Depend. 2020;206:107734. https://doi.org/10.1016/j.drugalcdep.2019.107734.
Voon P, Wang L, Nosova E, Hayashi K, Milloy MJ, Wood E, et al. Pain and
barriers to accessing health services among people who use drugs. Pain
Manag Nurs. 2020;22(2):133–40.
Voon P, Wang L, Nosova E, Hayashi K, Milloy MJ, Wood E, et al. Greater pain
severity is associated with inability to access addiction treatment among a
cohort of people who use drugs. J Pain Res. 2020;13:2443–9. https://doi.
org/10.2147/JPR.S255438.
Becker WC, Sullivan LE, Tetrault JM, Desai RA, Fiellin DA. Non-medical use,
abuse and dependence on prescription opioids among U.S. adults:
psychiatric, medical and substance use correlates. Drug Alcohol Depend.
2008;94(1–3):38–47. https://doi.org/10.1016/j.drugalcdep.2007.09.018.
Little RJA. A test of missing completely at random for multivariate data with
missing values. J Am Stat Assoc. 1988;83(404):1198–202. https://doi.org/10.1
080/01621459.1988.10478722.
Bell BA, Kromrey JD, Ferron JM. Missing data and complex samples: The
impact of listwise deletion vs. subpopulation analysis on statistical bias and
hypothesis test results when data are MCAR and MAR. In: Proceedings of
the Joint Statistical Meetings, Survey Research Methods Section, vol. 26;
2009. p. 759–4770.
Maldonado G, Greenland S. Simulation study of confounder-selection
strategies. Am J Epidemiol. 1993;138(11):923–36. https://doi.org/10.1093/
oxfordjournals.aje.a116813.

Page 11 of 11

38. Lima VD, Geller J, Bangsberg DR, Patterson TL, Daniel M, Kerr T, et al. The
effect of adherence on the association between depressive symptoms and
mortality among HIV-infected individuals first initiating HAART. Aids. 2007;
21(9):1175–83. https://doi.org/10.1097/QAD.0b013e32811ebf57.
39. Marshall BD, Kerr T, Shoveller JA, Patterson TL, Buxton JA, Wood E.
Homelessness and unstable housing associated with an increased risk of
HIV and STI transmission among street-involved youth. Health Place. 2009;
15(3):753–60. https://doi.org/10.1016/j.healthplace.2008.12.005.
40. Weng HY, Hsueh YH, Messam LL, Hertz-Picciotto I. Methods of covariate
selection: directed acyclic graphs and the change-in-estimate procedure.
Am J Epidemiol. 2009;169(10):1182–90. https://doi.org/10.1093/aje/kwp035.
41. Berna C, Leknes S, Holmes EA, Edwards RR, Goodwin GM, Tracey I. Induction
of depressed mood disrupts emotion regulation neurocircuitry and
enhances pain unpleasantness. Biol Psychiatry. 2010;67(11):1083–90. https://
doi.org/10.1016/j.biopsych.2010.01.014.
42. Wiech K, Tracey I. The influence of negative emotions on pain: behavioral
effects and neural mechanisms. Neuroimage. 2009;47(3):987–94. https://doi.
org/10.1016/j.neuroimage.2009.05.059.
43. Haythornthwaite JA, Sieber WJ, Kerns RD. Depression and the chronic pain
experience. Pain. 1991;46(2):177–84. https://doi.org/10.1016/0304-3959(91
)90073-7.
44. Caudarella A, Dong H, Milloy MJ, Kerr T, Wood E, Hayashi K. Non-fatal
overdose as a risk factor for subsequent fatal overdose among people who
inject drugs. Drug Alcohol Depend. 2016;162:51–5. https://doi.org/10.1016/j.
drugalcdep.2016.02.024.
45. Johnson EM, Lanier WA, Merrill RM, Crook J, Porucznik CA, Rolfs RT, et al.
Unintentional prescription opioid-related overdose deaths: description of
decedents by next of kin or best contact, Utah, 2008-2009. J Gen Intern
Med. 2013;28(4):522–9. https://doi.org/10.1007/s11606-012-2225-z.
46. Foley M, Schwab-Reese LM. Associations of state-level rates of depression
and fatal opioid overdose in the United States, 2011-2015. Soc Psychiatry
Psychiatr Epidemiol. 2019;54(1):131–4. https://doi.org/10.1007/s00127-018-1
594-y.
47. Oquendo MA, Volkow ND. Suicide: a silent contributor to opioid-overdose
deaths. N Engl J Med. 2018;378(17):1567–9. https://doi.org/10.1056/NEJMp1
801417.
48. Sullivan MD. Who gets high-dose opioid therapy for chronic non-cancer
pain? Pain. 2010;151(3):567–8. https://doi.org/10.1016/j.pain.2010.08.036.
49. Sullivan MD, Howe CQ. Opioid therapy for chronic pain in the United
States: promises and perils. Pain. 2013;154(Suppl 1):S94–S100. https://doi.
org/10.1016/j.pain.2013.09.009.
50. Ballantyne JC. Opioids for the treatment of chronic pain: mistakes made,
lessons learned, and future directions. Anesth Analg. 2017;125(5):1769–78.
https://doi.org/10.1213/ANE.0000000000002500.
51. Inturrisi CE, Max MB, Foley KM, Schultz M, Shin SU, Houde RW. The
pharmacokinetics of heroin in patients with chronic pain. N Engl J Med.
1984;310(19):1213–7. https://doi.org/10.1056/NEJM198405103101902.
52. Kuehn BM. SAMHSA: pain medication abuse a common path to heroin:
experts say this pattern likely driving heroin resurgence. Jama. 2013;310(14):
1433–4. https://doi.org/10.1001/jama.2013.278861.
53. Rieb LM, DeBeck K, Hayashi K, Wood E, Nosova E, Milloy MJ. Withdrawalassociated injury site pain prevalence and correlates among opioid-using
people who inject drugs in Vancouver, Canada. Drug Alcohol Depend.
2020;216:108242. https://doi.org/10.1016/j.drugalcdep.2020.108242.
54. Jones CM. Heroin use and heroin use risk behaviors among nonmedical
users of prescription opioid pain relievers - United States, 2002-2004 and
2008-2010. Drug Alcohol Depend. 2013;132(1–2):95–100. https://doi.org/10.1
016/j.drugalcdep.2013.01.007.
55. Barry DT, Pilver C, Potenza MN, Desai RA. Prevalence and psychiatric
correlates of pain interference among men and women in the general
population. J Psychiatr Res. 2012;46(1):118–27. https://doi.org/10.1016/j.
jpsychires.2011.09.004.
56. Baldwin N, Gray R, Goel A, Wood E, Buxton JA, Rieb LM. Fentanyl and
heroin contained in seized illicit drugs and overdose-related deaths in
British Columbia, Canada: an observational analysis. Drug Alcohol Depend.
2018;185:322–7. https://doi.org/10.1016/j.drugalcdep.2017.12.032.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

