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Abstract

Background—People who use illicit drugs (PWUD) are known to experience high rates of
suicidal behavior. While heavy alcohol use has been associated with suicide risk, its impact on the
suicidal behavior of PWUD has not been well characterized. Therefore, we examined the
relationship between heavy alcohol use and suicidal behavior among PWUD in Vancouver,
Canada.

Methods—Data are derived from two prospective cohort studies of PWUD in Vancouver,
Canada, from 2005 to 2013. Participants completed questionnaires that elicited information
regarding sociodemographics, drug use patterns, and mental health problems, including suicidal
behavior. We used recurrent event survival analyses to estimate the independent association
between at-risk/heavy drinking (based on National Institute of Alcohol Abuse and Alcoholism
[NIAAA] criteria) and risk of incident, self-reported suicide attempts.

© 2015 Published by Elsevier Ltd.

Send correspondence to: Thomas Kerr, Director, Urban Health Research Initiative, B.C. Centre for Excellence in HIV/AIDS,
University of British Columbia, St. Paul's Hospital, 608-1081 Burrard Street, VVancouver, B.C., V6Z 1Y6, Canada, Tel: (604)
806-9116, Fax: (604) 806-9044, uhri-tk@cfenet.ubc.ca.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Contributors:

The specific contributions of each author are as follows: MCK, TK, EW, and BM were responsible for study design; PN conducted the
statistical analyses; MCK prepared the first draft of the manuscript; all authors revised the manuscript and approved the final version
to be submitted.

Conflict of Interest:
The authors declare that they have no conflicts of interests.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kennedy et al.

Page 2

Results—Of 1,757 participants, 162 participants (9.2%) reported 227 suicide attempts over the
8-year study period, resulting in an incidence rate of 2.5 cases per 100 person-years. After
adjusting for potential confounders, including intensive illicit drug use patterns, heavy alcohol use
(adjusted hazard ratio [AHR] = 1.97; 95% confidence interval [CI] = 1.39, 2.78) was positively
associated with an increased risk of suicidal behavior.

Conclusions—We observed a high burden of suicidal behavior among a community-recruited
sample of PWUD. Heavy alcohol use predicted a higher risk of suicide attempt, independent of
other drug use patterns. These findings demonstrate the need for evidence-based interventions to
address suicide risk among PWUD, particularly those who are heavy consumers of alcohol.
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1. INTRODUCTION

People who use illicit drugs (PWUD) are known to commonly experience mental health
problems, including suicidal ideation and behavior (Darke et al., 2010, Maloney et al., 2007,
Marshall et al., 2013, Rossow and Lauritzen, 1999), with suicide being a leading cause of
premature death among this population (Darke and Ross, 2002; Bohnert et al., 2010). A
growing body of research has identified various correlates of suicidal behavior among
PWUD, including substance use-related factors such as heavy illicit drug use patterns
(Marshall et al., 2011), longer durations of drug use (llgen et al., 2007a; Landheim et al.,
2006), and use of injection methamphetamine (Marshall et al., 2011) and injection cocaine
(Darke and Kaye, 2004). However, few of these studies have considered heavy alcohol use
as a potential explanatory variable. Although heavy alcohol use is a well-documented
independent risk factor for fatal and non-fatal suicidal behavior among general populations
(Borges et al., 2000, Borges and Loera, 2010, Kessler et al., 1999, Vijayakumar et al., 2011,
Wilcox et al., 2004), it is not known if heavy alcohol use confers an independent risk of
suicidal behavior among PWUD, in particular persons who report consistently intensive
illicit drug use patterns. However, alcohol use has been associated with other adverse
outcomes among PWUD, including non-fatal overdose (Dietze et al., 2005), HIV acquisition
(Howe et al., 2011), poorer life satisfaction (Dietze et al., 2013), and violent victimization
and perpetration (Dietze et al., 2013; Marshall et al., 2008). The present study was therefore
conducted to determine if an independent association exists between heavy alcohol use
patterns and repeated suicide attempts, measured prospectively in a community-recruited
cohort of PWUD in Vancouver, Canada.

2. METHODS
2.1 Study Sample

The Vancouver Injection Drug Users Study (VIDUS) and the AIDS Care Cohort to evaluate
Exposure to Survival Services (ACCESS) are two concurrent community-recruited
prospective cohort studies of PWUD operating in Vancouver, Canada. Participants have
been recruited through self-referral, snowball sampling, and street outreach since May,
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1996. These cohorts have been described in detail previously (Strathdee et al., 1997; Tyndall
et al., 2003). In brief, persons were eligible to enter the VIDUS study if they had injected
illicit drugs at least once in the previous month at enrollment. Persons were eligible to enter
the ACCESS study if they were HIV-infected and used illicit drugs other than or in addition
to cannabinoids in the previous month. Individuals who seroconvert following recruitment
are transferred from the VIDUS study into the ACCESS study. All eligible participants
provided written informed consent. The study was approved by the University of British
Columbia/Providence Health Care Research Ethics Board.

At baseline and semi-annually, all study participants in both cohorts complete a harmonized
interviewer-administered questionnaire that elicits information on sociodemographics, drug
use and other behavioral patterns, including suicidal behavior. In addition, participants also
provide blood samples for HIV and hepatitis C testing, and HIV disease monitoring. At the
conclusion of each visit, study participants receive a $20 CDN honorarium. Detailed
measures of alcohol use were added to the study instrument in December, 2005; therefore,
we restricted our analyses to the 1757 individuals who were enrolled and completed at least
1 follow-up visit between December, 2005 and November, 2013.

2.2 Measures

The primary outcome for this analysis was response to the question, “Have you actually
attempted suicide in the last 6 months?” Participants who responded affirmatively were
counseled by on-site nurses and referred to additional services, if appropriate. The primary
exposure of interest was at-risk/heavy alcohol use, which was defined according to the
National Institute on Alcohol Abuse and Alcoholism (NIAAA) criteria for “heavy” or “at-
risk” drinking: average of >3 alcoholic drinks per occasion or >7 drinks per week in the past
six months for women, and an average of >4 alcoholic drinks per occasion or >14 drinks in
total per week in the past six months for men (NIAAA, 2010). This measure is widely used
in research in North America and was therefore employed in order to be consistent with the
existing literature in this area.

To examine the extent to which heavy alcohol use contributes to suicidal behavior beyond
other established risk factors, we assessed as potential confounders variables that are known
to increase the risk of attempting suicide: age (per year older), sex (male vs. female), sexual
orientation (heterosexual vs. lesbian, gay, bisexual, or transgender [LGBT]), Aboriginal
ancestry (self-identified Aboriginal, First Nations, Inuit, or Métis ancestry vs. other), HIV
status, determined by serological testing (positive vs. negative); and years injecting (per year
increase since first time injecting). Other potential confounders examined included
homelessness, incarceration, enroliment in drug/alcohol treatment, physical or sexual
victimization, and sex work (all yes vs. no). Finally, we assessed as covariates high intensity
use of non-injection crack, injectable heroin, injectable cocaine, and injectable crystal
methamphetamine (all =daily vs. <daily). Unless otherwise indicated, all variables refer to
behaviors occurring in the 6-month period preceding the date of the interview.
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First, we calculated the incidence density of suicide attempts using person-time methods.
Second, we used the Pearson’s Chi-squared test for categorical variables and the Mann-
Whitney test for continuous variables to compare baseline characteristics of those who
reported attempting suicide during follow-up with those who did not.

Third, we used Kaplan-Meier methods (Kaplan and Meier, 1958) to determine the
cumulative incidence of attempting suicide during follow-up among study participants,
stratifying the sample by those who did and did not report heavy alcohol use at baseline. In
this time to first event analyses, we right-censored all participants who reported suicidal
behavior as of the date of their first suicide attempt reported during follow-up. Since the
study questionnaire assesses suicidal behavior in the 6 months prior to the interview date
and the precise date of suicide attempt is not known, we estimated the date of each
attempted suicide event as the mid-point of the previous 6 months. We right-censored
persons who never reported a suicide attempt during the follow-up period as of the date of
their last visit. We used the log-rank test to compare the survival distributions of the 2
alcohol use categories (at-risk/heavy use vs. no at-risk/heavy use).

Because some participants reported more than 1 suicide attempt during the study period, we
constructed a recurrent event survival model to examine the relationship between at-risk/
heavy alcohol use and the (repeated) outcome of interest. This model incorporated
information on all suicide attempts recorded over the entire study period, and therefore
improved precision of the effect estimate of interest. We used a proportional rates-means
model described by Lin et al. (2000) to account for correlation among the length of
individuals’ repeated time at risk for a suicide attempt. In this model, we specified a
counting process framework to define time to repeated events, such that individuals were
considered to be at risk from time zero to the first event, from the first event to the second
event, and so forth. As in the case of the Cox proportional hazards regression, the model
assumed proportional means (Lin et al., 2000). We assessed this assumption for each
variable of interest by visual inspection of the Schoenfeld residuals plots (Grambsch and
Therneau, 1994) and by examining time-by-covariate interactions (Hess, 1994).

We first computed hazard ratios representing the bivariable associations between at-risk/
heavy drinking and potential confounders with repeated suicide attempts. We then applied
an a priori defined approach that examined the independent effect of at-risk/heavy alcohol
use by fitting a multivariable model that included all variables significantly associated with
repeated suicide attempts at the p<0.05 level in bivariable analyses. Aboriginal ancestry was
forced into the multivariable model to account for the well-established effect of this variable
on the outcome of interest (Malchy et al., 1997; Cutliffe, 2005). Because of our interest in
understanding the relationship between at-risk/heavy alcohol use and repeated suicide
attempts independent of intensive illicit drug use patterns, daily injection crystal
methamphetamine use and daily non-injection crack use were also forced into the model.

As a sub-analysis, we sought to determine whether a multivariable model fit using a
backward elimination procedure significantly altered the results of the model fit using the a
priori defined statistical protocol. To do so, we included all variables in a backwards
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selection procedure based on the Akaike information criterion (AIC) and Type IlI p-values
(Lima et al., 2008). Each variable with the highest p-value was removed sequentially, with
the final model including the set of variables associated with the lowest AIC.

Finally, while the primary aim of the present study was to determine if at-risk/heavy alcohol
use confers a risk of suicidal behavior independent of intensive illicit drug use patterns, we
recognized that depression could confound this association (Conner and Duberstein, 2004).
Therefore, we conducted a sensitivity analysis to determine whether including depression in
our primary multivariable model would significantly alter the results. Depression was
measured using the Center for Epidemiologic Studies Depression (CES-D) scale (Radloff,
1977), with a cutoff score of =22 indicating depression. We conducted all statistical analyses
with the SAS version 9.3 (SAS Institute Inc., Cary, NC), and all p-values are 2-sided.

3. RESULTS

The present study included the baseline and follow-up observations of 1757 PWUD,
enrolled between December, 2005 and November, 2013. Participants were followed for a
median follow-up time of 71.0 months (interquartile range [IQR] = 39.9-86.5), with similar
follow-up times found for those who did and did not report heavy alcohol use at baseline (p=
0.63). The median age at baseline was 42 years (IQR= 35-48), 1163 (66.2%) were male, and
592 (33.7%) were of Aboriginal ancestry. During the 8 years of follow-up, 118 (6.7%)
participants reported 1 suicide attempt, 29 (1.7%) reported 2 suicide attempts, 10 (0.6%)
reported 3 suicide attempts, 4 (0.2%) reported 4 suicide attempts, and 1 (0.1%) reported 5
suicide attempts, for a total of 227 events occurring among 162 participants. The resulting
incidence density rate was 2.5 cases per 100 person-years (95% confidence interval [CI] =
2.1, 3.0). As shown in Table 1a, at baseline, persons who reported attempting suicide during
follow-up were more likely than those who did not to: be younger (median age = 40 vs. 42);
be female (43.2% vs. 32.9%); self-identify as LGBT (20.4% vs. 12.8%); report physical or
sexual victimization (29.0% vs. 21.3%); be involved in sex work (21.6% vs. 13.5%); and
report at-risk/heavy alcohol use (27.8% vs. 16.5%) (all p<0.05).

As shown in Figure 1, 48 months after recruitment into the study the Kaplan-Meier
cumulative incidence of the first self-reported attempted suicide was 14.6% among those
who reported at-risk/heavy alcohol use, compared to 7.5% among those who did not report
at-risk/heavy alcohol use (log-rank p<0.001).

Table 1b depicts the crude and adjusted hazard ratios of the recurrent events survival models
between heavy alcohol use and other covariates with repeated suicide attempts. Visual
inspection of the Schoenfeld residuals plots and examination of time-by-covariate
interactions confirmed that each covariate met the proportional means assumption. In the
multivariable model, after adjusting for various potential confounders, at-risk/heavy alcohol
use (adjusted hazard ratio [AHR] = 1.97; 95% CI = 1.39, 2.78), daily injection cocaine use
(AHR = 2.06; 95% CI = 1.38, 3.08), and physical or sexual victimization (AHR = 1.75; 95%
Cl = 1.27, 2.40) were significantly and positively associated with an increased risk of
suicidal behavior during the study period. The crude and adjusted hazard ratios for at-risk/
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heavy alcohol use were similar, indicating little confounding by any of the covariates
examined.

The multivariable model fit using a backward elimination procedure produced similar
results: at-risk/heavy alcohol use, daily injection cocaine use, and physical or sexual
victimization were all significantly and positively associated with risk of suicidal behavior
over the study period, while male sex was significantly and negatively associated with the
outcome (all p< 0.05; data not shown).

Likewise, including depression as a covariate did not substantially alter the results of our
primary multivariable model: at-risk/heavy alcohol use, daily injection cocaine use, physical
or sexual victimization, and depression were all significantly and positively associated with
an increased risk of suicidal behavior (all p< 0.05; data not shown). We should note that
approximately 14% (n=244) of participants had incomplete data for the depression variable
and were excluded from this analysis. Compared to those with incomplete data, those
included in this analysis were more likely to be male and older (both p< 0.05) but were
similar with respect to heavy alcohol use and suicidal behavior (both p> 0.05).

4. DISCUSSION

In this prospective cohort study of more than 1700 PWUD in Vancouver, Canada, we
observed a high rate of attempted suicide. In the Kaplan-Meier analyses, compared to those
who did not report at-risk/heavy alcohol use, heavy alcohol users were almost twice as likely
to report attempting suicide within 4 years of enrolling in the study. There was an increasing
disparity over time in the cumulative incidence of first self-reported attempted suicide
between these two groups, which may be because high-risk participants were more likely to
attempt suicide earlier in the follow-up period.

In the adjusted recurrent event analyses, at-risk/heavy alcohol use, daily injection cocaine
use, and victimization were associated with an increased hazard of suicide attempt. These
findings are consistent with previous studies identifying intensive injection cocaine use
(Darke and Kaye, 2004), and violent victimization (Darke et al., 2010; Lloyd et al., 2007) as
risk factors for suicidal behavior among PWUD. Our findings are also in agreement with a
large body of research documenting an association between heavy alcohol use and suicidal
behavior among general populations (Borges et al., 2000, Borges and Loera, 2010, Kessler
etal., 1999, Vijayakumar et al., 2011, Wilcox et al., 2004) and other, albeit few, studies
identifying associations between alcohol use and adverse health and social outcomes among
PWUD (Dietze et al., 2005, 2013, Howe et al., 2011, Marshall et al., 2008). However, to our
knowledge, ours is the first study to prospectively identify a relationship between heavy
drinking patterns and suicidal behavior among a community-recruited cohort of PWUD,
after extensive adjustment for intensive illicit drug use patterns.

These findings suggest that interventions to reduce heavy alcohol consumption among
PWUD may contribute to reductions in suicidal behavior. This assertion is supported by
recent observational research, which suggests that addiction treatment may reduce suicidal
behavior among people with substance use disorders (Ilgen et al., 2007a, 2007b). Further,
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programs that serve PWUD should screen for alcohol use and offer suicide prevention and
other mental health interventions to PWUD who are also heavy alcohol users.

A number of limitations common to observational cohort studies apply to the current
analysis. The VIDUS and ACCESS cohorts are community-recruited, non-randomized
samples of people who inject drugs and HIV-infected PWUD other than or in addition to
cannabinoids, respectively. Therefore, our findings may not be generalizable to drug-using
populations in local or other settings. Additionally, this study relied on self-reported
information. While all questions regarding suicidal behavior were asked by trained nurses
who have extensive experience working with the study population, suicide attempts may
have been underreported due to social desirability bias. Finally, the relationship between
heavy alcohol use and suicidal behavior may be influenced by variables, including
symptoms and treatment of psychiatric conditions and other potential confounders, not
examined as part of the VIDUS or ACCESS studies.

In conclusion, this study reports a previously unidentified association between heavy
drinking patterns and repeated suicide attempts among PWUD. This association merits
further investigation. In particular, future studies should examine the association between
trajectories of alcohol use and suicidal behavior among PWUD in order to elucidate the
effect of heterogeneities in patterns of use over time. Additionally, future research should
consider mental health treatment and past suicidal behavior as covariates given that mental
health treatment may reduce the risk of suicidal behavior (Mann et al., 2005) and that past
suicidal behavior is one of the most robust risk factors for future suicidal behavior (Borges
et al., 2006). Nonetheless, the findings of the present study suggest that interventions to
reduce heavy alcohol use among PWUD may mitigate suicidal behavior among this
marginalized population, and should therefore be an integral part of suicide prevention
efforts.
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Figure 1.

Cumulative incidence of first self-reported suicide attempt, stratified by severity of alcohol

use among illicit drug users in Vancouver, Canada (2005-2013).
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a. Sociodemographic, behavioral and clinical baseline characteristics of illicit drug users who did and did not attempt suicidef in

Vancouver, Canada (2005-2013)

Attempted Suicidef

Characteristic z;]oiall%/% Yes (%) No (%) p -value
(n=162) (n =1595)
Age
Median [IQR] 42 [35-48] 40 [33-46] 42 [36-48] 0.007
Sex
Male 1163 (66.2) 92 (56.8) 1071 (67.1) 0.008
Female 594 (33.8) 70 (43.2) 524 (32.9)
Sexual orientation
Heterosexual 1497 (85.2) 127 (78.4) 1370 (85.9) 0.007
LGBT 237 (13.5) 33 (20.4) 204 (12.8)
Aboriginal ancestry
Yes 592 (33.7) 64 (39.5) 528 (33.1) 0.100
No 1165 (66.3) 98 (60.5) 1067 (66.9)
Years injecting
Median [IQR] 19 [11-28] 18 [12-26] 19 [11-28] 0.839
HIV Positive
Yes 715 (40.7) 64 (39.5) 651 (40.8) 0.747
No 1042 (59.3) 98 (60.5) 944 (59.2)
Homeless™
Yes 585 (33.3) 59 (36.4) 526 (33.0) 0.327
No 1167 (66.4) 101 (62.3) 1066 (66.8)
Heavy alcohol use™
Yes 308 (17.5) 45 (27.8) 263 (16.5) <0.001
No 1449 (82.5) 117 (72.2) 1332 (83.5)
Non-injection crack use”
>Daily 682 (38.8) 64 (39.5) 618 (38.7) 0.850
<Daily 1075 (61.2) 98 (60.5) 977 (61.3)
Injection heroin use™
>Daily 430 (24.5) 46 (28.4) 384 (24.1) 0.214
<Daily 1321 (75.2) 115 (71.0) 1206 (75.6)
Injection cocaine use™
=Daily 166 (9.4) 14 (8.6) 152 (9.5) 0.739
<Daily 1584 (90.2) 146 (90.1) 1438 (90.2)
Injection crystal methamphetamine use™
>Daily 59 (3.4) 8 (4.9) 51 (3.2) 0.239
<Daily 1690 (96.2) 153 (94.4) 1537 (96.4)

Experience violence™
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a. Sociodemographic, behavioral and clinical baseline characteristics of illicit drug users who did and did not attempt suicidef in

Vancouver, Canada (2005-2013)

Attempted Suicidef

Characteristic El;loiallg/% Yes (%) No (%) p -value
(n=162) (n =1595)

Yes 387 (22.0) 47 (29.0) 340 (21.3) 0.027
No 1339 (76.2) 113 (69.8) 1226 (76.9)

Drug or alcohol treatment”
Yes 871 (49.6) 85 (52.5) 786 (49.3) 0.433
No 865 (49.2) 75 (46.3) 790 (49.5)

Sex work involvement™
Yes 250 (14.2) 35 (21.6) 215 (13.5) 0.006
No 1483 (84.4) 126 (77.8) 1357 (85.1)

Incarceration”
Yes 294 (16.7) 26 (16.0) 268 (16.8) 0.816
No 1445 (82.2) 134 (82.7) 1311 (82.2)

b. Unadjusted and adjusted hazard ratios for attempting suicide amongillicit drug users in Vancouver, Canada (2005-2013)

Unadjusted Adjusted
Characteristic Hazard Ratio p - value Hazard Ratio p-value
(95% CI) (95% CI)

Age

(per year older) 0.98 (0.96 — 0.99) 0.004 0.99 (0.97 - 1.00) 0.133
Sex

(male vs. female) 0.58 (0.41-0.82) 0.002 0.68 (0.46 — 1.01) 0.054
Sexual orientation

(heterosexual vs. LGBT) 0.58 (0.38 — 0.88) 0.010 0.71 (0.46 — 1.10) 0.127
Aboriginal ancestry

(yes vs. no) 1.38 (0.97 - 1.96) 0.072 1.13 (0.77 - 1.66) 0.531
Length of time injecting

(per year increase) 1.00 (0.98 - 1.01) 0.873
HIV positive

(yes vs. no) 1.10 (0.79 - 1.55) 0.568
Homeless™

(yes vs. no) 1.38 (1.00 - 1.91) 0.050
Heavy alcohol use™

(yes vs. no) 2.13(1.53-2.97) <0.001 1.97 (1.39 - 2.78) <0.001
Daily non-injection crack use™

(yes vs. no) 1.18 (0.86 — 1.61) 0.317 0.90 (0.65 — 1.24) 0.509
Daily injection heroin use™

(yes vs. no) 1.47 (1.06 - 2.02) 0.019 1.25 (0.90 — 1.75) 0.189
Daily injection cocaine use”

(yes vs. no) 2.13 (1.43-3.18) <0.001 2.06 (1.38 - 3.08) <0.001
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b. Unadjusted and adjusted hazard ratios for attempting suicide among illicit drug users in Vancouver, Canada (2005-2013)

Unadjusted Adjusted
Characteristic Hazard Ratio p - value Hazard Ratio p-value
(95% CI) (95% CI)

Daily injection crystal methamphetamine use”

(yes vs. no) 1.71 (0.74 - 3.94) 0.207 1.48 (0.63 - 3.47) 0.367
Experience violence™

(yes vs. no) 1.87 (1.38 - 2.54) <0.001 1.75 (1.27 - 2.40) 0.001
Drug or alcohol treatment”™

(yes vs. no) 1.09 (0.80 — 1.50) 0.583
Sex work involvement™

(yes vs. no) 1.68 (1.11 - 2.52) 0.014 1.03 (0.64 — 1.64) 0.907
Incarceration™

(yes vs. no) 117 (0.75-1.81) 0.494

Note: IQR = interquartile range; LGBT = lesbian, gay, bisexual, or transgender. Column percentages may not necessarily sum to 100% due to
missing data or rounding error.

Eo .. . .

Suicide attempt at some point during follow-up
*

Refers to activities in the past 6 months

TAverage of >3 alcoholic drinks on at least 1 day/week or >7 drinks in total/week (women), or >4 alcoholic drinks on at least 1 day/week or >14
drinks in total/week (men)

Note: CI = confidence interval.
*
Refers to activities in the past 6 months

TAverage of >3 alcoholic drinks on at least 1 day/week or >7 drinks in total/week (women), or >4 alcoholic drinks on at least 1 day/week or >14
drinks in total/week (men)

Adjusted for age, sex, sexual orientation, Aboriginal ancestry, heavy alcohol use, daily noninjection crack use, daily heroin use, daily injection
cocaine use, daily injection crystal methamphetamine use, physical or sexual victimization, and sex work involvement.
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