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Objectives. To examine the relationship between benzodiazepine (BZD) use and HCV

seroconversion in 2 linked prospective cohorts of persons who inject drugs (PWID).

Methods.We examined prospective cohorts of 440 PWID (baseline BZD users: n = 102;

23.2%) from the AIDS Care Cohort to Evaluate Access to Survival Services (ACCESS) and

the Vancouver Injection Drug Users Study (VIDUS) cohorts, followed-up from 1996 to

2013 in Vancouver, Canada.

Results. At baseline, the prevalence of HCV was higher among those who used BZD

(80.5% vs 61.5%; P < .001). After adjustment, BZD use remained independently asso-

ciated with increased rates of HCV seroconversion (adjusted rate ratio = 1.67; 95%

confidence interval = 1.05, 2.66).

Conclusions. BZD use is independently associated with HCV seroconversion in

a population of PWID. (Am J Public Health. 2016;106:1067–1072. doi:10.2105/

AJPH.2016.303090)

Originally marketed more than 40 years
ago as a safer alternative to existing

sedatives, benzodiazepines (BZD) are com-
monly used for a broad range of complaints,
including anxiety, agitation, depression,
insomnia, seizure disorders, spasticity, and al-
coholwithdrawal.1As a result,BZDare among
the most frequently prescribed medications in
North America, with 5.2% of adult Americans
reporting taking BZD in recent surveys.2

Despite this widespread use, there remains
a paucity of evidence supporting their effec-
tiveness for many of these indications.3,4

Complicating the debate on BZD efficacy
is an increasing appreciation for the harms
associated with both short- and long-term use,
including drowsiness, ataxia, amnesia, and
cognitive impairment.5,6 Thesewell-described
side effects can lead to downstream conse-
quences, including an increased risk of falls,
fractures, and motor vehicles accidents.7,8 An
additional concern is physical dependency,
which often requires an extended tapering
schedule to safely wean patients.

Although the adverse effects of BZD
use are relatively common, their euphoric

properties have led to widespread issues of
abuse, particularly in subpopulations with
a history of alcohol abuse.9,10 Polysubstance
users are at particularly high risk for BZD
abuse because they frequently use BZDs to
enhance the high of other drugs or to treat the
adverse effects of drug use and the symptoms
of drug withdrawal.11 In these populations,
BZD use has been correlated with more
extensive illicit drug use, higher risk of acci-
dental overdose, more psychiatric comorbid-
ities, poorer health, and increased overall
mortality.12–16 Reduction in BZD use has
been associated with a reduction in harm
in these patients, suggesting that BZDuse itself
may be driving the poorer clinical outcomes.13

HCV is a blood-borne pathogen that is es-
timated to affect 2% to 3% of the world’s
population, or between 130 million and

170 million people.17 The virus is commonly
contracted through use of contaminated sy-
ringes during injection drug use, and approxi-
mately 10million of the 16million personswho
inject drugs (PWID) worldwide are believed to
be HCV antibody positive.18 Although no
vaccines exist to prevent HCV, novel treat-
ments in the form of direct-acting antiviral
agents have recently been developed and have
had excellent results compared with the older
regimensof ribavirin andpegylated interferon.19

This technology has the potential to transform
the landscape of HCV treatment within North
America, but these medications are extremely
expensive and remain out of reach for most
individuals, underscoring the continued im-
portance of HCV prevention efforts.

Several previous studies of PWID have
noted that the abuse of BZD has been linked
to an increase in risky behaviors such as
needle sharing and unprotected sex.20,21 It
has additionally been observed that BZD
use is associated with a higher prevalence
of HCV infection.22–24 Because of this as-
sociation between BZD use and HCV,
we examined the hypothesis that BZD
use leads to an increased rate of HCV sero-
conversion in 2 linked prospective cohorts
ofHCV-negativePWIDin aCanadian setting.

METHODS
We obtained data from 2 ongoing pro-

spective studies: the AIDS Care Cohort to
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Evaluate Access to Survival Services
(ACCESS) and the Vancouver Injection
Drug Users Study (VIDUS).25 Briefly, par-
ticipants of these studies are complementary
cohorts of illicit drug users (composed of,
respectively, HIV-positive and HIV-negative
participants) who have been followed in
Vancouver, Canada, since 1996. The co-
horts are essentially identical in all other
respects, to allow merging of data when

appropriate. Criteria for eligibility include
being at least 18 years of age, living within the
Greater Vancouver Area, and having a history
of illicit drug use. For VIDUS criteria also
include injecting drugs in the month before
enrollment,whereas forACCESS they include
use of illicit drugs other than cannabis in
the month before enrollment.

Recruitment occurs through street out-
reach, word of mouth, and self-referral.

At time of entry and on a semiannual
basis thereafter, participants complete an
interviewer-administered questionnaire
designed to elicit information on de-
mographics, drug use patterns, high-risk be-
haviors, and interactions with the criminal
justice system. Blood samples are taken at
baseline and semiannually to establish HIV
and HCV serostatus and incidence and to
assess disease progression among those living
with HIV. All patients are offered access to
addiction treatment services, and any that test
positive for HIV are immediately referred
to appropriate health services. In return for
their time, participants are compensated with
a $30 stipend per visit.

We used data gathered betweenMay 1996
and November 2013. Participants were eli-
gible for inclusion if they were HCV negative
at baseline, had a history of injection drug
use, and had at least 1 follow-up visit. Our
primary outcome was time to seroconversion
to HCV antibody positive (a measure of
HCV incidence), and our primary explana-
tory variable was BZD use as defined by
any self-reported use within the previous
6 months (illicit or prescription).

In our analysis, we included the following
confounders, which have a known or sus-
pected impact on HCV seroconversion rates:
gender (male vs female), age (as a continuous
variable, reported in 10-year increments),
race/ethnicity (White vs other), homelessness
(yes vs no), sex work involvement (yes vs no),
unsafe sexual activity (yes vs no), at least
daily heroin injection (yes vs no), at least daily
cocaine injection (yes vs no), at least daily
noninjection crackuse (yes vs no), enrollment in
methadonemaintenance therapy (MMT; yes vs
no), and study cohort (as a measure of HIV
status). All behavioral variables refer to activities
taking place within the previous 6 months, and
all variable definitions were identical to those in
earlier ACCESS and VIDUS reports.25

First, we compared the baseline character-
istics of our sample stratified by BZD use. We
used the Pearson c2 test for categorical variables
and theWilcoxon rank–sum test for continuous
variables. We estimated the cumulative proba-
bilities of remaining HCV negative using the
Kaplan–Meier product limit method for base-
line BZD users and non-BZD users and com-
pared them using the 2-sample log–rank test.

Next, we used Poisson regression to ex-
amine bivariable relationships between each

TABLE1—BaselineCharacteristics of PersonsWho InjectDrugs StratifiedbyBenzodiazepine
Use: Vancouver, Canada, 1996–2013

Characteristic

BZD Users,
(n = 102, 23.2%),
IQR or No. (%)

Non-BZD Users
(n = 338, 76.8%),
IQR or No. (%) OR (95% CI)

Median age 24.6 (20.4–36.1) 30.7 (23.7–41.3) . . .

Gender

Male 65 (63.7) 235 (69.5) 0.77 (0.48, 1.23)

Female 37 (36.3) 103 (30.5)

Race/ethnicity

White 65 (63.7) 188 (55.6) 1.40 (0.89, 2.21)

Non-White 37 (36.3) 150 (44.4)

Homelessa

Yes 19 (18.6) 104 (30.8) 0.52 (0.30, 0.90)

No 82 (80.4) 232 (68.6)

Engages in methadone

maintenancea

Yes 8 (7.8) 44 (13.0) 0.56 (0.26, 1.24)

No 94 (92.2) 292 (86.4)

Injects heroin dailya

Yes 46 (45.1) 102 (30.2) 1.88 (1.20, 2.97)

No 56 (54.9) 234 (69.2)

Injects cocaine dailya

Yes 25 (24.5) 54 (16.0) 1.70 (0.99, 2.90)

No 77 (75.5) 282 (83.4)

Uses noninjection crack dailya

Yes 22 (21.6) 92 (27.2) 0.73 (0.43, 1.24)

No 80 (78.4) 245 (72.5)

Engages in unsafe sexa

Yes 58 (56.9) 118 (34.9) 2.45 (1.56, 3.84)

No 44 (43.1) 219 (64.8)

Involved in sex worka

Yes 26 (25.5) 74 (21.9) 1.22 (0.73, 2.03)

No 76 (74.5) 263 (77.8)

Study cohort

ACCESS 3 (2.9) 82 (24.3) 0.09 (0.03, 0.31)

VIDUS 99 (97.1) 256 (75.7)

Note. ACCESS =AIDS Care Cohort to Evaluate Access to Survival Services; BZD=benzodiazepine;
CI = confidence interval; IQR = interquartile range; OR=odds ratio; VIDUS =Vancouver Injection Drug
Users Study. The sample size was n = 440.
aActivities or situations occurring in the past 6 mo.
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of the explanatory variables and time to HCV
seroconversion.26 We defined time zero as
the time of study entry for each eligible in-
dividual.We treated all behavioral variables as
time-dependent covariates. Finally, we used
multivariable Poisson regression to adjust for
possible confounders and establish whether
BZD use was independently associated with
an increased rate of HCV seroconversion.

As in similar studies, we used a confounding
model selection approach.27 We first con-
structed a full model containing all variables
associated with time to HCV seroconversion
from our bivariable analyses (at P< .10). Next,
we removed secondary explanatory variables
stepwise 1 at a time to establish reducedmodels.
Following each step we compared the values of
coefficients forBZDstatus in the fullmodelwith
those in our reduced models, and we removed
secondary explanatory variables corresponding
to the smallest relative change. We repeated
this process until a minimum change from the
full model was greater than 5%, and we re-
ported only these values in the adjusted analysis
in our final table. We performed all statistical
analyses using SAS version 9.3 (SAS Institute,
Cary, NC), and all P values were 2 tailed.

RESULTS
Among all participants in theACCESS and

VIDUS cohorts seen between May 1996

and November 2013, the prevalence of HCV
at the time of enrollment was 66.4%. The
number was significantly higher among pa-
tients who used BZD at baseline than among
thosewho did not (80.5% vs 61.5%; P< .001).
A total of 541 baseline HCV-negative par-
ticipants were recruited; however, follow-up
on HCV status was not available for 101 of
these participants, and we did not include
them in subsequent analyses. The 440 par-
ticipants available for follow-up assessment
of HCV serostatus tended to be older (me-
dian age = 29.4 vs 26.0 years; P= .007) and
were less likely to practice unsafe sex (40.0%
vs 51.5%; odds ratio [OR] = 0.63; 95%
confidence interval [CI] = 0.41, 0.97). We
saw no other significant differences between
the 2 groups, including the prevalence of BZD
use. Among the participants, 282 (64.1%) did
not report BZD use throughout the entire
follow-up period, whereas 158 (35.9%) did
report BZD use on at least 1 occasion.

The median age of participants in-
cluded in our analysis was 29.4 years
(interquartile range [IQR]= 22.4–40.0),
68.2% were male, and 57.5% were White.
Non-Whites predominantly self-identified as
Canadian Aboriginal (20.9%), followed by
Hispanic/Latino (7.0%), other or mixed
(5.9%), Asian (5.2%), and African American
(3.4%). Themedian number of study visits was
5 (IQR=3–11), and the median follow-up
time per participant was 38.7 months

(IQR=12.7–78.3). Additional baseline
demographic data are available in Table 1.

BZD users tended to be younger (median
age= 24.6 vs 30.7 years; P< .001), were less
likely to be homeless (18.6% vs 30.8%;
OR=0.52; 95% CI= 0.30, 0.90), were more
likely to inject heroin at least daily (45.1% vs
30.2%; OR=1.88; 95% CI= 1.20, 2.97), and
weremore likely to practice unsafe sex (56.9%
vs 34.9%; OR=2.45; 95% CI= 1.56, 3.84).
We did not see any significant differences
between groups in gender, race/ethnicity,
MMT enrollment, at least daily injection
cocaine use, at least daily noninjection cocaine
use, involvement in sexwork, or study cohort.

A total of 142 HCV seroconversion events
occurred over the duration of the study, for an
incidence density of 7.6 (95% CI= 6.5, 9.0)
cases per 100 person-years. The median
number of months to seroconversion fol-
lowing enrollment was 11.5 (IQR=3.6–
32.9). As shown in Figure 1, participants who
reported BZD use at baseline were less likely
to remain HCV negative over the course of
the study period. At 5 years after recruitment,
the cumulative probability of remaining
HCV negative was 50.4% among baseline
BZD users and 69.6% among baseline
non-BZD users (log–rank P < .001).

In bivariable analyses (Table 2), factors as-
sociated with increased rate of HCV serocon-
version includedBZDuse (unadjusted rate ratio
[RR]=3.44; 95% CI=2.20, 5.37), homeless-
ness (RR=1.67; 95% CI=1.17, 2.38), at least
daily heroin injection (RR=3.50; 95%
CI=2.51, 4.87), at least daily cocaine injection
(RR=3.97; 95% CI=2.72, 5.80), unsafe sex
(RR=1.61; 95% CI=1.14, 2.28), and sex
work involvement (RR=3.41; 95%CI=2.33,
5.00). In the same unadjusted analysis, factors
associated with a decreased rate of HCV sero-
conversion included age (per 10 years older;
RR=0.62; 95% CI=0.52, 0.74) and male
gender (RR=0.69; 95% CI=0.49, 0.96).

In an adjusted model, BZD use remained
independently associated with an increased rate
of HCV seroconversion (adjusted RR=1.67;
95% CI=1.05, 2.66; Table 2). To assess
whether the effect of BZD use differs between
HIV-seropositive and HIV-seronegative par-
ticipants, we built a multivariable model that
included an interaction term between BZD use
and study cohort indicator. The interaction
term was not statistically significant (P= .387),
indicating that there was no difference in the
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FIGURE 1—Probability of Remaining HCV Negative Among Persons Who Inject Drugs
Stratified by Benzodiazepine Use: Vancouver, Canada, 1996–2013
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effect of BZD use between HIV-seropositive
and HIV-seronegative participants.

DISCUSSION
We found a higher prevalence of HCV

among BZD users at baseline and an

elevated rate of HCV seroconversion as-
sociated with BZD use, even after adjusting
for demographic factors, drug use patterns,
and high-risk behaviors. These data build
on numerous previous cross-sectional
studies linking BZD use with an increased
prevalence of HCV among polysubstance
abusers.

A correlation between BZD and HCV
infection was first reported in a retrospective
cohort of PWID in Amsterdam, where an
association was noted between BZD use and
HCV seropositivity.24 A similar relationship
was later identified in a retrospective cohort of
middle-class polysubstance abusers in the
United States, in which BZD use was again

TABLE 2—Factors Associated With HCV Seroconversion Among Persons Who Inject Drugs: Vancouver, Canada, 1996–2013

Characteristic
HCV Seroconversion,a n = 142, 32.3%,

IQR or No. (%)
HCV Nonseroconversion, n = 298, 67.7%,

IQR or No. (%)
Unadjusted RR

(95% CI)
Adjusted RRb

(95% CI)

Uses BZDc 3.44 (2.20, 5.37) 1.67 (1.05, 2.66)

Yes 67 (47.2) 91 (30.5)

No 75 (52.8) 207 (69.5)

Median age, by 10-y increments 27.0 (21.5–36.8) 30.9 (23.4–41.2) 0.62 (0.52, 0.74) 0.87 (0.73, 1.03)

Gender 0.69 (0.49, 0.96)

Male 87 (61.3) 213 (71.5)

Female 55 (38.7) 85 (28.5)

Race/ethnicity 1.01 (0.73, 1.41)

White 81 (57.0) 172 (57.7)

Non-White 61 (43.0) 126 (42.3)

Homelessc 1.67 (1.17, 2.38)

Yes 73 (51.4) 177 (59.4)

No 69 (48.6) 121 (40.6)

Engages in methadone maintenancec 0.97 (0.67, 1.42)

Yes 43 (30.3) 109 (36.6)

No 99 (69.7) 189 (63.4)

Injects heroin dailyc 3.50 (2.51, 4.87) 1.93 (1.34, 2.79)

Yes 93 (65.5) 152 (51.0)

No 49 (34.5) 146 (49.0)

Injects cocaine dailyc 3.97 (2.72, 5.80) 2.27 (1.52, 3.37)

Yes 64 (45.1) 86 (28.9)

No 78 (54.9) 212 (71.1)

Uses noninjection crack dailyc 1.07 (0.73, 1.57)

Yes 60 (42.3) 153 (51.3)

No 82 (57.7) 145 (48.7)

Engages in unsafe sexc 1.61 (1.14, 2.28)

Yes 96 (67.6) 188 (63.1)

No 46 (32.4) 110 (36.9)

Involved in sex workc 3.41 (2.33, 5.00)

Yes 51 (35.9) 80 (26.8)

No 91 (64.1) 218 (73.2)

Study cohort 0.42 (0.23, 0.78)

ACCESS 131 (92.3) 224 (75.2)

VIDUS 11 (7.7) 74 (24.8)

Note. ACCESS =AIDS Care Cohort to Evaluate Access to Survival Services; BZD=benzodiazepine; CI = confidence interval; IQR= interquartile range; RR = rate
ratio; VIDUS =Vancouver Injection Drug Users Study. The sample size was n = 440.
aNumber of individuals ever reporting each characteristic during follow-up.
bA confounder selection approach was used to select values.
cActivities or situations occurring in the past 6 months.
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linked to increased HCV prevalence.22 In
a population of patients enrolled in MMT in
Israel, BZD use at the time of entry into
treatment was not associated with increased
HCV rates; however, in a multivariable
analysis of patient characteristics 1-year into
treatment, baseline HCV seropositivity was
associatedwith the ongoingmisuse of BZD.23

Because BZD users may be at higher risk for
other comorbidities and are more likely to
engage in high-intensity polysubstance use, it
was not clear according to these studies
whether BZD use was independently asso-
ciated with HCV seroconversion. Our results
help fill this gap and demonstrate for the first
time, to our knowledge, that BZD users have
a significantly higher risk of HCV serocon-
version even after other risk factors are
considered in multivariable analyses.

The negative effects of BZD use in poly-
substance users are pervasive and are likely
underappreciated because measurements of
BZD use are not routinely incorporated into
research that examines patterns of illicit drug
use. Previous studies have focused largely on
patients enrolled in MMT programs and
clearly describe the deleterious effects these
medications have on treatment. In general,
patients enrolled in MMT with a history of
BZD use tend to have lengthier and more
extensive drug use histories, have more psy-
chiatric comorbidities, and engage in more
high-risk behaviors.15,20,21,28,29 Ongoing
BZD use by patients engaged in MMT has
been associated with poorer retention, in-
creased illicit drug use, and worse out-
comes.12,30–33 An increased risk of overdose
has also been described in opiate users on
BZD both in and outside of MMT pro-
grams.14,34–37 More encouraging is the
finding that successful discontinuation of
BZD use in patients enrolled in MMT pre-
dicts improved retention, and equivalent
outcomes have been seen in BZD-abstinent
patients comparedwith thosewhowere BZD
nonusers at baseline.13,38

Examining our results in the context of
what is known about BZD abuse, multiple
potential explanations may contribute to the
increased risk of HCV infection. It has been
noted that BZD use in PWID is correlated
with an increase in risky behaviors that may
increase transmission rates of infections such as
HIV and HCV.20,21 Because BZD are known
to decrease inhibitions and impair judgment

and can result in long-term cognitive im-
pairment, these effects may directly contribute
to higher risk injecting habits andmay increase
the likelihood of HCV transmission.5,6

BZD use has also been associated with
more aggressive and problematic drug use;
thus, although we attempted to control for
drug use patterns, it is possible that this sub-
population may still have an increased overall
frequency of injections.12 Finally, patients
with severe mental illnesses are at increased
risk for contracting HCV.39 Because this
population is also more likely to abuse BZD,
teasing out whether the increased suscepti-
bility is secondary to BZD use versus mental
illness remains a challenge.15,20,21,28,29 Nev-
ertheless, because of the limited proven use
for BZD and the existence of safer alternatives
for common clinical ailments in which BZD
may be considered, physician education to
promote greater recognition of the safety
concerns related to BZD use in this pop-
ulation is needed.

In addition to demonstrating a relationship
between BZD use and HCV infection, our
results highlight the high overall prevalence of
BZDuse inCanada. At baseline, 35.9% of our
participants reported BZD use, a rate that is
in keeping with similar cohorts and that
reflects the high prevalence of BZD use in
Canada.28,32,37,40,41 The 2012 Canadian Al-
cohol and Drug Use Monitoring Survey re-
ported that, although opioids remained the
most frequent prescription drug of abuse,
1.5% of the Canadian population (approxi-
mately 410 000 citizens) had used a nonopioid
psychoactive pharmaceutical within the past
year for purposes other than prescribed.42

BZD are likely the majority of these psy-
choactive compounds, particularly consider-
ing that Canadian consumption rates of BZD
as anxiolytics were among the highest in the
world in 2012.43 Such a high volume of
prescribing creates a huge potential for drug
diversion, and it is believed that the majority
of illicit BZD use originates from physician
prescriptions. We could not distinguish be-
tween prescribed versus illicitly obtained
BZD because these data were not collected.
Future studies should examine these issues
further. Overall, our results underscore the
importance of limiting the unnecessary pre-
scription of these addictive medications.

Our results highlight the immense burden
of HCV in a population of PWID. Among all

our cohort members, the prevalence of HCV
at baseline was 66.4%, consistent with other
estimates from this region.44 An incidence
density of 7.6 cases per 100 person-years is in
keeping with similarly described cohorts of
PWID around the world.45,46 Our results
suggest that developing strategies to address
BZD abuse may provide a new opportunity
to reduce the transmission of this virus and its
associated morbidity and mortality.

Limitations
This study has several limitations. First, as

our participants were not randomly recruited,
there remain questions regarding the gener-
alizability of our results, although we believe
that this is a representative population of local
PWID. Second, some participants were not
available for any follow-up visits after initial
enrollment, although we did not see any
differences in BZD use in this population
versus those included in the study.

Third, our analysis included data on be-
haviors such as drug use patterns and high-risk
activities that may be of a sensitive nature.
Because this information was obtained
through self-reporting, there is a possibility
that response bias may have affected our
survey results, although self-reports of drug
users have previously been shown to be
valid.47 Fourth, our study would have
benefited from detailed measures of mental
health comorbidities. Unfortunately, these
data were not collected, and we could not
adjust for them. Lastly, as this is an observa-
tional study, there remains the possibility that
this association is not a causal one, although
randomized studies focused on these issues
would not be ethical, and our results are in
keeping with the literature on this subject.

Conclusions
We found a high rate of BZD use in

a population of PWID and an independent
association between BZD use and an in-
creased rate of HCV infection. These data
illustrate yet another negative consequence of
BZD use and add to a growing body of lit-
erature describing the detrimental effects of
these medications for PWID. Our results
highlight the need to increase awareness
regarding the limited evidence-based in-
dications for BZD prescription and draw
attention to the importance of identifying
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and treating BZD abuse in patients with
polysubstance use disorders.
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