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ABSTRACT

Background: Opioid use disorder is a major health concern in North America. Currently, buprenorphine is one of
the most common pharmacological interventions used to treat opioid use disorder. Despite increasing prevalence
of opioid use disorder among females, little is known about sex considerations in relation to treatment with
buprenorphine.

Methods: CINAHL, PsycINFO, EMBASE, PubMed/MEDLINE and Cochrane Central were searched for randomized
controlled trials examining buprenorphine maintenance versus other medication-assisted treatment, placebo, or
withdrawal management to determine if there were any sex differences in treatment outcomes reported.
Results: This review included 25 studies and found that only 52% included information related to sex differences
in treatment outcomes or discussed any sex considerations in their studies. Of the 6,466 patients represented by
these studies, only 26% were female. Of the studies conducting sex-specific analyses, seven studies examined
treatment retention, five examined opioid use, two examined other substance use and one examined sexual risk
behaviours. However, due to mixed findings, small sample sizes, and inability to conduct meta-analyses, no
conclusive statements can be made about sex differences in these outcomes. None of the studies described sex
differences in quality of life, legal involvement or mental and physical health.

Conclusions: Low numbers of females have been included in randomized controlled trials examining bupre-
norphine compared to males. While sex differences in treatment outcomes were identified in this review, further
research is needed in order to add to these findings. Future studies should include greater numbers of female
participants and conduct sex-specific analyses.

1. Introduction

effective treatment to people who are suffering from opioid use disorder
to prevent further loss of life. One effective treatment for opioid use

North America is currently experiencing an opioid crisis that is
devastating individuals, families and communities. In 2016, rates of
overdose deaths involving opioids were 13.3 and 8.2 per 100,000 po-
pulation in the United States and Canada, respectively (Seth et al.,
2018; Government of Canada, 2018), representing more than 45,000
lives lost due to opioids in a single year. Further, Canadian data show
that the number of apparent opioid-related deaths increased by 34%
from 2016 to 2017 (Government of Canada, 2018), indicating a wor-
sening crisis in spite of significant efforts to address it (Canadian Centre
on Substance Use and Addiction, 2017a). Considering these recent and
substantial increases in opioid-related harms, it is essential to offer
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disorder is buprenorphine, an opioid agonist medication. Buprenor-
phine is frequently used in combination with naloxone in sublingual or
oral-mucosal formulations, with buprenorphine as the active ingredient
and naloxone included only as a deterrent to injection use (Morgan
et al., 2018). Though buprenorphine is widely accepted and promoted
as a first-line treatment for opioid use disorder (American Society of
Addiction Medicine, 2015; Bruneau et al., 2018; Health Quality
Ontario, 2018), there is limited literature on sex or gender considera-
tions in relation to the use of buprenorphine and associated psychoso-
cial interventions to optimize outcomes with this medication (British
Columbia Centre on Substance Use, 2017). This is relevant because sex
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and gender are understood to influence needs, outcomes and experi-
ences of health care (Morgan et al., 2016; Tannenbaum et al., 2017). A
number of important differences have been observed between males
and females who have substance use disorders. There is evidence that
males and females have a number of biological differences related to
hormones and metabolism which influence the short and long term
effects of substances (McHugh et al., 2017). Preclinical studies have
shown sex differences in response to opioids (Fillingim and Gear, 2004),
including buprenorphine (Schwienteck et al., 2018). Further, females
may have an increased response to opioid analgesia compared to males
(Fillingim and Gear, 2004). Females often face more barriers to treat-
ment and treatment success than males, including stigma, violence, and
lack of social support (Becker et al., 2017). Females who are pregnant
or parenting may also avoid or withdraw from opioid agonist treatment
due to fear of stigma or prosecution (McHugh et al., 2017; Open Society
Foundations, 2018; Stone, 2015), and pregnant females who do remain
on opioid agonist treatment report feeling stigmatized when their ba-
bies experience neonatal abstinence syndrome after birth (Cleveland
and Bonugli, 2014). In addition, there are a number of well-established
sex differences among people seeking treatment for substance use dis-
orders, including greater prevalence of anxiety and depression among
females and a greater likelihood for females to use substances to cope
with negative affect, which has been observed in females with opioid
use disorder specifically (Back et al., 2011; McHugh et al., 2013) and
more broadly across substances (McHugh et al., 2017). Further, in their
recent review of sex and gender differences in substance use disorders,
McHugh et al. (2017) found that females were more likely than males to
have experienced a traumatic event prior to substance initiation, and
present with greater impairment in the areas of employment, social
functioning and physical and psychiatric health. These findings were
also reported by Back et al. (2011), who examined the profiles of males
and females with opioid use disorder and found that females had
greater impairment in a number of Addiction Severity Index (ASI) do-
mains, including employment, family/social, medical, psychiatric and
drug use. The differences between males and females at treatment in-
itiation raise the question of whether they persist during and after
treatment for opioid use disorder, a question which is starting to be
addressed in the substance use literature (Fernandez-Montalvo et al.,
2017). A recent systematic review by Bawor et al. (2015) revealed that
there are key sex differences in treatment outcomes among males and
females receiving methadone maintenance, including more ampheta-
mine use and lower employment rates among females, and more
criminal involvement and alcohol use among males. To date, a similar
review examining sex differences in treatment outcomes among people
being treated with buprenorphine has not been conducted. Considering
recent guidelines recommending buprenorphine as a first-line treat-
ment for opioid use disorder (Bruneau et al., 2018; Health Quality
Ontario, 2018), it is anticipated that prescriptions will increase over
time. It would be helpful for clinicians to understand if and how males
and females differ in response to buprenorphine treatment and how
their treatment outcomes can be enhanced with interventions tailored
to their needs. The current review is particularly important, considering
recent concern that efforts to address the opioid crisis have overlooked
gender issues (Mazure and Fiellin, 2018). The aim of this systematic
review was to examine sex differences in treatment outcomes among
males and females receiving buprenorphine maintenance for opioid use
disorder, compared to other medication-assisted treatment, placebo or
withdrawal management. These comparisons were made in order to
assess whether any sex differences identified were related to bupre-
norphine specifically or if they applied to other medication-assisted
treatments for opioid use disorder.

2. Methods

This review was conducted and reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis

169

Drug and Alcohol Dependence 197 (2019) 168-182

(PRISMA) guidelines (Moher et al., 2009). The protocol for this review
was  registered  with PROSPERO  (registration = number
CRD42018098777). Several treatment outcomes were included in this
review, reflecting the range of outcomes where sex differences have
previously been described and the variety of outcomes examined in
studies of opioid use disorder treatments. Included outcomes were
treatment retention, opioid use (either self-reported or per urine screen
results), other drug use, sexual risk behaviours, quality of life, legal
involvement, mental health, and physical health.

2.1. Search strategy

Search strategies were developed by the primary author and were
reviewed by a research librarian from the Gerstein Library at the
University of Toronto and were conducted on February 24, 2018 in the
following databases: CINAHL, PsycINFO, EMBASE, PubMed/MEDLINE
and Cochrane Central. As there was no date range specified in the
search strategies, search results included all articles indexed since 1937
(CINAHL), 1806 (PsycINFO), 1947 (EMBASE) and 1946 (PubMed/
MEDLINE). Cochrane Central does not have an inception date as it
draws from other databases. Search strategies included database subject
headings and keywords and were limited to randomized controlled
trials (RCT) using RCT search filters endorsed by the Cochrane
Collaboration (Higgins and Green, 2011). Search terms were grouped
by concept using Boolean operator (OR) and concepts were combined
using (AND). Concepts were opioid use disorder, buprenorphine/opioid
maintenance treatment, and randomized controlled trials. See Ap-
pendix A for detailed search strategies and terms for each database.

The reference lists of included articles were manually screened for
publications not identified in the database searches. Grey literature was
not searched. EndNote software (EndNote, n.d.) was used to manage
citations, and duplicate citations were removed using the Bramer
Method, which involves stepwise manipulation of Endnote settings to
isolate duplicate citations (Bramer et al., 2016).

2.2. Study selection

Following the removal of duplicates, the remaining citations were
imported into a systematic review software called Covidence
(Covidence, n.d.), which was used to conduct the screening, extraction
and quality assessment components of the review. Title/abstract re-
views and full-text screening were conducted independently by two
graduate-prepared clinicians (SL and RM), and discrepancies were re-
solved by consensus between SL and RM. There were no disagreements
requiring resolution by a third party.

Inclusion criteria were as follows:

Randomized controlled trials

Studies with a buprenorphine maintenance intervention lasting at
least 4 weeks

Studies including male and female participants

Participants with opioid use disorder

Adult participants (18 years of age or older)

Studies were also limited to those written in English. Citations in
languages other than English were manually excluded rather than using
database filters in order to allow the reviewers to assess the volume of
research on this subject being published in other languages. Reviews,
editorials, commentaries and conference abstracts were excluded.

2.3. Data extraction and quality assessment

Data extraction was conducted using Covidence. Using a customized
template, the following information was obtained from each study:
Study name, author, publication year, location, eligibility criteria,
participant demographics (numbers of males and females, ethnicity,
age), opioids used prior to study participation (e.g., illicit opioids,
prescription opioids), duration of intervention, intervention details
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(including buprenorphine formulations, comparators, treatment setting
and frequency of assessments during the study), number of participants
remaining at end of study, statistical methods used (plus blinding,
treatment allocation, randomization, recruitment methods), primary
and secondary outcomes, study results (reported separately by sex
when available), conclusions, and related publications.

The quality of included studies was assessed using the Cochrane
Risk of Bias assessment, which is embedded in the Covidence software.
The Cochrane Risk of Bias assessment is used to evaluate quality of
randomized controlled trials and examines selection bias, performance
bias, detection bias, attrition bias, reporting bias and other biases
(Higgins and Green, 2011).

Data extraction and risk of bias assessments were completed in-
dependently by the first and second authors. After completion of these
steps, SL and RM reviewed the extracted data and risk of bias assess-
ments to ensure consensus and consistency.

2.4. Data synthesis

Prior to conducting this review, the authors anticipated that sex-
specific data would be infrequently reported. In addition, there is
known variability in outcome measures used and reported in the opioid
use disorder literature (Bray et al., 2017; Wiessing et al., 2018). Cor-
responding authors were contacted for all studies that did not present
sex-specific findings, in an attempt to gather sufficient data to conduct
meta-analyses of the most commonly and consistently reported out-
comes (e.g., treatment retention and opioid use). In order to retrieve
additional sex-specific outcome data, the primary author (SL) contacted
the corresponding authors of 14 primary studies (Fiellin et al., 2014;
Fischer et al., 1999; Kamien et al., 2008; Kosten et al., 1993; Krook
et al., 2002; Lee et al., 2018; Ling et al., 2010, 1996; Mattick et al.,
2003; Metzger et al., 2015; Rosenthal et al., 2013; Soyka et al., 2008;
Strain et al., 1994b; Tanum et al., 2017) and three secondary analyses
(Hser et al., 2014; Lott et al., 2006; Oliveto et al., 1994) to request
additional information. The corresponding authors of six studies were
not contacted due to small numbers of women (15 or fewer) in the
study sample (Kakko et al., 2003; Neri et al., 2005; Otiashvili et al.,
2013; Pani et al., 2000; Petitjean et al., 2001; Strain et al., 1994a).
Further, SL was unable to locate current contact information for two of
the corresponding authors. Of the 17 email contacts made, 14 corre-
sponding authors responded. Unpublished data was provided by two
authors (Fiellin et al., 2014; Tanum et al., 2017). The remaining authors
were unable to provide additional data due to lack of access related to
retirement, employment changes, or data stored in outdated and in-
accessible file formats. Ultimately, there were insufficient data to con-
duct a meta-analysis and therefore findings are reported narratively.

3. Results
3.1. Searches

A total of 3522 records were identified in initial database searches.
Manual review of included studies’ references lists did not reveal ad-
ditional publications. After duplicates were removed, 1668 studies re-
mained for screening. Following title and abstract screening, 123 re-
cords were included in the full-text review, of which 33 met inclusion
criteria. The 33 citations represented 25 individual studies. Full-text
articles were most frequently excluded due to ineligible comparators,
study design and/or patient population. See Fig. 1 for PRISMA diagram.

3.2. Study characteristics

The 25 included studies represented 6466 patients, 74% of whom
were male. Sample sizes ranged from 40 participants (Kakko et al.,
2003) to 1267 participants (Saxon et al., 2013), and mean ages of study
participants ranged from 25 years (Neri et al., 2005) to 40.8 years (Ling

Drug and Alcohol Dependence 197 (2019) 168-182

Records identified through database
searching
(n= 3522)

Additional records identified through
other sources

} !

Records after duplicates removed
(n=1668)

l

Records screened
(n=1668)

l

Full-text articles assessed
for eligibility
(n=123)

!

Studies included in
qualitative synthesis
(n=25)

I

Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

Records excluded
(n= 1545)

Full-text articles excluded,
with reasons

(n=98)

Fig. 1. PRISMA Diagram.
(Moher et al., 2009)

et al., 1996). The majority of studies (14 in total) were conducted in the
United States (Fiellin et al., 2014; Fudala et al., 2003; Johnson et al.,
2000, 1992; Kamien et al., 2008; Kosten et al., 1993; Lee et al., 2018;
Ling et al.,, 2010, 1996; Rosenthal et al., 2013; Saxon et al., 2013;
Schottenfeld et al., 1997; Strain et al., 1994a, b). Other study locations
included Austria (Fischer et al., 1999), Sweden (Kakko et al., 2003),
Norway (Krook et al., 2002; Tanum et al., 2017), Australia (Mattick
et al.,, 2003), Thailand and China (Metzger et al., 2015), Italy (Neri
et al., 2005; Pani et al., 2000), Republic of Georgia (Otiashvili et al.,
2013), Switzerland (Petitjean et al., 2001) and Germany (Soyka et al.,
2008). The studies were conducted during the past 30 years, with 7
studies published in the 1990’s (Fischer et al., 1999; Johnson et al.,
1992; Kosten et al., 1993; Ling et al., 1996; Schottenfeld et al., 1997;
Strain et al., 1994a, b), 10 published in the 2000’s (Fudala et al., 2003;
Johnson et al., 2000; Kakko et al., 2003; Kamien et al., 2008; Krook
et al., 2002; Mattick et al., 2003; Neri et al., 2005; Pani et al., 2000;
Petitjean et al., 2001; Soyka et al., 2008), and 8 published in the 2010’s
(Fiellin et al., 2014; Lee et al., 2018; Ling et al., 2010; Metzger et al.,
2015; Otiashvili et al., 2013; Rosenthal et al., 2013; Saxon et al., 2013;
Tanum et al., 2017). The majority (64%) of the studies compared
sublingual buprenorphine with methadone (Fischer et al., 1999;
Johnson et al., 2000, 1992; Kamien et al., 2008; Kosten et al., 1993;
Ling et al., 1996; Mattick et al., 2003; Neri et al., 2005; Otiashvili et al.,
2013; Pani et al., 2000; Petitjean et al., 2001; Saxon et al., 2013;
Schottenfeld et al., 1997; Soyka et al., 2008; Strain et al., 1994a, b). See
Table 1 for a summary of the study characteristics. Approximately half
(52%) of the studies included sex as a consideration in their analyses or
described sex differences in treatment outcomes in their discussions
(Fischer et al., 1999; Johnson et al., 2000, 1992; Lee et al., 2018; Ling
et al., 1996; Mattick et al., 2003; Metzger et al., 2015; Rosenthal et al.,
2013; Saxon et al., 2013; Schottenfeld et al., 1997; Soyka et al., 2008;
Strain et al., 1994b; Tanum et al., 2017). Of these, three had secondary
publications focusing primarily on sex differences and included sex
disaggregated data (Jones et al., 2005; Schottenfeld et al., 1998; Woody
et al., 2014).

3.3. Risk of bias

The included studies were generally of high quality. The most
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Table 1 (continued)

Sex differences?**

Primary outcomes

Ethnicity

Age

Sex (n)

Sample

Interventions

Trial Design & Follow-up

Time

Location

Author (Year)

mean
(SD)

size (n)

Methadone (Liquid, flexible dose,

90 mg max)

Strain (1994):No
Strain (1996): Yes

Strain (1994): Treatment retention; Treatment

White: 49%

325

M: 116
F: 48

BP (SL liquid; target dose of 8mg 164

with some flexibility)

Double-blind, double-

dummy

USA

Strain et al. (1994b)

compliance. Strain (1996): Opioid and cocaine use;

ASI results; Self-report measures

Black: 51%

(5.8)

Strain et al.
(1996)*

Methadone (Liquid, target dose of
50 mg with some flexibility)
BP/NLX (SL tablets, flexible
dosing between 4-24 mg)

26 weeks

Treatment retention; Opioid use; Number of days of Yes

heroin or other opioid use

36 (8.6) White: 89.3%

M: 115
F: 44

159

Open-label
12 weeks

Norway

Tanum et al. (2017)

Extended-release Naltrexone (IM
injection, 380 mg q4weeks)

“secondary analysis;

*ethnic minority defined as people who did not identify as Han in China or Thai in Thailand; ***Any discussion of sex considerations, or sex-based analysis conducted and reported, whether actual

buprenorphine/naloxone; SL = sublingual.

data were presented or not; NR = not reported; BP = buprenorphine; BP/NLX

Drug and Alcohol Dependence 197 (2019) 168-182

common source of bias was related to lack of blinding of participants
and personnel in open-label studies (Fiellin et al., 2014; Fischer et al.,
1999; Lee et al., 2018; Metzger et al., 2015; Neri et al., 2005; Otiashvili
et al., 2013; Saxon et al., 2013; Soyka et al., 2008; Tanum et al., 2017).
In addition, many authors did not clearly describe sequence generation
and allocation concealment during randomization, so the risk of bias in
relation to these was often unclear. See Table 2 for complete risk of bias
assessments for each study.

3.4. Outcomes in buprenorphine studies

Given the small number of females in many of the following studies,
the results described should be interpreted with caution, as some stu-
dies may have been underpowered to detect significant sex differences.
See Table 3 for details (including sample sizes) regarding studies pro-
viding sex-specific results.

3.4.1. Treatment retention

In their secondary analysis of the study by Johnson et al. (2000),
Jones et al. (2005) examined sex differences in a number of different
treatment outcomes among patients being treated with flexible doses of
buprenorphine, methadone or levomethadyl acetate. The results of this
secondary analysis did not reveal any statistically significant sex dif-
ferences in treatment retention (defined as mean number of days re-
tained in treatment) within or between buprenorphine and methadone
treatment groups.

In their secondary analysis of Schottenfeld et al. (1997),
Schottenfeld et al. (1998) examined the relationship between sex and
several treatment outcomes in their study comparing four groups of
participants on fixed doses of maintenance treatment. The treatment
groups were low-dose buprenorphine (4 mg/day), high-dose bupre-
norphine (12mg/day), low-dose methadone (20 mg/day) and high-
dose methadone (65 mg/day). Across all treatment groups, sex was not
a statistically significant predictor of retention (defined as mean weeks
in treatment). However, within treatment groups, females receiving
low-dose buprenorphine had significantly better retention than males in
the same treatment group (p < .03) (values for retention rates not
reported).

In a secondary analysis of Saxon et al. (2013), which compared
flexible-dose methadone and buprenorphine/naloxone maintenance,
Hser et al. (2014) examined sex differences in treatment retention
(defined as mean number of days in treatment) and found that females
receiving buprenorphine/naloxone maintenance were significantly less
likely to be retained in treatment compared to males receiving bupre-
norphine/naloxone maintenance (p < 0.01). The opposite effect was
true in the methadone maintenance group, where females were sig-
nificantly more likely to be retained in treatment compared to males
(p < 0.01) (values for retention rates not reported). This study is
particularly notable due to its large sample size (N = 1267), 406 of
whom were female.

Unpublished results from the study by Fiellin et al. (2014), which
compared flexible-dose buprenorphine/naloxone maintenance and bu-
prenorphine/naloxone taper demonstrated no statistically significant
within-group sex differences in treatment retention, which was defined
as mean number of days retained in the trial (personal communication).

Unpublished results from the study by Tanum et al. (2017), which
compared injectable extended-release naltrexone with flexible-dose
buprenorphine/naloxone during a 12-week study, found no statistically
significant within-group sex differences in treatment completion, with
68% of males and 54% of females completing treatment in the ex-
tended-release naltrexone group, and 73% of males and 57% of females
completing treatment in the buprenorphine/naloxone group (personal
communication).

Two other studies examined the relationship between sex and
treatment retention across all treatment groups in their studies, but did
not examine within-group differences. In their study examining fixed
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Table 2

Drug and Alcohol Dependence 197 (2019) 168-182

Risk of Bias Assessments. (For interpretation of the references to colour in this Table legend, the reader is referred to the web version of

this article.)

Sequence Allocation Blinding Blinding Incomplete Selective Other Sources
Generation Concealment  (Participants (Outcome Outcome Outcome of Bias
and Assessors) Data Reporting

Personnel)

Fiellin et al. (2014)
Fischer et al. (1999)
Fudala et al. (2003)
Johnson et al. (1992)
Johnson et al. (2000)
Kakko et al. (2003)
Kamien et al. (2008)
Kosten et al. (1993)
Krook et al. (2002)
Lee etal. (2018)

Ling et al. (1996)
Ling et al. (2010)
Mattick et al. (2003)
Metzger et al. (2015)
Neri et al. (2005)
Otiashvili et al. (2013)
Pani et al. (2000)
Petitjean et al. (2001)
Rosenthal et al. (2013)
Saxon et al. (2013)
Schottenfeld et al. (1997)
Soyka et al. (2008)
Strain et al. (1994a)
Strain et al. (1994b)
Tanum et al. (2017)

Legend: Risk of Bias

Unclear
High

doses of buprenorphine (8mg/day) versus low-dose methadone (30mg/
day) and high-dose methadone (80mg/day), Ling et al. (1996) found
that there was no statistically significant association between treatment
retention and sex. Similarly, in their study comparing flexible-dose
buprenorphine and methadone maintenance, Soyka et al. (2008) ex-
amined participant characteristics associated with treatment retention,
and found that sex was not a statistically significant predictor.

3.4.2. Opioid use

In their secondary analysis of Johnson et al. (2000), Jones et al.
(2005) found that females receiving buprenorphine had significantly
fewer illicit opioid-positive urine samples compared to males main-
tained on buprenorphine (49.6% and 58.7% positive samples, respec-
tively, p < .05). Furthermore, females maintained on buprenorphine
had significantly fewer illicit opioid-positive urine samples than fe-
males maintained on methadone (49.6% and 67.9% positive samples,
respectively, p < .05).

Across treatment groups, Schottenfeld et al. (1998) found no sta-
tistically significant difference in rates of opioid-positive urine samples
between females and males. However, across treatment groups, females
were significantly more likely than males to become abstinent from
opioids (50% vs. 27.5%, respectively, p < .02). Within treatment
groups, they found significant sex differences in the low-dose (4 mg/
day) buprenorphine group only, with females having fewer opioid-po-
sitive urine samples compared to males (63.7% and 83.6% positive
samples, respectively, p < .001). Females also experienced sig-
nificantly greater rates of opioid abstinence within the low-dose bu-
prenorphine group compared to males (50% vs 0%, respectively,
p.001).

In their recent study comparing flexible-dose buprenorphine/na-
loxone with extended-release naltrexone (administered via
tramuscular injection), Lee et al. (2018) conducted a subgroup analysis
by sex and found that rates of opioid relapse did not differ by sex in

in-

either medication group in both intention-to-treat and per-protocol
populations (sex-specific data not provided). Similarly, unpublished
analyses from Fiellin et al. (2014) revealed no main effect of sex or
significant interaction between treatment condition and sex in relation
to percentage of opioid-positive urine samples (personal communica-
tion).

3.4.3. Other substance use

Schottenfeld et al. (1998) examined the interaction between sex,
maintenance treatment and cocaine use in their secondary analysis of
Schottenfeld et al. (1997). They found that cocaine-positive urine
samples were not significantly associated with sex or treatment group.
Within treatment groups, however, there were significant sex differ-
ences. In the high-dose (12mg/day) buprenorphine group, female
participants had significantly higher rates of cocaine-positive urine
samples compared to males (81.7% and 53.8% positive samples, re-
spectively, p < .02). In the low-dose (20 mg/day) methadone group,
females had significantly lower rates of cocaine-positive urine samples
compared to males (38.2% and 62.5% positive samples, respectively,
p < .05).

In a secondary analysis of Strain et al. (1994b), Strain et al. (1996)
examined the outcomes of patients who were retained in treatment for
the duration of the 16-week study which compared flexible-dose bu-
prenorphine and flexible-dose methadone maintenance. Strain et al.
(1996) found that self-reported drug use (defined as opioid and cocaine
use) decreased over time in both treatment groups. They examined
whether improvements in ASI scores and self-reported drug use differed
by sex overall, as well as whether there were sex and treatment group
interactions. No significant differences or interactions were found (sex-
specific values not reported).
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3.5. Sexual risk behaviours

In their secondary analysis of Saxon et al. (2013), Woody et al.
(2014) examined sexual risk behaviour outcomes among people who
completed a 24-week study comparing flexible-dose buprenorphine/
naloxone with flexible-dose methadone. Sexual risk behaviour was
defined as having more than one sexual partner and/or sex without a
condom in the past 30 days. In this study, sexual risk behaviours were
examined at baseline, at 12 weeks and at 24 weeks and reported as a
sexual risk composite percentage which included the two sexual risk
behaviours described above. Sexual risk behaviours were examined
separately for males and females. In this study, it was found that among
males, there was a significant difference in sex risk composite over
time, with sexual risk behaviours decreasing among males receiving
methadone compared to males receiving buprenorphine/naloxone
(p = .03). Among females, there was a significant decrease in the sex
risk composite over time with no differences between treatment groups
(p =.02).

4. Discussion

To our knowledge, this is the first systematic review to examine sex
differences in treatment outcomes among people receiving buprenor-
phine maintenance treatment. This review focused on RCTs comparing
buprenorphine with other medication-assisted treatments, placebo, or
withdrawal management and revealed that approximately only half of
the included studies made any reference to sex differences or con-
siderations in their analyses, outcomes or discussions. Several studies
examined sex differences for the outcomes of treatment retention,
opioid use, other substance use and sexual risk behaviours. For studies
examining quality of life, legal involvement and mental and physical
health, no sex-specific analyses were reported.

Treatment retention was the most commonly described outcome,
with seven studies providing some sex-specific analysis. Of those, five
studies did not find a significant association between treatment reten-
tion and sex (Fiellin et al., 2014; Jones et al., 2005; Ling et al., 1996;
Soyka et al., 2008; Tanum et al., 2017), one found a significant asso-
ciation (Hser et al., 2014), and one found both significant and insig-
nificant associations, depending on whether within or across-group
relationships were being examined (Schottenfeld et al., 1998). Due to
the variability in how sex differences were examined (i.e., within
treatment groups vs. across study population) and conflicting findings,
it is unclear whether there are differences in treatment retention be-
tween males and females being treated with buprenorphine.

Of the five studies describing opioid use, three found no significant
sex differences (Fiellin et al., 2014; Lee et al., 2018; Strain et al., 1996)
and two reported that females receiving buprenorphine had sig-
nificantly fewer opioid-positive urine results (Jones et al., 2005;
Schottenfeld et al., 1998). Of the two studies analyzing sex differences
in other substance use, one reported that females’ use of cocaine may
vary depending on the type of opioid maintenance medication received
(Schottenfeld et al., 1998).

Lastly, only one study examined sex in relation to sexual risk be-
haviours (Woody et al., 2014). Unfortunately, this study did not explore
within-group sex differences. However, potentially important results
were found, suggesting that opioid maintenance medications may de-
crease sexual risk behaviours among females, and that sexual risk be-
haviours among males may be related to the type of maintenance
medication received.

Overall, the findings of this systematic review are inconclusive, due
to mixed findings or findings limited to only one study conducting
detailed sex-specific analyses on a given outcome (e.g., sexual risk be-
haviours). Further, the small number of women in most studies raises
the concern that those studies examining sex differences were under-
powered to detect significant differences, and given the inclusion of
multiple secondary analyses, there is potential for Type I error. For
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example, in Schottenfeld's et al. (1998) secondary analysis, each group
had 12 or fewer females. The study by Metzger et al. (2015) was in-
cluded in this review even though they did not describe any sex dif-
ferences in treatment outcomes, because they highlighted that they
made efforts include females, yet the majority of their study population
(92%) was male and they could not be confident that the outcomes
found in their study applied to females. This challenge was likely en-
countered by numerous studies. As noted in section 2.4, there were
several corresponding authors not contacted to provide additional data
for this review because there were so few women included in the stu-
dies, thus making it impossible to conduct any statistical analyses.

There is literature suggesting that males and females receiving
treatment for substance use disorders do not differ in relation to re-
tention or program completion (Greenfield et al., 2007). However, it is
acknowledged that sex and gender differences remain understudied and
unclear, as there is a deficit of substance-specific research that is dis-
aggregated by sex and also considers gender. The current systematic
review examined substance-specific literature and confirmed that there
remains more work to do in order to understand sex differences in
treatment outcomes for opioid use disorder, particularly for patients
being treated with buprenorphine. Further, many studies examine
treatment retention and substance use as primary outcomes and do not
explore other health and social outcomes known to differ between
women and men (McHugh et al., 2017). Therefore, it is important for
future research to study outcomes beyond retention and substance use
to determine the effectiveness of interventions across a broader spec-
trum of possible outcomes (McHugh et al., 2017).

While there are known differences in substance use disorders be-
tween males and females, females have been understudied in addictions
research (McHugh et al., 2017), even though international data indicate
increasing prevalence of substance use among females, including opioid
use. In fact, females in North America are more likely to receive a
prescription for opioids, and be prescribed them for a longer period of
time than males (Canadian Centre on Substance Use and Addiction,
2017b; Mazure and Fiellin, 2018). Females misuse prescription medi-
cations at similar rates as males, and heroin use among females has
increased at a faster pace than males (McHugh et al., 2017). Though
males are more likely to die from an opioid overdose (Government of
Canada, 2018; Mazure and Fiellin, 2018), females represent half of the
hospitalizations for opioid poisoning (Canadian Centre on Substance
Use and Addiction, 2017b) and the rate of opioid-related deaths is in-
creasing more rapidly among females than males (Mazure and Fiellin,
2018). Ultimately, understanding the unique and shared needs of males
and females with opioid use disorder has important implications for
treatment decisions, particularly by identifying complimentary health
and social services to enhance outcomes with buprenorphine treatment.

This review was limited by the fact that meta-analyses were not
possible for a number of reasons. Ultimately, there was insufficient data
available to conduct meta-analyses. Though some sex-specific data was
available, the studies were not appropriate for meta-analysis due to
significant differences in interventions. However, given that many of
the known differences between males and females are psychosocial in
nature, future reviews should examine the interventions occurring
alongside buprenorphine treatment which may influence the responses
of males and females, and group studies on this basis.

This review was limited to RCTs in order to synthesize the highest
quality evidence. This likely limited studies using other designs, such as
cohort studies, which could provide additional data and reflect real-
world situations which may not be captured within the constraints of
RCTs. In order to assess whether sex differences were related to bu-
prenorphine maintenance specifically, this review included studies with
non-buprenorphine maintenance comparators only (but included pla-
cebo and buprenorphine taper conditions). However, this resulted in
the omission of studies with varying levels of non-pharmacological
support with buprenorphine, such as the Prescription Opioid Addiction
Treatment Study (Weiss et al., 2011). It is possible that these studies
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contain sex-specific analyses which could add to the results of the
present review. One strength of this review was the high response rate
of corresponding authors, which is contrary to recent reports that re-
sponse rates are often very low (Manca et al., 2018). Though most
authors were not able to provide data, the high response rate was
promising and may have yielded more had more of the studies been
conducted in recent years.

4.1. Recommendations for future research

Future studies should analyze their findings by sex in order to en-
hance our understanding of how males and females respond to treat-
ment with buprenorphine. Aggregated data obscure sex differences and
assume a shared experience by males and females, which may be in-
accurate (Morgan et al., 2016). Understandably, some studies may be
underpowered to detect significant differences between males and fe-
males. It is possible that large, administrative databases may provide a
solution to this challenge.

Future research should examine the relationships between sex,
gender and outcomes such as retention, substance use, mental and
physical health, sex risk behaviours, and quality of life. Sex and gender
are inextricably linked and must be considered in research in order to
understand the effectiveness of interventions (Tannenbaum et al.,
2016). This systematic review focused on sex differences, but found that
the terms ‘sex’ and ‘gender’ were often used interchangeably in the
literature examined. Sex, as defined by the Canadian Institutes of
Health Research (2014), is the “biological attributes of humans and
animals, including physical features, chromosomes, gene expression,
hormones and anatomy” and gender is the “socially constructed roles,
behaviours, expressions and identities of girls, women, boys, men and
gender diverse people.” Future research should be explicit in their use
of these terms.

Lastly, this systematic review focused specifically on randomized
controlled trials and reported on objectively measured outcomes. Given
the nuances of sex, gender, and experiences of health care, future re-
search should consider the use of qualitative approaches to give addi-
tional context to any sex or gender-specific findings related to treatment
of opioid use disorder.

5. Conclusion

This systematic review examined sex differences in treatment out-
comes among people being treated with buprenorphine versus other

Appendix A Search Strategies
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medication-assisted treatment, placebo, or withdrawal management.
Several studies examined sex differences for the outcomes of treatment
retention, opioid use, other substance use and sexual risk behaviours.
However, due to inconsistent findings, small sample sizes, and inability
to conduct meta-analyses, the findings of this review were inconclusive.
Further research is needed with larger sample sizes, including greater
proportions of females. Considering the ongoing opioid crisis occurring
in North America and the increasing numbers of females affected by
opioid use disorder, it is essential that future studies include females
and conduct sex and gender-based analyses.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. Dr. Kristin
Cleverley was supported by the CAMH Chair in Mental Health Nursing
Research, and Dr. Martine Puts was supported by a Canada Research
Chair in the Care of Frail Older Adults during the writing of this
manuscript.

Contributors

SL was responsible for the conceptualization of the review and de-
velopment of search strategies and protocol. SL conducted all screening,
extraction and data analysis steps and wrote the first draft of the
manuscript. RM conducted all screening and extraction steps as a
second independent reviewer, and reviewed the final manuscript. KC,
BS and MP reviewed and provided recommendations for revision of the
study protocol and search strategy, in addition to reviewing and con-
tributing to the final manuscript. All authors have contributed to and
approved the final manuscript.

Conflict of interest

No conflict declared.

Acknowledgements

The authors would like to thank the researchers who contributed
unpublished data to this review and responded to queries regarding
their studies. They would also like to thank Mikaela Gray for her sup-
port in developing the search strategy for this review.

MEDLINE SEARCH (Feb. 24, 2018)

(buprenorphine or bunavail or suboxone or zubsolv or buprekson or desud plus or belbuca or buprenex or butrans or probuphine or subutex or acron or addictex or addnok or

brospina or bugesic or bupensan or bupine or bupralex or bupren or buprex or dorfene or ednok or feliben or gabup or hapoctasin or nalgesic or nopan or norphin or norspan

1 exp Opioid-Related Disorders/
2 ((opioid* or opiate*) adj2 (addict* or depend* or misuse or abuse or “use” or disorder*)).tw,kf.
3 or/1-2 [opioid use disorder concept]
4 exp Opiate Substitution Treatment/
5 exp Buprenorphine, Naloxone Drug Combination/ or exp Buprenorphine/
6
or pentorel or restiva or shumeifen or sovenor or temgesic or tidigesic or transtec).tw,kf.
7 or/4-6 [drug concept]
8 randomi?ed controlled trial.pt
9 controlled clinical trial.pt
10 randomi?ed.ab
11 placebo.ab
12 clinical trials as topic.sh
13 randomly.ab
14 trial.ti
15 or/8-14
16 3 and 7 and 15
17 exp animals/ not humans.sh
18 16 not 17

814 results
EMBASE SEARCH (Feb. 24, 2018)
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A WN -

9

opiate addiction/

((opioid* or opiate*) adj2 (addict* or depend* or misuse or abuse or “use” or disorder*).tw,kw.

or/1-2 [opioid use disorder concept]

exp opiate substitution treatment/

exp buprenorphine plus naloxone/ or exp buprenorphine/

(buprenorphine or bunavail or suboxone or zubsolv or buprekson or desud plus or belbuca or buprenex or butrans or probuphine or subutex or acron or addictex or addnok or
brospina or bugesic or bupensan or bupine or bupralex or bupren or buprex or dorfene or ednok or feliben or gabup or hapoctasin or nalgesic or nopan or norphin or norspan
or pentorel or restiva or shumeifen or sovenor or temgesic or tidigesic or transtec).tw,kw.

or/4-6 [drug concept]

crossover-procedure/ or double-blind procedure/ or randomized controlled trial/ or single-blind procedure/ or (random* or factorial* or crossover* or cross over* or placebo*
or (doubl* adj blind*) or (singl* adj blind*) or assign* or allocat* or volunteer*).tw.

3and 7 and 8

984 results

PsycINFO SEARCH (Feb. 24, 2018)

ga b wWwN =

heroin addiction/

((opioid* or opiate*) adj2 (addict* or depend* or misuse or abuse or “use” or disorder*)).tw.
or/1-2 [opioid use disorder concept]

maintenance therapy/ or buprenorphine/

(buprenorphine or bunavail or suboxone or zubsolv or buprekson or desud plus or belbuca or buprenex or butrans or probuphine or subutex or acron or addictex or addnok or
brospina or bugesic or bupensan or bupine or bupralex or bupren or buprex or dorfene or ednok or feliben or gabup or hapoctasin or nalgesic or nopan or norphin or norspan
or pentorel or restiva or shumeifen or sovenor or temgesic or tidigesic or transtec).tw

or/4-5 [drug concept]

Treatment Effectiveness Evaluation/

exp Treatment Outcomes/

PLACEBO/

Followup Studies/

placebo*.tw

random*.tw

“comparative stud*”.tw

(clinical adj3 trial*).tw

(research adj3 design).tw

(evaluat* adj3 stud*).tw

(prospective* adj3 stud*).tw

((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).tw

or/7-18 [RCT concept]

3 and 6 and 19

630 results

CINAHL SEARCH (Feb. 24, 2018)

S20
S19
S18
S17
S16
S15
S14
S13
S12
S11

S10
S9
S8
S7
S6

S5

S4
S3
S2
S1

254 results

S3 AND S7 AND S19

S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18

TX allocat* random*

(MH “Quantitative Studies”)

(MH “Placebos™)

TX placebo*

TX random* allocat*

(MH “Random Assignment”)

TX randomi* control* trial*

TX ((singl* n1 blind*) or (singl* n1 mask*)) or TX ((doubl* n1 blind*) or (doubl* n1 mask*)) or TX ((tripl* n1 blind*) or (tripl* n1 mask*)) or TX ((trebl* n1 blind*) or (trebl*
nl mask*))

TX clinic* n1 trial*

PT Clinical trial

(MH “Clinical Trials +”)

S4 OR S6 OR S7

AB (buprenorphine or bunavail or suboxone or zubsolv or buprekson or desud plus or belbuca or buprenex or butrans or probuphine or subutex or acron or addictex or addnok
or brospina or bugesic or bupensan or bupine or bupralex or bupren or buprex or dorfene or ednok or feliben or gabup or hapoctasin or nalgesic or nopan or norphin or
norspan or pentorel or restiva or shumeifen or sovenor or temgesic or tidigesic or transtec)

TI (buprenorphine or bunavail or suboxone or zubsolv or buprekson or desud plus or belbuca or buprenex or butrans or probuphine or subutex or acron or addictex or addnok
or brospina or bugesic or bupensan or bupine or bupralex or bupren or buprex or dorfene or ednok or feliben or gabup or hapoctasin or nalgesic or nopan or norphin or
norspan or pentorel or restiva or shumeifen or sovenor or temgesic or tidigesic or transtec)

(MH "Buprenorphine")

S1 OR S2

AB (opioid OR opiate) N2 (addict* OR depend* OR misuse OR abuse OR “use” OR disorder*)

TI (opioid OR opiate) N2 (addict* OR depend* OR misuse OR abuse OR “use” OR disorder*)

Cochrane Central SEARCH (Feb. 24, 2018)

NO U wN =

[mh “opioid-related disorders”]

((opioid* or opiate*) near/2 (addict* or depend* or misuse or abuse or “use” or disorder*)):ti,ab,kw

{or #1-#2}

[mh “opiate substitution treatment”]

[mh “buprenorphine, naloxone drug combination”]

[mh “buprenorphine”]

(buprenorphine or bunavail or suboxone or zubsolv or buprekson or desud plus or belbuca or buprenex or butrans or probuphine or subutex or acron or addictex or addnok or
brospina or bugesic or bupensan or bupine or bupralex or bupren or buprex or dorfene or ednok or feliben or gabup or hapoctasin or nalgesic or nopan or norphin or norspan
or pentorel or restiva or shumeifen or sovenor or temgesic or tidigesic or transtec):ti,ab,kw

{or #4-#7}

#3 and #8

840 results (trials)

180
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