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Abstract
Background: The consequences of opioid relapse among patients being treated with opioid substitution treatment
(OST) are serious and can result in abnormal cardiovascular function, overdose, and mortality. Chronic pain is a major risk
factor for opioid relapse within the addiction treatment setting. There exist a number of opioid maintenance therapies
including methadone, buprenorphine, naltrexone, and levomethadyl acetate (LAAM), of which the mediating effects of
pain on treatment attrition, substance use behavior, and social functioning may differ across therapies. We aim to 1)
evaluate the impact of pain on the treatment outcomes of addiction patients being managed with OST and 2) identify
the most recently published opioid maintenance treatment guidelines from the United States, Canada, and the UK to
determine how the evidence is being translated into clinical practice.
Methods/design: The authors will search Medline, EMBASE, PubMed, PsycINFO, Web of Science, Cochrane Database of
Systematic Reviews, ProQuest Dissertations and theses Database, Cochrane Central Register of Controlled Trials (CENTRAL),
World Health Organization International Clinical Trials Registry Platform Search Portal, and the National Institutes for Health
Clinical Trials Registry. We will search www.guidelines.gov and the National Institute for Care and Excellence (NICE)
databases to identify the most recently published OST guidelines. All screening and data extraction will be completed in
duplicate. Provided the data are suitable, we will perform a multiple treatment comparison using Bayesian meta-analytic
methods to produce summary statistics estimating the effect of chronic pain on all OSTs. Our primary outcome is
substance use behavior, which includes opioid and non-opioid substance use. We will also evaluate secondary endpoints
such as treatment retention, general physical health, intervention adherence, personal and social functioning, as well as
psychiatric symptoms.
Discussion: This review will capture the experience of treatment outcomes for a sub-population of opioid addiction
patients and provide an opportunity to distinguish the best quality guidelines for OST. If chronic pain truly does result
in negative consequences for opioid addiction patients, it is important we identify which OSTs are most appropriate for
chronic pain patients as well as ensure the treatment guidelines incorporate this information.
Systematic review registration: PROSPERO CRD42014014015 http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42014014015#.VS1Qw1wkKGM
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Background
Chronic non-cancer pain is a serious comorbidity impacting the lives of over 95 million people, an estimated 30.7%
of the US population [1]. Chronic pain is defined as pain
lasting longer than 3 months or past the standard time for
tissue to heal [2]. Front-line treatments include the prescription of long-acting opioids, although there is minimal
evidence to suggest that opioids provide any long-term relief for chronic pain [3]. Trends in current prescribing
practice suggest that the rise in prescription opioid use [4]
has been paralleled by a concerning increase in opioidrelated deaths, addiction, and medication diversion [5-9].
Opioids are highly liable for misuse, which is evident from
the reported incidence of addiction, ranging from 3.2% to
27% among the chronic pain population [10].
While methadone is employed in the management of
chronic pain, its most common use is in the treatment of
opioid addiction [11], known formally as methadone
maintenance treatment (MMT). Under the supervision of
addiction specialists, methadone (a synthetic opioid) is
prescribed to alleviate the symptoms of withdrawal and
prevent relapse [11]. Within the addiction population being treated with methadone, chronic non-cancer pain is
the most commonly reported comorbidity, with an estimated prevalence ranging from 37% to 55.3% [12-14].
The intersection between pain management, opioid
dependence, and addictive behavior inflates the challenges of treating both addiction and chronic pain. In
addition to psychiatric disturbance and inadequate social
support, chronic pain is known to be one of the greatest
risk factors for opioid relapse within the methadone setting
[15,16]. These effects are argued to be the result of opioidinduced hyperalgesia, characterized as a status of heightened nociceptive sensitization caused by opioid exposure
[17]. This effect has been demonstrated repeatedly, whereby
patients with non-cancer chronic pain taking methadone
showed increased hyperalgesic response (assessed by cold
presser test but not stimulus) in comparison to their
placebo-matched controls [17,18].
The risk for abnormal cardiovascular function [19,20],
overdose [21,22], and mortality [21] is highest among patients abusing opioids in combination with MMT. Classifying chronic pain as a risk factor for continued opioid abuse
[12,15,16,23] calls to question which addiction treatment is
most appropriate for patients with comorbid pain. There
exist a number of opioid maintenance therapies including
methadone, buprenorphine, naltrexone, and levomethadyl
acetate (LAAM), of which the mediating effects of pain on
treatment attrition, substance use behavior, and social
functioning may differ across therapies.
Is chronic pain an important mediating factor when
evaluating patient response to opioid addiction treatment? Which opioid maintenance therapy is best for improving physical, psychiatric, and substance use behavior
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outcomes in patients with opioid addiction and chronic
pain? We aim to evaluate these questions using evidence
gathered from all studies evaluating chronic pain in the
opioid addiction patient population. The lack of current
summary of evidence evaluating the mediating effects of
pain suggests that our current effort to combine the evidence will serve to 1) distinguish the best therapy for
opioid addiction patients with comorbid pain and 2) enable clinicians to tailor treatments based on an important and highly prevalent risk factor.
Objectives

We aim to 1) evaluate the impact of comorbid chronic
non-cancer pain on all opioid addiction treatment outcomes reported in the literature including treatment retention, illicit substance-use behavior, as well as physical
and psychiatric symptoms, 2) determine how different
opioid maintenance treatments compare in their effectiveness for patients with comorbid chronic non-cancer
pain, 3) provided the data are suitable, combine the evidence from direct and indirect comparisons using network meta-analysis, and 4) identify the most recently
published opioid maintenance treatment guidelines from
the United States, Canada, and the UK to determine
how the evidence is being translated into clinical practice for addiction management.
Research questions

1.1Among patients with opioid addiction being treated
with (or randomized to) opioid substitution
treatment (OST): 1) does chronic non-cancer pain
interfere with the effect of OST, and 2) which OST
is best for improving treatment response for patients
with comorbid chronic non-cancer pain? We will
evaluate response across multiple outcome domains
including: substance use behavior, physical health,
psychiatric symptoms, as well as personal and social
functioning.
1.2Do the most recently published United States,
Canadian, and United Kingdom OST clinical
practice guidelines capture and properly translate
the evidence obtained from the studies evaluated in
this review?

Methods/design
Systematic review methods
Inclusion and exclusion criteria

To be included in this review, the study must evaluate
the impact of chronic pain on patient’s response to opioid addiction treatment. The study must have provided
a comparison of response to treatment outcomes (for
example, continued opioid abuse, general physical
health) between patients with and without chronic pain.
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We also require the studies to have evaluated patients
on an OST for opioid addiction. We will not place any
restrictions on the types of OST or measurement of
chronic pain. All study designs will be accepted into this
review, (that is, randomized controlled trials, observational studies, or qualitative studies). No restrictions
were placed on socioeconomic, geographic, or ethnic
backgrounds of participants for this review.
To be eligible for inclusion, all studies must be primary (original research in patients with pain, no secondary reporting), completed (no interim analyses will be
allowed in this review), and performed in a human
population.
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Faculty of Health Science librarian as needed throughout
the design and investigation phases of the study. The
search will be restricted to human studies. Our search will
not be restricted to the published literature. We acknowledge that studies in the unpublished literature may not be
subject to the same scrutiny as the investigations published
in peer-reviewed journals. However, the unpublished literature meeting the inclusion criteria will still be subject to
the same rigorous risk of bias assessment as all studies included in this review. To ascertain the gray literature, we
will perform a search using the ProQuest Dissertations and
theses Database. The title, abstract, and full-text screening
will be performed in duplicate by two independent reviewers (Dennis, B and Bawor, M).

Outcome measures

The primary outcome in this review is illicit opioid use,
which can be measured in various ways including urine
toxicology screening or self-report. We anticipate many
definitions and measurements of opioid use. For example, some studies measure opioid use behavior as the
number of days of opioid use in the last month, while
others report the mean number of positive opioid urine
screens or days until opioid relapse. We will accept any
definition or measurement of illicit opioid use, provided
the study performs an analysis comparing opioid use behavior based on patients’ chronic pain status. We will
also abstract data on all other efficacy end-points including non-opioid substance abuse, general physical health,
psychiatric symptoms, personal and social functioning,
intervention adherence (for example, treatment retention, dropout rate), resource utilization (for example,
hospital admissions) as well as treatment preference.
However, short-term outcomes (initial dosing, initial response in a period of <3 weeks, or early detoxification
response) will not be evaluated.
Data sources and search strategy

We will perform an electronic search using the Medline,
EMBASE, PubMed, PsycINFO, Web of Science, Cochrane
Database of Systematic Reviews, ProQuest Dissertations and
theses Database, Cochrane Central Register of Controlled
Trials (CENTRAL), World Health Organization International Clinical Trials Registry Platform Search Portal,
and the National Institutes for Health Clinical Trials
Registry. In addition, the reference lists of all Cochrane
reviews addressing this topic will be reviewed. We will
use the Cochrane reviews to validate our own searches
of databases and ensure that we have captured the relevant articles in our field. This supplementary search will
be applied to Cochrane reviews since they are considered the gold standard in systematic reviews.
We will use a comprehensive search strategy tailored for
each database. Please refer to Table 1 for an outline of the
search strategy. We consulted a McMaster University

Selection of studies

Two independent reviewers will screen titles and abstracts and potentially eligible full-text articles using predefined inclusion criteria. Any disagreements or
variability between reviewers will be resolved by discussion. If discussion does not lead to a resolution, a third
author (Samaan, Z) will be consulted and have the final
judgment over the disputed article. We will calculate
and report the kappa statistic for each stage (title, abstract, full-text) of screening to display the level of agreement between reviewers.
This review will be reported in accordance with the
PRISMA guidelines [24]. The review will include a flow
diagram (Figure 1) of the article screening process.
Data abstraction

The two authors (BD and MB) will independently extract data from the studies using a pre-established data
extraction form (DEF), which is available upon request.
All study information will be recorded onto the DEF and
later entered onto an electronic Microsoft Excel sheet.
The independent reviewers will extract all eligible studies in duplicate. Similar to the methods for disagreement
resolution during the title and abstract screening, the independent reviewers will first discuss the disagreements
they have during the data abstraction. When discussion
does not lead to a resolution, a third reviewer (Samaan, Z)
will provide the final decision over the disagreement.
Information extracted during the data abstraction will include author, date of publication, journal of publication,
number of study participants, type of population (clinical,
incarcerated, pregnant), eligibility criteria, OST(s), OST
dose (by chronic pain status), definition of chronic pain,
identification of primary outcome, definition of response
outcome(s), measurement of chronic pain, measurement
of response outcome(s), percentage/number of participants
with chronic pain, statistical analysis performed, study findings, overall statistical findings, factors associated with
treatment response (if reported), and author’s conclusions.
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Table 1 Electronic search strategy for the identification of relevant studies across multiple databases
Databases

Search strategies

MEDLINE Search = ______

1. substance related disorders.mp. or Substance-Related Disorders/
2. opioid related disorders.mp. or Opioid-Related Disorders/
3. Opioid-Related Disorders/or Methadone/or Analgesics, Opioid/or Heroin Dependence/
4. 1 or 2 or 3
5. methadone.mp. or Methadone/
6. Opiate Substitution Treatment/or Naloxone/ or Buprenorphine/or Opioid-Related Disorders/
or Narcotic Antagonists/
7. buprenorphine.mp. or Buprenorphine/
8. naltrexone.mp. or Naltrexone/
9. Substance Abuse Treatment Centers/or Heroin/or Heroin Dependence/or Opioid-Related
Disorders/or Randomized Controlled Trials as Topic/or Methadone/
10. opioid substitution treatment.mp. or Opiate Substitution Treatment/
11. Buprenorphine/or Analgesics, Opioid/or Opioid-Related Disorders/or Methadone/or
Heroin Dependence/
12. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12
13. chronic pain.mp. or Chronic Pain/
14. 4 and 13 and 4
15. limit 15 to humans

Web of Science Search = ______

1. Topic = (“methadone” OR “methadone maintenance therapy” OR “naltrexone” OR
“suboxone” OR “buprenorphine” OR “heroin assisted treatment”)
2. Topic = (“opioid dependence” or “addiction”)
1. Topic = (“chronic pain” OR “pain” OR “opioid induced hyperalgesia”)
2. 1 AND 2 AND 3

EMBASE = _____

1. methadone treatment/or methadone.mp. or methadone/or methadone plus
naloxone/
2. heroin dependence/or maintenance therapy/or methadone/or opiate addiction/or
diamorphine/or methadone treatment/
3. buprenorphine/or buprenorphine.mp.
4. naltrexone.mp. or morphine sulfate plus naltrexone/or naltrexone/
5. opioid substitution treatment.mp. or opiate substitution treatment/
6. methadone/ or diamorphine/or heroin dependence/
7. levomethadyl acetate.mp. or levacetylmethadol/
8. 1 or 2 or 3 or 4 or 5 or 6 or 7
9. substance related disorder.mp. or addiction/
10. naltrexone/ or buprenorphine/or opioid addiction.mp. or methadone/
11. 9 or 10
12. chronic pain.mp. or chronic pain/
13. 8 and 11 and 12
14. limit 13 to human

PsychINFO Search = _____

1. exp Drug Therapy/or exp Methadone Maintenance/or exp Heroin Addiction/
2. exp Methadone/or exp Naloxone/or exp Drug Therapy/or exp Drug Dependency/or
buprenorphine.mp.
3. naltrexone.mp. or exp Naltrexone/
4. exp Heroin Addiction/or exp Drug Rehabilitation/or exp Drug Dependency/or exp
Clinical Trials/
5. exp Drug Therapy/or exp Methadone Maintenance/
6. 1 or 2 or 3 or 4 or 5
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Table 1 Electronic search strategy for the identification of relevant studies across multiple databases (Continued)
7. exp Drug Abuse/or substance related disorder.mp. or exp Drug Dependency/
8. substance abuse.mp. or exp Drug Abuse/
9. 7 or 8
10. chronic pain.mp. or exp Chronic Pain/
11. 6 and 9 and 10
Cochrane Library: Cochrane Review and Cochrane Central
Register of Controlled Trials = _____

Search title, abstract, keywords:
1. “methadone” OR “naltrexone” OR “buprenorphine” OR “opioid substitution treatment”
OR “levo-methadyl acetate” OR “heroin assisted treatment” OR “heroin substitution
treatment”
2. “substance abuse disorder” OR “opioid abuse” OR “substance-related disorder” OR
“opioid addiction”
3. “chronic Pain” OR “pain” OR “hyperalgesia” OR “neuropathic pain”

Clinical Trials Registry through National Institutes for
Health = _____

“methadone” OR “suboxone” OR “Buprenorphine” OR “substitute opioid therapy” OR
“naltrexone” OR “heroin assisted treatment” OR “heroin adjustment therapy” AND “opioid
addiction” AND “chronic pain”, with additional criteria including: Completed studies, all
trials had to be listed as Phase 3, 4

World Health Organization International Clinical Trials
Registry Platform Search Portal = _________

“‘opioid addiction’ OR ‘opioid substitution treatment’ OR ‘opioid maintenance treatment’
OR ‘methadone maintenance treatment’” AND “chronic pain”

ProQuest Dissertations and theses Database = _____

“opioid addiction” OR “opioid dependence” AND “pain” OR “Chronic Pain”

Assessment of methodological quality

Two independent reviewers will assess the methodological quality of the studies in duplicate using a modified Newcastle Ottawa scale for case-control and cohort
studies [25], the NIH National Heart, Lung, and Blood
Institute: Quality Assessment Tool for Cross-Sectional
Studies [26], and the Cochrane Risk of Bias Tool [27] for
randomized controlled trials. As mentioned above, any
discrepancies between the independent reviewers will
first be resolved by discussion; if discussion does not lead
to an adequate solution, a third reviewer (Samaan, Z) will
be brought in with the responsibility of resolving the
dispute.
All summary estimates obtained from meta-analysis will be
subject to evaluation using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
guidelines [28]. Provided the data are appropriate, summary statistics derived for direct and indirect estimates
using NMA will also be subject to assessment using the
GRADE framework [29].
Statistical analysis methods

The results of this systematic review will be reported in
a narrative and where possible, a combined statistical
manner. Agreement levels between the independent reviewers will be measured using the kappa statistic. Provided there is little heterogeneity between studies, we
plan to conduct a meta-analysis to derive a summary
statistic representing the combined statistical result of
multiple studies across our primary outcome (illicit

opioid use behavior) and secondary efficacy end-points.
As described previously [30], the lack of direct comparisons reported in the literature is a common problem
when combining the evidence from studies evaluating
OSTs. The majority of studies evaluate new therapies in
direct comparison to methadone or placebo, leaving us
to question the comparative effectiveness compared to
other OSTs. To circumvent this problem, we are proposing using network meta-analysis (NMA) to provide the
pooled effect estimates of chronic pain mediating effects
on the primary outcome (illicit opioid use behavior) for
all OSTs.
Research methodologists highly caution against the
pooling of studies with fundamentally different designs,
[31,32] largely because of imbalanced susceptibility to
selection bias non-randomized studies face [31]. Thus,
we will combine the results of randomized and nonrandomized studies in separate meta-analyses.
Direct comparisons

We will perform a meta-analysis to pool results for our primary outcome as well as all secondary efficacy end-points.
Findings abstracted from direct comparisons will be pooled
together using a random-effect meta-analysis with KnappHartung (KH) estimator [33]. All analyses will be performed using the metafor and rmeta packages in R [34].
Dichotomous outcome(s) will be combined into a
pooled odds ratio, where continuous outcomes (for example, mean number of positive opioid urine screens
evaluated by chronic pain status) will be pooled using
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Figure 1 Flow diagram of article screening process.

the standardized mean difference. All direct comparisons
will be weighted using the inverse of the variance.
Results from studies deemed eligible for inclusion into
the meta-analysis will be presented in a forest plot, with
the associated 95% confidence intervals presented. We
will calculate and report the inconsistency index (I2)

statistics and P values as the measure of heterogeneity in
the results of the studies and whether the actual observed difference can be attributable to chance alone
[35]. We will interpret the I2 statistic using the thresholds set forth by the Cochrane Collaboration, these include I2 of 0% to 40% (might not be important), 30% to
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60% (moderate heterogeneity), 50% to 90% (substantial
heterogeneity), and 75% to 100% (considerable heterogeneity) [31]. The Egger’s test will be used to assess for
publication bias.
We anticipate a study’s scoring on methodological
quality assessment as well as differences in measurement
selection (for example, urine toxicology screening versus
self-report) to be important factors accounting for heterogeneity between studies. The methodological quality of individual studies will be captured using the Cochrane Risk
of Bias tool, Newcastle Ottawa Scale, and the NIH National
Heart, Lung, and Blood Institute: Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies.
Subgroup analyses will stratify on the basis of the study’s
performance on the risk of bias assessment. We will stratify
our analyses on the basis of Cochrane risk of bias responses, whereby studies will be characterized has having
an overall ‘high risk of bias’ if at least one domain on the
Cochrane risk of bias tool is rated as high risk. Thus, results of any study with ≥1 ‘high risk of bias’ rating across
domains will be considered at risk for confounding. For
observational studies, we will need to address risk of bias
according to the appropriate assessment tools, thus we will
not be able to use Cochrane risk of bias across all studies.
For cohort and case-control studies, any study with zero
stars in ≥1 section will be considered high risk of bias
based on the Newcastle Ottawa Scale. According to the
Newcastle Ottawa Scale, receiving stars indicates a lower
risk of bias. The lack of stars in any section indicates the
study has not addressed a possible source of confounding.
For cross-sectional studies rated with the NIH tool, any
study receiving a ‘fair’ or overall ‘poor’ quality rating will be
classified as high risk of bias and included for subgroup
analysis. We anticipate the studies with improper adjustment for important confounding variables to have high
susceptibility for confounded treatment effects.
We will also stratify our meta-analyses based on outcome measurement. A clear example of how measurement can influence the study results is noted with the
measurement of opioid use, where some studies use urine
toxicology screening to determine concomitant opioid
abuse and other studies use self-report. Self-report is susceptible to social desirability bias, where some patients
may be reluctant to report continued opioid abuse in an
effort to maintain a positive standing with physicians and
clinical staff. Thus, quality of measurement can contribute
to large difference in the study findings.
Acknowledging the impact of publication status as a potential source of bias, we will perform sensitivity analysis
to determine whether a study’s publication status impacts
the observed effect estimates. Studies in the gray literature
are not subject to the same level of scrutiny as those in
peer-reviewed journals. The peer review process leads to
the identification of potential sources of confounding and
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allows authors to re-perform their analyses by properly
adjusting for newly identified sources of error. Thus, some
of the unpublished literature may present different treatment effects simply due to the lack of external evaluation.
We will evaluate this potential concern by performing an
additional sensitivity analysis, stratifying our meta-analyses
by the articles publication status.
Combining direct and indirect evidence: the network
meta-analysis

Provided the data are suitable for NMA, we propose
building a Bayesian hierarchical model using maximum
likelihood estimation to derive summary statistics for
binary outcomes. This model will introduce a random
effect representing the variation in effect estimates
resulting from the comparison itself. Any variation in
the random effect will be considered ‘inconsistency’ [36].
This method allows for treatment heterogeneity, sampling variability, and inconsistency [36] while also applying maximum likelihood estimation [36].
Due to the fragility of the NMA, we propose selecting
the best evidence for inclusion into the model. Thus,
only evidence from randomized trials with ≥200 people
in the comparison will be selected for inclusion into the
NMA model. We set this sample size requirement to adjust for the high susceptibility of type I error in studies
evaluating multiple treatment outcomes.
We will use node splitting to identify inconsistency
[37,38], a method that identifies loops with large inconsistency. The inconsistency will be taken into consideration during the interpretation of the results. We will
also use the deviance information criterion (DIC) to estimate how parsimonious the data are [37].
Findings from the NMA will be presented using probability statements of treatment effects as well as a ranking
of these probabilities, which illustrates each interventions
probability of ranking first [39]. We will also graphically
display the probability ranks using the surface under the
cumulative ranking (SUCRA) line [39].
Methods for evaluating the clinical guidelines

To identify the most recently published North American
guidelines on opioid maintenance treatments, we will
search www.guidelines.gov. We will search using the
terms ‘opioid dependence, opioid addiction, and opioid
substitution treatment.’ We will also search the National
Institute for Health and Care Excellence (NICE) database to identify the most recently published guidelines
used by the National Health Service in the UK. We will
use pilot-tested data abstraction forms to extract data
on: the recommendations made by each guideline, the
strength of the recommendation, the evidence cited by
the guideline for each recommendation, whether the
guideline developers interpreted any clinical subgroup
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effects with caution, and whether the guideline discussed
the impact of pain on poor treatment response. We will
also quantitatively appraise the quality of the guidelines
using the Appraisal of Guidelines for Research & Evaluation II (AGREE) Instrument, a validated tool used for
guideline assessment [40,41]. We will use this tool to assess the transparency in the development of guideline
recommendations for chronic pain subpopulations.
However, the use of the AGREE II will be unjustified if
no formal recommendations are made for managing this
population.

Discussion
Understanding the impact of comorbid disorders on addiction treatment outcomes is essential for enhancing
evidence-based practices within the field of mental
health and addiction. This investigation will focus on determining the role that chronic non-cancer pain has on
the patient’s experience of opioid addiction treatment.
Acknowledging the complexity of comorbid pain management within the addiction treatment setting, we aim
to understand the extent to which chronic pain is related
to negative health outcomes including functional disability, physical difficulty, and mental health problems such
as depression and anxiety in the context of opioid addiction [10]. Determining the influence of chronic pain on
response to OST will require a detailed assessment
across several different patient important outcomes. This
review will capture the experience of treatment for a
substantive sub-population of opioid addiction patients.
If chronic pain truly does result in negative consequences for opioid addiction patients, it is important
that we identify which OST is most appropriate for
chronic non-cancer pain patients. We will also identify
how current evidence is translated into practice by thoroughly reviewing international guidelines for OST. We
aim to address how addiction treatment guidelines
propose managing patients with comorbid pain. This objective provides an opportunity to distinguish the best
quality guidelines and ultimately identify future areas for
improvement.
Abbreviations
DEF: Data extraction form; EMBASE: Excerpta Medica DataBase;
LAAM: Levomethadyl acetate; MMT: Methadone maintenance therapy;
NOS: Newcastle-Ottawa Scale; OST: Substitute opioid therapy;
PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses;
RCT: Randomized controlled trial; WHO: World Health Organization.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
BBD, MB, LT, ZS, JP, CP, MV, JD, DCM, DD, GP, and AW conceived the
research question and designed the review protocol. JP provided guidance
for the evaluation of pain measures in opioid-dependent populations. BBD
and MB performed the literature search, tested, and revised the electronic
search strategy, as well as designed and pilot tested the data extraction

Page 8 of 9

forms. BBD and LT designed the statistical analysis plan. BBD, MB, LT, JP, ZS,
CP, MV, JD, DCM, DD, GP, and AW contributed equally to writing and revision
of the manuscript. All authors read and approved the final manuscript.
Acknowledgements
The authors report no conflicts of interest. This work was supported by
Canadian Institutes of Health Research (CIHR) Drug Safety and Effectiveness
Network (DSEN) grant (grant number: 126639), Chanchlani Research Centre,
Population Genomics Program, and the Peter Boris Centre for Addiction, St.
Joseph’s Healthcare Hamilton. The funders had no role in study design and
conduct of the study; collection, management, analysis, and interpretation of
the data; and preparation, review, or approval of the manuscript. BBD and
MB are supported by the Intersections of Mental Health Perspectives in
Addictions Research Training (IMPART) fellowship funded by CIHR and the
British Columbia Centre for Excellence for Women’s Health. BBD holds the
David L. Sackett Scholarship.
Author details
1
Department of Clinical Epidemiology and Biostatistics, McMaster University,
1280 Main Street West, Hamilton, Ontario L8S4L8, Canada. 2Population
Genomics Program, Chanchlani Research Centre, 1280 Main Street West,
Hamilton, Ontario L8S4L8, Canada. 3McMaster Integrative Neuroscience
Discovery & Study (MiNDS) Program, McMaster University, 1280 Main Street
West, Hamilton, Ontario L8S4L8, Canada. 4Department of Anesthesia,
McMaster University, 1280 Main Street West, Hamilton, Ontario L8S4L8,
Canada. 5Canadian Addiction Treatment Centres, 13291 Yonge St #403,
Richmond, Hill, Ontario L4E4L6, Canada. 6Northern Ontario School of
Medicine, 935 Ramsey Lake Rd, Sudbury, Ontario P3E 2C6, Canada.
7
Department of Medicine, Hamilton General Hospital, 237 Barton St East,
Hamilton, Ontario L8L 2X2, Canada. 8Hamilton Health Sciences, Population
Health Research Institute, 237 Barton St East, Hamilton, Ontario L8L 2X2,
Canada. 9Departments of Pediatrics and Anesthesia, McMaster University,
1280 Main Street West, Hamilton, Ontario L8S4L8, Canada. 10St. Joseph’s
Healthcare Hamilton, Centre for Evaluation of Medicine, 50 Charlton Avenue
East, Hamilton, Ontario L8N 4A6, Canada. 11Biostatistics Unit, Father Sean
O’Sullivan Research Centre, St. Joseph’s Healthcare Hamilton, 50 Charlton
Avenue East, Hamilton, Ontario L8N 4A6, Canada. 12Department of Psychiatry
and Behavioral Neurosciences, McMaster University, 100 West 5th Street,
Hamilton, Ontario L8N 3K7, Canada. 13Peter Boris Centre for Addictions
Research, 100 West 5th Street, Hamilton, Ontario L8N 3K7, Canada.
Received: 28 January 2015 Accepted: 2 April 2015

References
1. Johannes CB, Le TK, Zhou X, Johnston JA, Dworkin RH. The prevalence of
chronic pain in United States adults: results of an Internet-based survey.
J Pain. 2010;11(11):1230–9.
2. Classification of chronic pain. Descriptions of chronic pain syndromes and
definitions of pain terms. Harold Merskey and Nikolai Bogduk (eds).
Prepared by the International Association for the Study of Pain,
Subcommittee on Taxonomy. Pain Supplement 1986, 3:S1-226. [http://www.
ncbi.nlm.nih.gov.libaccess.lib.mcmaster.ca/pubmed/3461421]
3. Chou R, Turner JA, Devine EB, Hansen RN, Sullivan SD, Blazina I, et al. The
effectiveness and risks of long-term opioid therapy for chronic pain: a systematic
review for a National Institutes of Health Pathways to Prevention Workshop. Ann
Intern Med. 2015;162(4):276–86.
4. Sullivan MD, Edlund MJ, Fan MY, Devries A, Brennan Braden J, Martin BC.
Trends in use of opioids for non-cancer pain conditions 2000-2005 in commercial
and Medicaid insurance plans: the TROUP study. Pain. 2008;138(2):440–9.
5. Starrels JL, Becker WC, Weiner MG, Li X, Heo M, Turner BJ. Low use of
opioid risk reduction strategies in primary care even for high risk patients
with chronic pain. J Gen Intern Med. 2011;26(9):958–64.
6. Starrels JL, Becker WC, Alford DP, Kapoor A, Williams AR, Turner BJ. Systematic
review: treatment agreements and urine drug testing to reduce opioid misuse
in patients with chronic pain. Ann Intern Med. 2010;152(11):712–20.
7. Chen LH, Hedegaard H, Warner M. Drug-poisoning deaths involving opioid
analgesics: United States. NCHS Data Brief. 1999;2014(166):1–8.
8. Volkow ND, McLellan TA. Curtailing diversion and abuse of opioid
analgesics without jeopardizing pain treatment. Jama. 2011;305(13):1346–7.

Dennis et al. Systematic Reviews (2015) 4:49

9.

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

Dart RC, Surratt HL, Cicero TJ, Parrino MW, Severtson SG, Bucher-Bartelson B,
et al. Trends in opioid analgesic abuse and mortality in the United States.
N Engl J Med. 2015;372(3):241–8.
Pohl M, Smith L. Chronic pain and addiction: challenging co-occurring disorders.
J Psychoactive Drugs. 2012;44(2):119–24.
Methadone maintenance treatment program standards and clinical guidelines.
In., 4th edn. Toronto Canada: The College of Physicians and Surgeons of Ontario;
2011.
Rosenblum A, Joseph H, Fong C, Kipnis S, Cleland C, Portenoy RK. Prevalence
and characteristics of chronic pain among chemically dependent patients in
methadone maintenance and residential treatment facilities. JAMA.
2003;289(18):2370–8.
Peles E, Schreiber S, Gordon J, Adelson M. Significantly higher methadone
dose for methadone maintenance treatment (MMT) patients with chronic
pain. Pain. 2005;113(3):340–6.
Dhingra L, Masson C, Perlman DC, Seewald RM, Katz J, McKnight C, et al.
Epidemiology of pain among outpatients in methadone maintenance
treatment programs. Drug Alcohol Depend. 2013;128(1-2):161–5.
Jamison RN, Kauffman J, Katz NP. Characteristics of methadone
maintenance patients with chronic pain. J Pain Symptom Manage.
2000;19(1):53–62.
Dennis BB, Samaan MC, Bawor M, Paul J, Plater C, Pare G, et al. Evaluation of
clinical and inflammatory profile in opioid addiction patients with comorbid
pain: results from a multicenter investigation. Neuropsychiatr Dis Treat.
2014;10:2239–47.
Lee M, Silverman SM, Hansen H, Patel VB, Manchikanti L. A comprehensive
review of opioid-induced hyperalgesia. Pain Physician. 2011;14(2):145–61.
Hay JL, White JM, Bochner F, Somogyi AA, Semple TJ, Rounsefell B. Hyperalgesia
in opioid-managed chronic pain and opioid-dependent patients. J Pain.
2009;10(3):316–22.
Peles E, Bodner G, Kreek MJ, Rados V, Adelson M. Corrected-QT intervals as
related to methadone dose and serum level in methadone maintenance
treatment (MMT) patients: a cross-sectional study. Addiction.
2007;102(2):289–300.
Krantz MJ, Kutinsky IB, Robertson AD, Mehler PS. Dose-related effects of
methadone on QT prolongation in a series of patients with torsade de
pointes. Pharmacotherapy. 2003;23(6):802–5.
Cao X, Wu Z, Li L, Pang L, Rou K, Wang C, et al. Mortality among methadone
maintenance clients in China: a six-year cohort study. PLoS One.
2013;8(12):e82476.
Bohnert AS, Ilgen MA, Trafton JA, Kerns RD, Eisenberg A, Ganoczy D, et al.
Trends and regional variation in opioid overdose mortality among veterans
health administration patients, fiscal year 2001 to 2009. Clin J Pain.
2014;30(7):605–12.
Trafton JA, Oliva EM, Horst DA, Minkel JD, Humphreys K. Treatment needs
associated with pain in substance use disorder patients: implications for
concurrent treatment. Drug Alcohol Depend. 2004;73(1):23–31.
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:b2700.
Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al.: The
Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized
studies in meta-analyses. Available from URL: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp 2009.
Health NIo: Quality assessment tool for observational cohort and cross-sectional
studies. In: Systematic Evidence Reviews and Clinical Practice Guidelines. Edited by
Health NIo: National Heart, Lung, and Blood Institute 2014.
Research Projects: Cochrane Risk of Bias tool [http://bmg.cochrane.org/
research-projectscochrane-risk-bias-tool]
Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE
guidelines: 1. Introduction - GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol. 2011;64(4):383–94.
Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M, et al.
GRADE guidelines: 8. Rating the quality of evidence - indirectness. J Clin
Epidemiol. 2011;64(12):1303–10.
Dennis BB, Naji L, Bawor M, Bonner A, Varenbut M, Daiter J, et al. The
effectiveness of opioid substitution treatments for patients with opioid
dependence: a systematic review and multiple treatment comparison
protocol. Syst Rev. 2014;3(1):105.

Page 9 of 9

31. Collaboration TC. The Cochrane Handbook for systematic reviews of
interventions version 5.1.0. 2011.
32. Navarese EP, Kozinski M, Pafundi T, Andreotti F, Buffon A, Servi SD, et al.
Practical and updated guidelines on performing meta-analyses of nonrandomized studies in interventional cardiology. Cardiol J. 2011;18(1):3–7.
33. Knapp G, Hartung J. Improved tests for a random effects meta-regression
with a single covariate. Stat Med. 2003;22(17):2693–710.
34. R: RDCT: R: A language for statistical computing. In. Vienna R Foundation
for Statistical Computing
35. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327(7414):557–60.
36. Lumley T. Network meta-analysis for indirect treatment comparisons. Stat
Med. 2002;21(16):2313–24.
37. Higgins J. Identifying and addressing inconsistency in network metaanalysis. In: Cochrane Comparing Multiple Interventions Methods Group
Oxford Training Event: 2013. Cochrane Collaboration. 2013. [http://cmimg.
cochrane.org/sites/cmimg.cochrane.org/files/uploads/S9-L%20Identifying%
20and%20addressing%20inconsistency%20in%20network%20meta-analysis.pdf]
38. Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed
treatment comparison meta-analysis. Stat Med. 2010;29(7–8):932–44.
39. Salanti G, Ades AE, Ioannidis JP. Graphical methods and numerical
summaries for presenting results from multiple-treatment meta-analysis: an
overview and tutorial. J Clin Epidemiol. 2011;64(2):163–71.
40. Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al.
AGREE II: advancing guideline development, reporting and evaluation in
health care. J Clin Epidemiol. 2010;63(12):1308–11.
41. Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al.
Development of the AGREE II, part 2: assessment of validity of items and
tools to support application. CMAJ Canad Med Assoc J = J de l’Assoc Med
Canadienne. 2010;182(10):E472–8.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

