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Abstract

Background and aims: Chronic non-cancer pain (CNCP) is one of the most common

causes of disability globally. Opioid prescribing to treat CNCP remains widespread,

despite limited evidence of long-term clinical benefit and evidence of harm such as prob-

lematic pharmaceutical opioid use (POU) and overdose. The study aimed to measure the

prevalence of POU in CNCP patients treated with opioid analgesics.

Method: A comprehensive systematic literature review and meta-analysis was under-

taken using MEDLINE, Embase and PsycINFO databases from inception to 27 January

2021. We included studies from all settings with participants aged ≥ 12 with non-cancer

pain of ≥ 3 months duration, treated with opioid analgesics. We excluded case–control

studies, as they cannot be used to generate prevalence estimates. POU was defined

using four categories: dependence and opioid use disorder (D&OUD), signs and symp-

toms of D&OUD (S&S), aberrant behaviour (AB) and at risk of D&OUD. We used a

random-effects multi-level meta-analytical model. We evaluated inconsistency using the

I2 statistic and explored heterogeneity using subgroup analyses and meta-regressions.

Results: A total of 148 studies were included with > 4.3 million participants; 1% of stud-

ies were classified as high risk of bias. The pooled prevalence was 9.3% [95% confidence

interval (CI) = 5.7–14.8%; I2 = 99.9%] for D&OUD, 29.6% (95% CI = 22.1–38.3%,

I2 = 99.3%) for S&S and 22% (95% CI = 17.4–27.3%, I2 = 99.8%) for AB. The prevalence

of those at risk of D&OUD was 12.4% (95% CI = 4.3–30.7%, I2 = 99.6%). Prevalence

was affected by study setting, study design and diagnostic tool. Due to the high hetero-

geneity, the findings should be interpreted with caution.

Conclusions: Problematic pharmaceutical opioid use appears to be common in chronic

pain patients treated with opioid analgesics, with nearly one in 10 experiencing depen-

dence and opioid use disorder, one in three showing signs and symptoms of dependence

and opioid use disorder and one in five showing aberrant behaviour.
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INTRODUCTION

Chronic non-cancer pain (CNCP), defined as pain which is not cancer-

related and which lasts for longer than 3 months, is one of the most

common causes of disability globally [1]. Population-based studies

have reported that almost one in five US adults and as many as one in

two UK adults suffer with the condition, which is often managed

in primary care settings [2, 3]. Despite limited evidence of long-term

clinical benefit of opioids for CNCP and guidelines advising against

their use for many pain conditions [4, 5], opioid analgesics continue to

be widely prescribed (almost 31% of CNCP patients are prescribed

opioids world-wide) [6]. In UK primary care patients, large increases in

opioid prescriptions were observed from 2006 to 2017, including a

five-fold increase in codeine prescriptions and a 30-fold increase in

oxycodone prescriptions [7]. Nearly 6 million adults in England were

dispensed an opioid pain medicine from 2017 to 2018 [8].

Long-term opioid prescribing has been associated with many

harms, including accidental and fatal prescription opioid overdose,

problematic pharmaceutical opioid use (POU) and transition to illicit

use [9–11]. In the United States, overdose deaths caused by prescrip-

tion opioid analgesics, illicit opioids such as heroin and synthetic opi-

oids such as fentanyl contribute to a ‘triple wave epidemic’ which has

been described as an opioid ‘crisis’ and declared as a public health

emergency by the US Department of Health and Human Services

[12, 13]. There is increasing concern in the United Kingdom regarding

opioid use due to the widespread prescribing of opioids for CNCP and

the increase in opioid-related fatalities [14]. Nearly 50% of all fatal

overdoses included opioids (illicit heroin and morphine), and opioid-

related hospitalizations increased by almost 50% in the decade from

2008 to 2018 [14]. A study comparing opioid use and related adverse

effects among 19 European countries and the United States found

that the United Kingdom had the highest consumption of prescription

opioids, with the highest rates of opioid-related hospital admissions

and overdose deaths observed in Scotland [15]. As there is less evi-

dence that widespread opioid prescribing in the United Kingdom has

directly led to addiction or been implicated in deaths, caution

has been expressed about referring to the United Kingdom situation

as an opioid ‘epidemic’ [16]. However, the Scottish Government

declared opioid-related deaths as a public health emergency in

2021 [17]. Clinicians and policymakers need to have accurate esti-

mates showing that the prevalence of POU in CNCP as POU, includ-

ing opioid dependence and opioid use disorder, is associated with

significant harms to individuals, families and society and is a huge pub-

lic health burden [18]. An appreciation of the size of the problem is

important to motivate and implement prevention strategies. These

may include preventing initial exposure to opioids by use of other pain

management interventions, clinician and patient education regarding

opioids and caution with initiating opioid prescribing, screening and

monitoring for opioid use disorders to enable early identification of

individuals with POU and use of effective OUD treatment such as

medications and behavioural therapy [19]. Other preventive strategies

may focus on harm reduction such as the use of naloxone to prevent

overdose deaths [18, 19].

Previous systematic reviews and meta-analyses aimed at

estimating the prevalence of POU in CNCP patients have significant

limitations [10, 20–25]. A major limitation is the inconsistency in

defining POU with the use of multiple definitions and terminology

(such as misuse, abuse, addiction, dependence, opioid use disorder,

problematic use and aberrant behaviour). Although some of these

terms (dependence, opioid use disorder, abuse) have been precisely

defined in publications such as the Diagnostic and Statistical Manual

(DSM) of Mental Disorders and the International Classification of Dis-

eases (ICD), there is variation in how POU is classified throughout

DSM and ICD editions [26, 27]. Other POU terms (misuse, addiction,

problematic use, aberrant behaviour) are more imprecisely defined.

Additional limitations include the small number of studies included in

reviews and the lack of robustness of data aggregation using disparate

and inconsistent POU definitions. This has resulted in huge variation

in the reported prevalence rates for POU in CNCP, with rates ranging

from almost negligible to more than 80% [10, 20–25]. A more accu-

rate estimate of prevalence of POU in CNCP patients is required, as

this is important for clinicians and policymakers to gauge the true

extent of the problem, inform prescribing decisions and take appropri-

ate action, including developing and implementing effective interven-

tions to prevent and manage POU. In this review we aim to more

robustly estimate the prevalence of POU in CNCP patients treated

with opioid analgesics.

METHODS

Search strategy and selection criteria

In this systematic review and meta-analysis, inclusion criteria were

adults and children aged ≥ 12 years and patients with a diagnosis of

CNCP (defined as non-cancer pain of 3 months’ duration or longer)

who were prescribed or treated with prescription opioid analgesics.

Studies in mostly or wholly paediatric populations (mean age

< 18 years or small numbers of adult participants) or which focused

solely upon use of illicit opioids and non-medical use of opioid analge-

sics were excluded. A comprehensive range of study designs was

included as follows: cohort studies, longitudinal studies, cross-

sectional studies (surveys), registry-based studies (e.g. claims data),

incidence studies, retrospective chart reviews and other types of stud-

ies such as studies validating screening instruments and intervention

studies which also measured POU, such as drug dependence/misuse

or drug abuse liability. Case–control studies were excluded as the

study design precludes the estimation of incidence or prevalence

rates. Data were collected from a range of different settings, including

primary care, pain clinics and other outpatient clinics, emergency

departments, prescription databases, patient registries and toxicology

databases. We included studies if they reported any POU, which was

described in various ways in the literature, as follows: aberrant behav-

iour [28], abuse [29], addiction [30], substance dependence [29,

31, 32], misuse [30] and substance use disorder [33] (Supporting

information, Table S1).
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Electronic databases, including MEDLINE, Embase and Psy-

cINFO via Ovid platform, were searched from their respective

inception dates to 27 January 2021, with no language restrictions.

Cited reference searches of selected and key articles were also

searched to identify further papers for inclusion. The search

strategy is provided in the Supporting information, Appendix,

pp. 4–11.

For each study, two independent reviewers carried out a title and

abstract screen based on the inclusion and exclusion criteria.

Reviewers met to discuss and resolve any discrepancies which arose

T AB L E 1 Definitions of the four problematic pharmaceutical opioid use (POU) categories used in this analysis.

Definition

Dependence and Opioid Use

Disorder

This category includes Dependence and Opioid Use Disorder (D&OUD) identified among study participants using

Diagnostic and Statistical Manual of Mental Disorders (DSM) or International Classification of Disease (ICD) diagnostic

criteria/codes for opioid dependence or opioid use disorder as follows:

Substance Use Disorder/Opioid Use Disorder

Please see Supporting information, Table S1 for the definition of substance use disorder in the Diagnostic and

Statistical Manual of Mental Disorders, 5th edition (DSM-5) [33]

Substance Dependence/Opioid Dependence

There are multiple definitions of dependence which vary across different editions of the DSM and ICD as follows:

DSM-III. A, Either pathological use or impairment in social or occupational functioning; B, either tolerance or

withdrawal

DSM-III-R. A, 3 of 9 symptoms; symptoms have equal weight; B, duration of symptoms for at least 1 month of

symptoms occurred repeatedly over a longer period of time. Symptoms include:

• Taking substance in larger amount or over longer period than intended

• Persistent desire of unsuccessful efforts to cut down or control use

• Spending a great deal of time to get or use the substance, or recover from its after-effects

• Frequent intoxication or withdrawal when expected to fulfil major obligations

• Giving up activities for substance use

• Continuing to use despite problems

• Tolerance

• Withdrawal

• Using substance to relieve or avoid withdrawal symptoms

DSM-IV: Dependence is defined as the presence of three or more of the following criteria in a 12-month period:

tolerance; withdrawal; increasing use over time; persistent or unsuccessful attempts to reduce use; preoccupation or

excessive time spent on use or recovery from use; negative impact on social, occupational or recreational activity and

continued use despite evidence of it causing psychological or physical problems

ICD-10: Dependence is defined as a cluster of physiological, behavioural and cognitive phenomena that develop after

repeated substance use and that typically include a strong desire to take the drug; difficulties in controlling its use;

persisting in its use despite harmful consequences; increased tolerance and sometimes a physical withdrawal state

ICD-11: Please see Supporting information, Table S1 for the definition of substance/opioid dependence using the ICD-

11 diagnostic criteria [32]

Signs and symptoms of

D&OUD

In this category, multiple behaviours indicative of D&OUD are shown by study participants without specific use of

DSM or ICD diagnostic codes to identify D&OUD. It is differentiated from the category of aberrant behaviour (see

below) by the clear presence of behaviours such as craving, tolerance, withdrawal or a loss of control over use (for

example continued use despite psychological or physical harm or use which takes priority over usual obligations)

Diagnostic tools or methods of assessment included clinical judgement, self-assessment with questionnaires, structured

interviews (including adapted questions of the World Health Organization’s Composite International Diagnostic

Interview (WHO CIDI), use of the abuse index, Current Opioid Misuse Measure (COMM), Portenoy’s criteria,
Prescribed Opioids Difficulties Scale (PODS), Prescription Opioid Misuse and Abuse Questionnaire (POMAQ),

Prescription Drug Use Questionnaire (PDUQ), Drug Misuse Index (DMI).

Aberrant behaviour In this category, study participants show one or more examples of aberrant behaviour, such as inappropriate drug-

seeking behaviour, seeking early refills, repeated dose escalations, frequently lost prescriptions, seeking drugs from

multiple providers and positive or inappropriate urinalysis/urine drug screens

These behaviours do not meet threshold for dependence or opioid use disorder (for example there is the absence of

craving, tolerance, withdrawal, ongoing use despite physical harm or exacerbation of psychological problems)

Diagnostic tools or methods of assessment included clinical judgement, structured interview, self-report, UDT, Pain

Medication Questionnaire (PMQ), Aberrant Drug Behaviour Index (ADBI), Chabal criteria, insurance claims,

questionnaires, Prescription Opioid Misuse Index (POMI), Screener and Opioid Assessment for Patients with Pain

(SOAPP) and the revised version (SOAPP- R), dose escalation, opioid misuse score.

At risk of D&OUD In this category study participants exhibit characteristics which may increase their risk of developing opioid

dependence or opioid use disorder in the future, however, they do not show aberrant behaviour or meet criteria for

dependence or opioid use disorder

Diagnostic tools included clinical judgement, structured interviews and questionnaires including the Opioid Risk Tool

(ORT).
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at team meetings. A full text review of the studies retained at this

stage was undertaken by two independent reviewers.

The protocol for this study is registered in the PROSPERO data-

base (CRD42019132364). The systematic review is reported in accor-

dance with the Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA) guidelines [34].

Data extraction

Data from the included studies were extracted by the team of

reviewers onto a standardized data extraction form. All extracted data

were checked by an independent reviewer to ensure the accuracy of

data extraction. Queries were noted, discussed and resolved at team

meetings.

The following data were extracted: title, authors, year of publica-

tion, study design, study location, setting, overall sample size, popula-

tion studied, type and duration of CNCP, sample demographics,

treatment duration, type of prescribed opioids, authors’ classification
of POU, measurement or diagnostic tools and methods of assessment

used to establish POU (see Lawrence et al. (2017) for a detailed

review of validated measurement tools [35] and the next section for

definitions and categorization), prevalence rate of problematic opioid

use and the numerators and denominators used to calculate

F I GU R E 1 Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) flow diagram for study records.
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prevalence estimates. We contacted authors of studies for further

clarification or to obtain non-published data.

We extracted the definitions of POU reported by the study

authors. We used similar methodology to Vowles et al. (2015), and

extracted and recorded prevalence rates for POU to one decimal

place [25]. Where a study reported multiple rates for a single POU

outcome we recorded all estimates. If prevalence rates were not

explicitly reported within the manuscripts, we calculated the rates

manually.

Data analysis

We defined four categories of POU as follows: (i) dependence and

opioid use disorder (D&OUD) identified using diagnostic codes,

(ii) signs and symptoms of D&OUD, (iii) aberrant behaviour and (iv) at

risk of D&OUD (Table 1). Four reviewers were involved in categoriz-

ing POU outcomes. Reviewers dealt with disagreements regarding

categorization of POU outcomes via multiple discussions until consen-

sus was reached. Details of the definitions used by study authors for

each outcome and their subsequent categorizations are provided in

the Supporting information, Appendix, pp. 31–86.

We assessed risk of bias using 10 items addressing four

domains of bias (selection bias, non-response bias, measurement

bias and analysis bias) by Hoy et al. (2012) [36], plus a summary risk

of bias assessment (the rater’s subjective judgement based on

responses to the preceding items). Items were scored as ‘yes’ (low

risk) or ‘no’ (high risk) and the summary risk of bias was assessed as

‘low’, ‘moderate’ or ‘high’ based on whether further research was

very unlikely (low), likely (moderate) or very likely (high) to have an

important impact on our confidence in the estimate and to

change it.

As some studies reported multiple prevalence results for the same

outcome, we followed a strategy by López-López et al. (2018) using a

convergent and integrative approach to meta-analysis [37]. Specifi-

cally, we used a multi-level meta-analytical model described by

Konstantopoulos (2011) [38], which included random effects at both

study and measurement levels. As some studies reported multiple

prevalence results within the same pools of participants using differ-

ent measurement tools or criteria, we assumed prevalence estimates

within studies are correlated and incorporated this within the model.

Prevalence results were logit-transformed before applying the synthe-

sis model, and then back-transformed and reported in percentages for

ease of interpretation. We applied cluster-robust inference methods

to minimize potential misspecification of the model [39, 40]. The I2

statistic was used to quantify inconsistency [41]. We calculated the

overall I 2 statistic using the between- and within-cluster heterogene-

ities proposed by Nakagawa & Santos (2012) [42]. To aid the

F I GU R E 2 Prevalence of all problematic opioid use outcomes. Squares represent mean pooled prevalence estimates and error bars represent
95% confidence intervals. Grey bar across the square and error bars shows 95% prediction intervals.
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F I GU R E 3 Forest plot of Dependence and Opioid Use Disorder. Squares represent mean prevalence estimates and error bars represent 95%
confidence intervals of each result from studies. Diamond shows the mean pooled estimate and the 95% confidence intervals. Grey bar across
the diamond shows 95% prediction intervals. Risk of bias (ROB); red: high, yellow: moderate, green: low.
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F I GU R E 4 Forest plot of signs and symptoms of Dependence and Opioid Use Disorder. Squares represent mean prevalence estimates and
error bars represent 95% confidence intervals of each result from studies. Diamond shows the mean pooled estimate and the 95% confidence
intervals. Grey bar across the diamond shows 95% prediction intervals. Risk of bias (ROB); red: high, yellow: moderate, green: low.
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interpretation of heterogeneity we also present prediction inter-

vals [43] and between-study variances in the forest plots. All models

were fitted using restricted maximum likelihood estimation. The

detailed statistical model is presented in the Supporting information,

Appendix, p. 30.

We carried out subgroup analyses and evaluated potential

sources of heterogeneity between studies by adding potential moder-

ators as fixed effects to the multi-level model. We used meta-

regression models to examine the influence of potential moderators

(mean age, sex (proportion female), ethnicity (proportion white), publi-

cation year, study design (cohort, cross-sectional, interventional, ret-

rospective chart review, other), study location (Asia, Australasia,

Europe, Middle East, North America, multiple), setting (pain clinic, pri-

mary care, registry/database, secondary and tertiary care, emergency

department, mixed setting), duration of pain [short (< 1 year), medium

(1–4 years), long (> 4 years)], diagnostic criteria/method of assess-

ment and overall risk of bias (low, moderate, high) on the size of the

mean prevalence. We also analysed subordinate components of

the risk of bias according to Migliavaca et al. (2020) in binary (yes/no)

categories as follows: appropriate definition of condition, appropriate

sampling, appropriate measurements, appropriate response rate,

appropriate follow-up length, appropriate data collection and appro-

priate statistics [44].

Sensitivity analyses were carried out by altering the assumption

of interdependency between prevalence results within studies and

using Freeman–Tukey double arcsine transformation. Sensitivity ana-

lyses were not conducted on risk of bias due to the very low number

of studies rated as having high risk of bias. All analyses were carried

out in R statistical computing software, version 4.3.0 using the meta-

for, clubSandwich and ggplot2 packages [45–47].

RESULTS

Figure 1 provides the flow-chart for our screening process. We identi-

fied 8447 records from database searching and other sources. A total

of 5861 records were screened for inclusion; 5278 were excluded at

title and abstract stage (due to reasons such as wrong study design-

treatment studies, acute postoperative studies, opinion pieces, general

surveys, single case reports), with 583 reviewed at full text. A total of

148 studies (reported in 148 publications) were included in the final

review [48–195], in the Supporting information, Appendix, pp. 12–21.

Four publications reported data for more than one study [89,

134, 162, 173], while data from three studies were reported in multi-

ple publications [83, 84, 96, 129, 137, 139, 140]. Our searches also

retrieved multiple publications associated with the Pain and Opioids

in Treatment (POINT) cohort study [26, 27, 65, 196–200]. For the

POINT study, we used data obtained directly from study authors in

our analyses.

Study characteristics are reported by study in the Supporting

information, Appendix, Table S2. Most studies had a cohort or cross-

sectional study design (66 and 57 studies, respectively). There were

six interventional studies. Most studies (115/148) were conducted in

the United States, with 24 in Europe (including five in the

United Kingdom, three in France and four each for Spain and

Germany), two in Australia and seven in other countries. Fifty-four

studies were carried out in pain clinics, 28 in primary care and there

were 23 registry/database studies.

Overall, 4 301 910 participants were included, with study size

ranging from 15 to 2 304 181. There was variability in the reporting

of demographic data, with 75% reporting mean or median data for

age, 93% reporting sex and 51% reporting participants’ ethnicity; 69%
of studies provided information on the type of pain, 76% on the dura-

tion of pain and 56% on specific prescription opioids used.

One hundred and nine (74%) studies were classified as low risk of

bias, with 25% considered to be at moderate risk of bias and 1% clas-

sified as high risk of bias. Most studies classified as moderate or high

risk of bias did not have a sample representative of the national popu-

lation, did not use an acceptable case definition, did not use a study

instrument shown to have validity and reliability and did not report an

appropriate length of the prevalence period for the parameter of

interest (duration of chronic pain).

The frequency tables of reported prevalence results and studies

are presented in the Supporting information, Appendix, p. 87, Tables

S7–S10. A summary forest plot of the prevalence estimates by out-

come using the logit transformation is shown in Figure 2. Forest plots

for each POU outcome by study and overall risk of bias assessment

and including prediction intervals are reported in Figures 3–6.

Forty-three studies reported D&OUD (62 prevalence estimates,

sample size n = 2 691 475). The pooled prevalence of D&OUD was

9.3% [95% confidence interval (CI) = 5.7–14.8; I 2 99.9%; Figure 3].

Diagnostic tool (method of assessment) was a strong predictor of

prevalence (Supporting information, Appendix, pp. 99–100, Table

S19). Subgroup analyses by ICD or DSM diagnostic tool (Supporting

information, Appendix, p. 108, Figure S14) showed the lowest DOUD

prevalence rates when ICD-9 and ICD-10 codes were used; these

were 3% (95% CI = 1.7–5.3; I2 97.2%) and 2.4% (95% CI = 0.2–26.3;

I2 99.7%), respectively. Higher prevalence rates were observed using

DSM-III (9.9%, 95% CI = 4.6–19.8; I 2 94.9%), DSM-IV (13.1%, 95%

CI = 5.5–28.2; I2 99.4%) and DSM-5 (36.7%, 95% CI = 21.0–55.9; I2

97.6%). In addition to the method of assessment used, we found sig-

nificant differences in the prevalence of DOUD according to study

setting, study design and two components of the risk of bias

assessment—appropriate response rate and appropriate data collec-

tion. The highest prevalence rates were seen in pain clinics (29.2%,

95% CI = 13.1–53.0; I2 98.9%) and mixed settings (31.0%, 95%

CI = 7.2–72.4; I 2 98.4%) and the lowest observed in registry/database

studies (1.9%, 95% CI = 1.0–3.5%; I2 98.8%). Studies which were

assessed as not having an appropriate response rate on the risk of bias

tool reported higher prevalence than those with an appropriate

response rate (Supporting information, Appendix, p. 109, Figure S15);

the converse was seen for those studies which reported appropriate

data collection versus those that did not (Supporting information,

Appendix, p. 110, Figure S16).

Forty-four studies reported signs and symptoms of D&OUD

(55 prevalence estimates, sample size n = 58 479). The pooled
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prevalence of signs and symptoms of D&OUD was 29.6% (95%

CI = 22.1–38.3; I2 99.3%; Figure 4). The method of assessment or

diagnostic tool used strongly influenced prevalence rates; the highest

rates were seen with the three different cut-offs using the COMM

tool (Supporting information, Appendix, p. 113, Figure S20). Study set-

ting, publication year and the appropriate measurements component

of the risk of bias assessment also contributed significantly to the

observed heterogeneity in the prevalence of signs and symptoms of

DOUD (Supporting information, Appendix, Table S20). The highest

rates were seen in on-line settings, emergency departments and in pri-

mary care (Supporting information, Appendix, p. 112, Figure S19).

Low rates were observed in other settings and where the setting was

not specified. Studies with higher scores on the risk of bias assess-

ment related to appropriate measurements reported higher preva-

lence estimates than those with a lower score (Supporting

information, Appendix, p. 114, Figure S21).

Seventy-nine studies reported aberrant behaviour (144 prevalence

estimates, n = 1 180 289). The pooled prevalence of aberrant behav-

iour was 22% (95% CI = 17.4–27.3; I2 99.8%; Figure 4). We found

some evidence of a significant difference in prevalence of aberrant

behaviour according to study design and diagnostic tool (Supporting

information, Appendix, pp. 103–104, Table S21), albeit weaker than

for DOUD and signs and symptoms of DOUD. The highest rates were

reported in cross-sectional studies (Supporting information, Appendix,

p. 115, Figure S22) and those using the Screener and Opioid Assess-

ment for Patients with Pain (SOAPP) tool (cut-off ≥ 7) and the Pain

Medication Questionnaire (PMQ) (≥ 22), in the Supporting informa-

tion, Appendix, p. 116, Figure S23. There was also some evidence for

a significant effect of two components of the risk of bias assessment

(Supporting information, Appendix, pp. 117–118, Figures S24 and

S25), appropriate sampling (highest prevalence reported for those

studies which scored the lowest on the checklist, in the Supporting

information, Appendix, Figure S24) and appropriate follow-up length

(highest prevalence for those studies which did not have an appropri-

ate follow-up length, in the Supporting information, Appendix, Figure

S25).

Eight studies assessed the prevalence for at-risk of D&OUD

(10 prevalence, estimates, n = 26 876). The pooled prevalence was

12.4% (95% CI = 4.3–30.7; I 2 99.6%; Figure 5). We did not find any

evidence for a significant difference in the prevalence of at-risk of

D&OUD for any of the potential moderators investigated (Supporting

information, Appendix, pp. 105–106, Table S22).

Sensitivity analyses using different transformation models

(Supporting information, Appendix, pp. 93–94, Tables S15–S18)

showed an impact of these on the results of the meta-analyses. As the

differences in the prevalence estimates were minimal across the two

transformation methods, the differences are likely to be explained by

differences in the sampling variances for the different transforma-

tions, leading to different heterogeneity variance estimates and

therefore different study weights in the meta-analysis (Supporting

information, Appendix, pp. 95–96, Figures S5–S8). In contrast, the

interdependency assumption had little impact on the pooled

prevalence estimates (Supporting information, Appendix, pp. 97–98,

Figures S9–S12).

F I GU R E 5 Forest plot of aberrant behaviour. Squares represent
mean prevalence estimates and error bars represent 95% confidence
intervals of each result from studies. Diamond shows the mean
pooled estimate and the 95% confidence intervals. Grey bar across
the diamond shows 95% prediction intervals. Risk of bias (ROB); red:
high, yellow: moderate, green: low.
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DISCUSSION

Principal findings

The prevalence of POU is high with almost one in 10 people identified

as D&OUD using diagnostic criteria or at risk of D&OUD, one in three

showing S&S of D&OUD and one in five showing aberrant behaviour.

However, there was considerable heterogeneity between studies

across outcomes and variation in relation to classification and mea-

surement of outcomes. Several moderators, including diagnostic tool

(or method of assessment), study setting and specific items on the risk

of bias tool, were found to be associated with the pooled prevalence

estimates. The evidence was predominantly from North American

studies and high-income countries, and we did not detect consistent

differences by study location.

Strengths and weaknesses

A major strength of this study is the comprehensive search for studies,

which resulted in the inclusion of 148 studies and more than 4.3 mil-

lion patients in the final review. The largest previous review, by

Vowles et al. (2015) [25], included 38 studies and a little over 1 million

participants [10, 20–25]. There was huge variability in studies report-

ing POU due to the interchangeable use of terms such as abuse,

dependence, addiction and misuse by study authors and the lack of

consistency in the definitions of POU identified using the same mea-

surement tool. Unlike Vowles et al. (2015), who re-categorized study

outcomes as misuse, abuse and addiction, most of the previous

reviews summarized results based on study authors’ definitions.

Therefore, the second main strength of this study is our attempt to

address this variability by categorizing POU more robustly. Thirdly, we

carried out subgroup analyses and meta-regression for multiple fac-

tors, including the measurement or diagnostic tool used to identify

POU, to explore some of the observed heterogeneity.

There are several limitations. A single study (Baser et al., 2014) [56],

contributed to 54% of the entire sample. Few studies were reported

from lower- and middle-income countries, with no data available from

Africa, South America or the Caribbean. This may explain the lack of

geographical differences found among the studies. Another limitation is

the lack of clear evidence on the generalizability of the prevalence esti-

mates and the extent to which they can be extrapolated to other popu-

lations. Fourthly, although we carried out random-effects meta-analyses

to capture uncertainty resulting from heterogeneity among studies, our

pooled analyses showed extremely high inconsistency (shown by I2)

and heterogeneity (shown by prediction intervals within the forest

plots). This variability among studies may limit the generalizability and

reliability of the findings and further underscores the need for caution

when interpreting the results. The high levels of inconsistency persisted

within subgroups even when the same method of assessment was used.

Our exploration of heterogeneity using meta-regression and subgroup

analyses found significant evidence that moderators such as study

F I GU R E 6 Forest plot of at risk of Dependence and Opioid Use Disorder (D&OUD). Squares represent mean prevalence estimates and error
bars represent 95% confidence intervals of each result from studies. Diamond shows the mean pooled estimate and the 95% confidence
intervals. Grey bar across the diamond shows 95% prediction intervals. Risk of bias (ROB); red: high, yellow: moderate, green: low.
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T AB L E 2 Comparison of findings throughout systematic reviews of studies reporting problematic opioid use outcomes in chronic non-cancer
pain patients.

Current study

Noble et al.

2008

Morasco et al.

2011

Minozzi et al.

2013

Chou et al.

2015

Vowles et al.

2015

Higgins et al.

2018

Population Patients with

chronic non-

cancer pain

prescribed

opioids

Patients with

chronic non-

cancer pain

treated with

opioids for ≥

6 months

Patients with

chronic non-

cancer pain

Patients

receiving

treatment with

strong opioids

for acute or

chronic pain

due to any

physical

condition

Patients with

chronic pain

receiving long-

term opioid

therapy ≥

3 months

Patients with

chronic non-

cancer pain

using opioids

orally

Patients with

pain who were

exposed to

opioid analgesic

therapy

Abuse Not reported 0.43%. Two

studies

included. Abuse

not clearly

defined, based

on study

authors’
reporting. Lack

of clarity and

inconsistency

of reporting of

abuse

Not reported Not reported 0.6–8%. Varied

measurement

of outcome.

Three studies

8%. Varied

measurement

of outcome.

One study

4.7%

(range = 0.2–
34.2%)*.

Clinical

diagnosis of

opioid

dependence or

abuse disorder,

established in

studies by the

use of DSM or

ICD criteria or

clinician

assessment. 12

studies

Addiction Not reported 0.042%. Seven

studies

included.

Addiction not

clearly defined,

based on study

authors’
reporting. Lack

of clarity and

inconsistency in

reporting of

addiction

Not reported Not reported 2–14%. Varied

measurement

of outcome.

Seven studies

8–12%.

(95% CI = 3–
17%). Varied

measurement.

12 studies

Not reported

Dependence† 9.3%. D&OUD

defined using

diagnostic

codes (95%

CI = 5.7–
14.8%)

29.6%. S&S of

D&OUD

(95%

CI = 22.1–
38.3%)

Not reported Not reported Median = 4.5%

(range = 0–
31%)

Median = 0.5%

(range = 0–
24%)*

17 studies

included, 15

studies

included only

patients with

non-cancer

pain. 14 studies

included only

adult patients

with choric

pain. DSM-IV

or ICD-10

categories used

to define

dependence

3–26%. Varied

measurement

of outcome.

Three studies

Not reported 4.7%

(range = 0.2–
34.2%)* Clinical

diagnosis of

opioid

dependence or

abuse disorder,

established in

studies by the

use of DSM or

ICD criteria or

clinician

assessment. 12

studies

(Continues)

PROBLEMATIC OPIOID ANALGESIC USE 11



design, study setting and diagnostic tool/method of assessment

impacted upon prevalence estimates. The heterogeneity caused by

diagnostic tool may be explained by the variations in the definitions

used by different DSM and ICD editions. For example, whereas the

DSM-IV defined dependence and abuse as separate POU outcomes,

DSM-5 combined these two definitions into a single classification of

opioid use disorder [201]. Additionally, the definition for dependence in

DSM-IV differed from the ICD definitions for dependence [202]. Study

setting was also an important moderator; the lowest prevalence of

D&OUD was observed in registry/database settings, with the highest

prevalence observed in pain clinics, on-line and in mixed settings. With

the exception of three studies [65, 116, 160], most of the studies

reporting D&OUD using ICD codes were also registry/database studies;

therefore, it is possible that the lower prevalence for D&OUD reported

using ICD codes may be due to under-reporting or under-diagnosis of

patients based on clinical notes or algorithms in registry/database stud-

ies compared with active identification in other settings.

A fifth limitation is the inclusion of studies which considered

aberrant behaviours of study participants as POU, despite issues with

how some included studies used and conceptualized this term.

Although aberrant behaviours may indicate a problematic relationship

with prescription opioids, other contextual factors may influence the

likelihood of these behaviours. For example, missed clinic visits, no-

shows or no follow-up may be associated with other social issues or

disability, and not reflect POU. Whereas an inappropriately positive

urine drug test for the presence of other opioids may indicate problem

use, a negative test may indicate medication non-adherence or diver-

sion. Other aberrant behaviours, such as early refills or multiple pre-

scriptions, may be indicative of inadequate pain control. Despite these

shortcomings, we felt that it was still important to include a

T AB L E 2 (Continued)

Current study
Noble et al.
2008

Morasco et al.
2011

Minozzi et al.
2013

Chou et al.
2015

Vowles et al.
2015

Higgins et al.
2018

Substance

use disorder†
9.3%- D&OUD

diagnostic

codes (95%

CI = 5.7–
14.8%)

29.6%. S&S of

D&OUD

(95%

CI = 22.1–
38.3%)

Not reported 3–43%
(current). Four

studies

included-

prescribed

opioids. SUD

defined using

investigators’
operational

definitions for

categorization

and included

positive urine

screens for

illicit

substances, self

-reported

history of SUD,

medical record

documentation

of SUD status,

responses on

validated self-

report

measures as

well as

structured

clinical

interviews or

diagnostic

interviews

Not reported Not reported Not reported 4.7%

(range = 0.2–
34.2%)*.

Clinical

diagnosis of

opioid

dependence or

abuse disorder,

established in

studies by the

use of DSM or

ICD criteria or

clinician

assessment. 12

studies

Misuse Not reported Not reported Not reported Not reported 8–16%, varied

measurement

of outcome.

Seven studies

21–29% (95%

CI = 13–38%).

Varied

measurement

of outcome. 29

studies

Not reported

Abbreviation: SUD = Substance Use Disorder.

*Incidence rates are reported instead of prevalence rates. †In our analysis substance dependence is combined with Opioid Use Disorder. Rates for

Dependence and Opioid Use Disorder (D&OUD) identified using diagnostic criteria and signs and symptoms (S&S) of D&OUD are included.
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prevalence estimate of aberrant drug-related behaviours to aid under-

standing of the extent of the problem of POU in this cohort of

patients.

A final limitation is the inclusion of a category of POU for those at

risk of D&OUD. Studies which used a high score (≥ 8) on the Opioid

Risk Tool (ORT) to define POU, and which were originally classified as

misuse by study authors, were included in this category. However, it is

likely to be a very weak indicator of actual POU or D&OUD.

Comparison to other studies

It is important to compare our findings with the results of previous

reviews. Voon et al. (2017) [24] carried out a review of reviews to syn-

thesize evidence from previous systematic reviews [5, 10, 22,

23, 25, 203] on the epidemiology of chronic pain and prescription opi-

oid misuse [abuse, addiction, dependence, misuse and substance use

disorder (SUD)]. The results of this review updated with our study find-

ings are presented in Table 2, together with the findings of other

reviews which reported other POU outcomes not analysed in this

review (abuse, addiction, misuse). Estimates were not reported from

Kalso et al. (2004) due to small sample sizes and short duration of

follow-up [5]. Findings from Higgins et al. (2018) [20] are also included

in the table, although their results are not directly comparable with the

other reviews as incidence rates were reported. Our pooled prevalence

for dependence was within the ranges reported by Minozzi et al.

(2013) [22] and Chou et al. (2015). Only one other study reported SUD

(Morasco et al. 2011) [23]. The authors reported a range of 3–48%

However, the review is not directly comparable to ours due to varia-

tions in the method of assessment. The authors relied upon the opera-

tional definitions that the study investigators used to categorize SUD

and did not re-classify POU outcomes. Their SUD category included

self-reported history of SUD, documentation from medical records of

SUD and positive urine drug screens for illicit substances (which we

considered to be aberrant behaviour), in addition to validated self-

report measures and structured clinical or diagnostic interviews.

CONCLUSIONS AND FUTURE RESEARCH

Our study has strengthened the evidence base regarding the com-

monality of POU in CNCP patients treated with opioids. However, it

was also impacted by limitations of the evidence base, such as the

heterogeneity of study methods, study settings and diagnostic tools

used to identify POU and the lack of consistency and precision in

POU definitions. Better reporting of study descriptors is needed, par-

ticularly with respect to ethnicity, type of prescription opioids used

and the presence of other comorbid conditions, such as mental health

issues, and problematic use of other medicines associated with depen-

dence, such as benzodiazepines or gabapentinoids. There is an oppor-

tunity for high-quality studies using well-defined outcomes to be

carried out in different settings and populations to provide better esti-

mates. However, despite the problems identified with the literature,

there is enough evidence describing the extent of the problem for cli-

nicians and policymakers to take appropriate action.

Current clinical guidance for the management of CNCP varies by

geographical setting. In the UK, National Institute for Health and Care

Excellence (NICE) guidance does not recommend the initiation of opi-

oids to manage chronic pain in those aged 16 years and over, yet it is

clearly happening [204]. In the United States, the new Centers for

Disease Control and Prevention (CDC) guideline offers a more flexible

approach to managing chronic pain with opioids, although they advise

clinicians to use caution when prescribing opioids at any dosage and

to consider the risk/benefit of opioids if they are considering increas-

ing the dosage [205]. European clinical practice recommendations

allow the use of opioids for chronic non-cancer pain, particularly

where non-opioid treatments have been ineffective, contraindicated

or not tolerated [206]. Better approaches are urgently needed to pre-

vent and manage POU in CNCP. These may include the promotion of

best practice in opioid prescribing, education of patients and pre-

scribers regarding opioid-related harms, improving access to appropri-

ate pain management, early screening and identification of POU and

use of strategies for tapering or reducing opioids together with alter-

native pain management strategies to mitigate the risk of patients

replacing with non-prescribed opioids and pharmacological and non-

pharmacological treatment of POU.
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