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Issues: Non-medical prescription opioid use (NMPOU) contributes substantially to the global 

burden of morbidity. However, no systematic assessment of the scientific literature on the 

associations between NMPOU and health outcomes has yet been undertaken.

Approach: We undertook a systematic review evaluating health outcomes related to NMPOU 

based on ICD-10 clinical domains. We searched 13 electronic databases for original research 

articles until 1 July 2021. We employed an adaptation of the Oxford Centre for Evidence-Based 

Medicine ‘Levels of Evidence’ scale to assess study quality.

Key Findings: Overall, 182 studies were included. The evidence base was largest on the 

association between NMPOU and mental and behavioural disorders; 71% (129) studies reported 

on these outcomes. Less evidence exists on the association of NMPOU with infectious disease 

outcomes (26; 14%), and on external causes of morbidity and mortality, with 13 (7%) studies 

assessing its association with intentional self-harm and 1 study assessing its association with 

assault (<1%).

Implications: A large body of evidence has identified associations between NMPOU and opioid 

use disorder as well as on fatal and non-fatal overdose. We found equivocal evidence on the 

association between NMPOU and the acquisition of HIV, hepatitis C and other infectious diseases. 

We identified weak evidence regarding the potential association between NMPOU and intentional 

self-harm, suicidal ideation and assault.

Discussion and Conclusions: Findings may inform the prevention of harms associated 

with NMPOU, though higher quality research is needed to characterise the association between 

NMPOU and the full spectrum of physical and mental health disorders.

Keywords

prescription drugs; opioid overdose; health outcomes; non-medical; systematic review

INTRODUCTION

The use of naturally-occurring, synthetic and semisynthetic opioids is common worldwide, 

with methadone, morphine and fentanyl all included on the World Health Organization’s 

List of Essential Medicines [1]. Strong evidence suggests that opioids are effective in 

the treatment of acute and cancer-related pain [2], though little evidence their use for 

chronic non-cancer pain exists, particularly in the long-term [3]. Nevertheless, rates of 

opioid prescribing increased precipitously in the United States and Canada over the past two 

decades [4,5]. In the United States and Canada, the increased availability of prescription 

opioids has contributed to a high prevalence of non-medical use: in 2015, for example, 

12.5 million people in the United States engaged in non-medical prescription opioid use 

(NMPOU) amounting to 4.7% of the population [6]. This is of concern given that NMPOU 

is a primary driver of the opioid overdose epidemic affecting North America [5,7].

To date, efforts to respond to and reduce the health impacts of NMPOU have focused largely 

on its contribution to overdose risk [8]. However, the range of health harms associated with 

NMPOU remain poorly synthesized (e.g. only one scoping review on the topic exists [9]), 

despite a large evidence base spanning multiple scientific and clinical disciplines. This is 
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of public health and public policy concern, given that clinicians, implementation scientists 

and policymakers require a comprehensive assessment of potential harms to inform clinical 

practice, interventions and policy responses.

We therefore conducted a systematic review of the scientific literature to assess the known 

associations between NMPOU and a range of clinical outcomes.

METHODS

We used Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines [10]. We searched electronic literature databases, listed in Table S1 (Supporting 

Information), for articles published as of 1 October 2018. We defined NMPOU as: use in 

the context of someone else’s prescription or the use of one’s own prescription outside 

of prescribed parameters (i.e. dose, frequency, mode of consumption or indication) [11]. 

We used International Classification of Diseases, 10th revision (ICD-10) for physical and 

mental health disorders potentially associated with NMPOU, using relevant Medical Subject 

Headings (MeSH) and keywords (see Table S1). Table 1 lists ICD-10 codes potentially 

associated with non-medical prescription opioid use. Hand searching of relevant academic 

meetings and reference lists was also done. All searches were conducted between 24 

October 2015 and 15 October 2018.

Eligible studies were: (i) peer-reviewed; (ii) measured current or past NMPOU; and (ii) were 

a randomised control trial, case-control, comparison study, cohort study, non-randomised 

trial, quasi-experimental study, time-series analysis or ecological study. Studies were 

excluded if they failed to isolate NMPOU, did not capture ICD-10 outcomes and were not 

written in English. Two of four investigators independently reviewed titles and abstracts in 

stage 1, and full texts in stage 2, classifying studies as “potentially relevant” or “irrelevant”. 

Disagreements were resolved by consensus.

We employed the Oxford Centre for Evidence-Based Medicine ‘Levels of Evidence’ [12] 

to assess the contribution of each study to the scientific evidence base. The ‘Levels of 

Evidence’ tool provides a rank based on study design, with studies designed to provide a 

higher level of evidence ranked lower (i.e. the highest rank is 1; the lowest is 5). For the 

current study, we adapted the tool to range from 1 to 4; this was done given that studies 

with the lowest level of evidence based on the tool (ranked at 5, and consisting of non-data 

driven expert opinion) were not eligible for inclusion in the systematic review because they 

did not present data. Two investigators independently scored studies, with a third author 

verifying, and consensus achieved where needed by a fourth author. Assessments of the level 

of evidence within the 1-4 range were not a basis for exclusion.

RESULTS

Study selection and characteristics

Overall, as shown in Figure 1, 11,810 studies were identified, yielding 285 full text 

articles assessed for eligibility, with 103 excluded. Ultimately, 182 studies met the inclusion 

criteria; three studies only included event count and not participant sample size [13-15]. 
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A total of 53 (29%) studies employed cross-sectional, population-based and nationally 

representative observational designs [7,14,16-64]; 13 (7%) employed longitudinal, cohort-

based observational designs [65-77]; 4 (2%) employed case control designs [78-81]; 6 

(3%) were randomised control trials [82-87]; 54 (30%) employed cross-sectional data 

from convenience samples [73,88-140]; 10 (5%) employed longitudinal (including repeated 

cross-sectional) data from nationally representative studies [15,17,141-147]; and 42 (23%) 

retrospectively assessed individual-level data [13,37,148-187]. As shown in Figure 2, the 

majority of studies presented data from the USA (126, 69%). Other countries represented 

included Canada (22, 12%), Australia (13, 7%), France (4, 2%), India (4, 2%), Nordic 

countries (4, 2%), China (3, 2), the United Kingdom (2, 1%), Estonia (1, <1%), Iran (1, 

<1%) and Israel (1, <1%).

Levels of evidence assessment

The mean assessment score was 3.30 (SD = 1.01; interquartile range = 2-4), reflecting that 

the studies included in the systematic review generally used designs that provided a lower 

level of evidence. Seven studies (4%) received a score of 1 (the highest score); 53 (29%) 

received a score of 2; 7 (4%) received a score of 3; and 115 (63%) received a score of 4 

(the lowest score). We detected no significant association between study quality and year of 

publication (R2 = > −0.01, P > 0.05), suggesting no significant change in quality over time.

Results of individual studies

Table 2 presents results from all eligible studies classified by ICD-10 code. As can be 

seen, studies investigated the association between NMPOU and outcomes across eight major 

clinical domains. The median number of studies investigating each clinical outcome was 

15.0 (interquartile range 3.0-23.5).

Overall, the evidence base was largest with respect to the association between NMPOU and 

‘mental and behavioural disorders’ with over half of all studies (129; 71%) reporting on 

these outcomes. The second highest quantity of evidence existed for the association between 

NMPOU and ‘injury, poisoning, and certain other consequences of external causes’, with 44 

studies (24%) reporting specifically on fatal and non-fatal overdose. Conversely, evidence 

was limited for the association between NMPOU and ‘external causes of morbidity and 

mortality’, with only 13 studies (7%) assessing its association with intentional self-harm and 

only 1 study assessing its association with assault (<1%). Outcomes that were investigated 

by a higher than average number of studies were ‘Viral hepatitis (HCV [hepatitis C virus] 

and HBV [hepatitis B virus])’ (18; 10%), ‘Human Immunodeficiency Virus (HIV)’ (8; 4%), 

‘Symptoms and signs involving cognition, perception, emotional state and behavior’ (17; 

9%) and ‘General symptoms and signs’ (22; 12%).

B15 – B24: Viral hepatitis (Hepatitis B and C) and HIV—Studies assessing viral 

hepatitis infection (ICD-10 B15-B19; n = 18) found mixed results. Specifically, three 

studies found no association between NMPOU and hepatitis B or hepatitis C transmission 

[106,120,127], while one study by Patra et al. found that participants who reported 

exclusively injecting PO were significantly less likely to be HCV-seropositive compared to 

participants that injected other substances [118]. While the number of studies investigating 
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HIV transmission (ICD-10 B20-B24) and NMPOU was small (n = 8, 4%), the evidence 

was equivocal, with 3 studies (38%) reporting no association between NMPOU and 

HIV transmission [22,106,153], two studies (25%) reporting that exclusive NMPOU was 

associated with a reduced odds of HIV acquisition compared with participants that used 

other drugs [84,96], and two studies (25%) reporting that fentanyl injection was associated 

with a significantly increased risk of testing positive for HIV [44,104].

F10-F19: Mental and behavioural disorders due to psychoactive substance 
use—Among the 35 studies reporting on mental and behavioural disorders due to 

psychoactive substance use (see Table 1, Section V), there was agreement (20/20; 100%) 

regarding an association between NMPOU and concurrent or subsequent opioid use disorder 

(OUD), dependence or withdrawal. Among this subgroup of studies, 7 (35%) identified 

those engaging in NMPOU as specifically having a higher risk of experiencing substance 

use disorders compared to users of other drugs (including street opioids). For example, 

Miller et al. found that among patients discharged from a detoxification unit East Lansing, 

Michigan (n = 534), those that reported prescription opioid use had a signfiicantly higher 

odds of also reporting a medical diagnosis (adjusted odds ratio = 3.47, P < 0.05) [152].

F30 – F39: Mood [affective] disorders—Further, 27 studies (15%) examined the 

association between NMPOU and depressive symptomatology. An association between 

NMPOU and depression was reported across the vast majority of papers (>95%) examining 

clinical outcomes related to mood or affective disorders (ICD F30-F39). For example, 

Ali et al. (2015) found that among adolescents enrolled in the National Survey on Drug 

Use and Health between 2008 and 2012 (n = 84,800, mean age 14.5 years), those that 

engaged in NMPOU were 33% more likely to report a major depressive episode [23]. 

Four of the 13 studies (31%) examining neurotic, stress-related and somatoform disorders 

(ICD-10 F40-F48) investigated associations between NMPOU and post-traumatic stress 

disorders and all identified significant associations [7,25,109,125]. One study from Becker 

et al. [34] found that reporting past year NMPOU was significantly associated with 

reporting symptoms of panic and phobia among National Survey on Drug Use and Health 

respondents (n = 6,879; both adjusted odds ratios = 1.2, P < 0.05). Ten studies (5%) assessed 

the relationship between NMPOU and anxiety, with 7 (70%) identifying a significant 

association [7,33,113,126,129,137,143], two studies (20%) reporting a null finding [43,123], 

and one (10%) limited to reporting on the prevalence of generalized anxiety disorder (i.e. 

14%) among individuals engaged in NMPOU [78].

R40-R46. Symptoms and signs involving cognition, perception, emotional 
state and behavior—A small subset of studies assessed the association of NMPOU with 

‘symptoms and signs involving cognition, perception, emotional state and behavior’ (n = 

16; 9%). Of note, 10 studies (63%) investigated suicidal ideation, with 7 studies reporting 

that NMPOU was associated with a significantly higher odds [16,21,39,41,48,138,146], 

and one study by Bohnert et al. reporting no significant association between NMPOU and 

suicidal ideation [133]. Only two studies (1%) investigated associations between NMPOU 

and aggression; one study of youth found that NMPOU was associated with intimate partner 

violence though not with other forms of violence [68], while another study found that 
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NMPOU was associated with higher scores on the Aggressive Behavior Sub-Scale of the 

Child Behavior Checklist [46].

R50-R69: General symptoms and signs—There was scant evidence on the direct 

association between NMPOU and pain. Indeed, only three studies investigated this topic, 

undertaken in the USA (Michigan: n = 2050 high school students; and southeastern New 

England: n = 328 primary care patients) and Australia (n = 141 participants in opioid 

substitution programs in Sydney and Newcastle); none identified a significant association 

between NMPOU and pain [69,102,130]. However, one study by Blanco et al. reported that, 

among adults enrolled in the US National Epidemiologic Survey on Alcohol and Related 

Conditions (n = 34,653), reporting pain in the first wave of data collection was significantly 

associated with NMPOU in the subsequent wave (adjusted odds ratio = 2.17, P < 0.05) 

[145].

T36 – T50: Poisoning by drugs, medicaments, and biological substances—
All of the 44 studies reporting on injury and poisoning reported on poisoning by drugs, 

medicaments and biological substances (ICD T36–T50); specifically, opioid overdose. 

NMPOU was found to be significantly associated with prior, subsequent and a lifetime 

history of non-fatal opioid overdose, with 13 studies (3%) reporting specifically on 

overdose-related mortality; this included analyses of population time trends in the United 

States undertaken by Calcaterra et al. and the US Centers on Disease Control indicating 

increases in the opioid overdose mortality rate since 1990 [167,169].

DISCUSSION

We report the findings of a systematic review that found voluminous and consistent evidence 

of an association between NMPOU and OUD, as well as on fatal and non-fatal overdose. 

Strong evidence supported an association between NMPOU and some mental disorders, 

particularly depression, consistent with previous reviews in this area [188]. A smaller set 

of studies reported equivocal evidence on the association between NMPOU and HIV and 

hepatitis transmission. Finally, only scant evidence was identified on the association between 

NMPOU and intentional self-harm, suicidal ideation and assault.

The results of this systematic review provide further confirmatory evidence that NMPOU 

is implicated in the high incidence of overdose-related morbidity and mortality observed in 

North America. However, despite a large body of scientific literature assessing the influence 

of injection drug use on a range of health and social harms [189,190], the current review 

highlights the paucity of evidence demonstrating that injection NMPOU is associated with 

a higher risk of HIV or HCV transmission compared with the injection of other drugs. 

Collectively, these findings have important implications for policy and practice. First, while 

they confirm that interventions to prevent overdose should be tailored specifically to NMPO-

using subpopulations, they suggest that efforts to prevent transitions into injection drug 

use and the disease transmission risk that often follows should be tailored to a broader 

range of subpopulations beyond those engaging in non-injection NMPOU. For instance, data 

from multiple North American settings has demonstrated that crystal methamphetamine 

is the drug primarily implicated in injection initiation events [191,192]; furthermore, 
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injection cocaine use is an identified risk factor for disease transmission (likely related 

to its short half-life) [193]. Given the heterogeneous distribution of injection-related risks 

among subpopulations, ensuring that frontline harm reduction and related health services are 

appropriately tailored to those at greatest risk is needed to reduce injection-related morbidity 

and mortality.

Given the established link between NMPOU and OUD, and that opioid agonist therapies 

(OAT) are recognised as the gold standard for management of OUD [194], expanding 

access to patient-oriented OAT modalities should be prioritised by treatment systems in 

North America and other settings experiencing heightened opioid-related overdose mortality. 

Indeed, the United States has lagged behind other settings (e.g. Western Europe) in 

achieving appropriate coverage of OAT such as methadone and buprenorphine, with only 

an estimated 15 per 100,000 PWID in the United States that access OAT [195], compared 

with 90 per 100,000 PWID in France [196]. Beyond coverage, recent advances have been 

made in Canada in refining clinical guidelines for the provision of OAT for OUD in light 

of the extensive evidence base on this subject as well as the increasingly diverse set of 

pharmacological tools used in OAT [197]. Further, there is a need to expand access to 

harm reduction interventions to support low-threshold entry into treatment for structurally 

vulnerable subpopulations engaging in NMPOU and/or with OUD (i.e. street-involved youth 

and individuals experiencing homelessness); this is in line with technical guidelines jointly 

developed by the UN Office on Drugs and Crime, the Joint United Nations Programme on 

HIV/AIDS, and the World Health Organization to reduce harms associated with the use of 

opioids and other illegal drugs [198]. To address the disproportionate burden of overdose 

mortality among populations engaging in NMPOU, expanded distribution of naloxone 

(an opioid antagonist used to reverse opioid overdose events) and the implementation 

of supervised consumption sites should be undertaken, given the high level of evidence 

demonstrating their effectiveness in overdose prevention [199,200]. These should be coupled 

with syringe services programs, given their cumulative impact on reducing infectious disease 

transmission among people who use NMPOU by injection [201].

The findings of this review also suggest future directions for research. While a consensus 

exists regarding the association between NMPOU and overdose, less is known regarding 

the relationship between its use and psychiatric conditions such as anxiety disorders. While 

six studies assessed the association between these conditions, findings were equivocal, and 

the direction of causality in all studies was not determined. This suggests the potential 

that NMPOU is intensified by anxiety, symptomatic of anxiety, or both; alternately, given 

that only a minority of studies (2/6; 33%) identified a significant association between 

anxiety and NMPO use, alternative pathways may be present. While outside the scope 

of this review, evidence suggests that the endogenous opioid system may mediate the 

association between opioid use and psychiatric comorbidities via variation in resting levels 

of endogenous opioids (i.e. individuals with lower resting levels may be at higher risk of 

developing psychiatric comorbidities or symptoms) [202]. Delineating the complex links 

between these conditions is particularly important in light of a recent meta-regression 

analysis that estimated the global prevalence of anxiety disorders at 7.3% [203], with 

individuals having experienced conflict and those in rural settings at significantly greater 

risk of experiencing anxiety disorders. If, as the results of this systematic review imply, 
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anxiety disorders are associated with NMPOU, increasing access to OAT may, beyond its 

capacity to reduce the severity of OUD, also address key risk factors for the initiation or 

continuation of NMPOU, including co-morbid mental health conditions. That is because 

retention in OAT has been shown to be significantly associated with a subsequent reduction 

in the severity of psychiatric comorbidities among individuals experiencing both OUD and 

psychiatric comorbidities [204]. Importantly, the inverse approach (i.e. treating psychiatric 

comorbidities prior to enrolment in OAT) was not shown to be significantly associated with 

reductions in OUD severity [204].

This study has limitations. First, while we restricted the systematic review to scientific 

peer-reviewed literature, we did so in an effort to ensure a standard of scientific rigor 

commensurate with clinical practice and the development of effective policy; however, this 

resulted in the exclusion of potentially important ‘gray literature’ findings. Relatedly, we 

restricted to studies that assessed clinical outcomes that fell within ICD-10 classifications, 

which was done to improve the clinical relevance of this systematic review, but which likely 

resulted in additional health outcomes related to NMPOU not being captured. Second, it 

is possible that certain published studies were overlooked during the search, though this 

concern was likely mitigated by the fact that this process was duplicated, with additional 

verification by a third author. Third, we only assessed English-language literature because 

of linguistic limitations on our team; it is likely that peer-reviewed studies on the topic 

of NMPOU were published in other languages but not included in the review. Fourth, 

we did not undertake a meta-analysis as an additional step after systematic assessment 

of the scientific literature given the diversity of outcomes and methodologies employed 

by included studies, which limited meaningful meta-analytic assessment. Fifth, Although 

studies focused on HCV and HIV (L00-L99; ‘Infections of the skin and subcutaneous 

tissues’), others can arise from the injection of opioids intended for oral consumption 

(e.g. nerve damage, foreign body pulmonary embolisation and pulmonary hypertension, 

thrombophlebitis, deep vein thrombosis, endocarditis, septic arthritis, osteomyelitis and 

septicaemia); these may also be a result of NMPOU. Finally, we assessed study quality 

using a standardised checklist, though author subjectivity may have influenced the quality 

score.

CONCLUSIONS

In sum, we report on the findings of a systematic review assessing the peer-reviewed 

evidence regarding clinical outcomes associated with NMPOU. We note areas of general 

consensus as well as those wherein evidence is equivocal, weak, or non-existent. These 

findings should inform current efforts to address the ongoing use of—and harms associated 

with—NMPOU in a range of settings internationally.
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Refer to Web version on PubMed Central for supplementary material.
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KEY POINT SUMMARY

• We identified 182 peer-reviewed studies that assessed health outcomes 

associated with non-medical prescription opioid use until 1 July 2021

• A large body of evidence exists on the association between non-medical 

prescription opioid use and mental and behavioural disorders as well as on 

fatal and non-fatal overdose.

• Equivocal evidence exists on its association with the acquisition HIV, 

hepatitis C and other infectious diseases; weak evidence exists on its potential 

association between NMPOU and intentional self-harm, suicidal ideation, and 

assault

• This is the first systematic review identifying the range of health outcomes 

associated with non-medical prescription opioid use

• These results can support policy and clinical decision-making with respect 

to preventing opioid-related outcomes, and can inform efforts to bolster the 

evidence base on outcomes for which little data currently exist
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Figure 1: 
PRISMA flow chart of study selection. NMPOU, non-medical prescription opioid use.
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Figure 2: 
Distribution of publications on clinical outcomes associated with non-medical prescription 

opioid use
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Table 1.

International Classification of Diseases–10th revision codes potentially associated with non-medical 

prescription opioid use

I. Infectious diseases

  B15 – B19: Viral hepatitis

  B20 – B24: Human Immunodeficiency Virus [HIV]

III. Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism

  D65 – D69: Coagulation defects, purpura and other hemorrhagic conditions

V. Mental and behavioral disorders

  F10 – F19: Mental and behavioral disorders due to psychoactive substance use

  F30 – F39: Mood [affective] disorders

  F40 - F48: Neurotic, stress-related and somatoform disorders

  F00 – F99: Other psychiatric / mental health measures

XI. Diseases of skin and subcutaneous tissue

  L00 – L99: Infections of the skin and subcutaneous tissue

XVI. Certain conditions originating in the perinatal period

  P05 – P08: Disorders related to length of gestation and fetal growth

  P90 – P96: Other disorders originating in the perinatal period

XVIII. Symptoms, signs and abnormal clinical and laboratory findings not elsewhere classified

  R40-R46. Symptoms and signs involving cognition, perception, emotional state and behavior

  R50-R69: General symptoms and signs

XIX. Injury, poisoning, and certain other consequences of external causes

  T36 – T50: Poisoning by drugs, medicaments, and biological substances

XX. External causes of morbidity and mortality

  X60-X64: Intentional self-harm

  X85-Y09: Assault
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