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Introduction 

  

Non-fatal overdose is one of the strongest predictors of fatal overdose (Caudarella et al., 2016b). 

It often leads to morbidities, including pulmonary diseases, physical injury, neuropathy, and 

hypoxic neural injury (Warner-Smith et al., 2002; Warner-Smith et al., 2001). It has been reported 

that approximately half of people who use illicit opioids (PWUIOs) have experienced at least one 

non-fatal overdose their lifetime (Mcgregor et al., 1998). Overdose occurs in approximately one-

third of drug-related deaths among PWUIOs (Degenhardt et al., 2011; Saini et al., 2020). Studies 

have reported that more than two-thirds of drug users have been exposed to at least one non-fatal 

overdose during their life (Martins et al., 2015), with more than two million drug-related visits to 



2 
 

emergency department in the US during the early 2000s (Burns et al., 2004). As a result of this 

high baseline risk, countries worldwide, such as the North American community, are in danger of 

an overdose epidemic, now rooted in synthetic drugs (e.g., fentanyl and related analogs) 

(Ciccarone, 2019; Fischer et al., 2019).  

PWUIOs are mostly at the highest risk of overdose. It appears that non-fatal overdose is considered 

as a risk factor for future fatal and non-fatal overdoses, and is associated with a diverse range of 

health risks, including muscular dysfunction and cognitive impairment, and has high healthcare 

expenses (Caudarella et al., 2016b; Warner-Smith et al., 2001). Polysubstance use, homelessness, 

injecting in public spaces, and confrontations with the police are other correlates of non-fatal 

overdose (Armoon et al., 2021; Bohnert et al., 2011; Britton, Wines, et al., 2010; Coffin et al., 

2003; Darke et al., 2005). The World Health Organization (WHO) recommends providing opioid 

antagonists such as naloxone to people who are likely to experience overdose after substance use 

(Balster et al., 2016). Non-fatal overdose causes serious morbidity (Warner-Smith et al., 2001) and 

some studies have identified a history of non-fatal overdose experiences as a significant predictor 

of future overdoses (Kerr et al., 2007; Stoové et al., 2009). Risk factors associated with overdose 

from synthetic drugs primarily used to relieve pain (for example morphine) have been investigated, 

emphasizing the drug dose (Bohnert et al., 2016; Gwira Baumblatt et al., 2014) and the 

pharmacological characteristics of opioids (Roxburgh et al., 2019). Factors independently 

associated with experiencing a non-fatal overdose include concurrent use of opioids and sedatives, 

concurrent use of opioids and psychostimulants such as cocaine, housing problems, injection as 

the route of opioid administration, incarceration history, and recent experience of overdose 

(Armoon et al., 2021). Higher overdose rates have been associated with alcohol use among 

injecting drug users have in some studies (Kinner et al., 2012) and may represent pharmacological 
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or behavioral interactions between alcohol and injected substances (Heinze et al., 2002). 

Moreover, In a study among people who are injecting drug users (PWIDs) Grau et al. (2009) 

reported that about 50% of studied cases had experienced a non-fatal overdose in the year prior to 

the study (Grau et al., 2009). Overdose is much more prevalent after a period of drug abstinence, 

when tolerance is at the minimal level (e.g., following release from drug treatment programs or 

jail). Therefore, those who report a non-fatal overdose in the past are more likely to experience 

another (potentially fatal) overdose in the future (Powis et al., 1999). 

Only a few meta-analyses have investigated the prevalence of non-fatal overdose among PWIDUs 

(Colledge et al., 2019). With non-fatal overdose increasing among PWUIOs(Saini et al., 2020). It 

is essential to improve the knowledge concerning this problem and its associated risk factors to 

inform overdose prevention and assistance programs. Therefore, the present study assessed the 

prevalence of non-fatal overdose among PWUIOs and aimed to identify the demographic and 

behavioral characteristics associated with non-fatal overdose among this population. 

Methods 

Search strategy and study selection 

This study was conducted according to the Protocols of Systematic Reviews and Meta-Analyses 

(PRISMA) (Bayani et al., 2020; Rezaei et al., 2020). The study selection steps are outlined in 

Figure 1. 

Fig 1. PRISMA flow diagram 

The papers obtained in the search were published from January 1, 1995 to February 1, 2021. For 

inclusion in the present review, two independent researchers (AB and BA) reviewed four 

electronic databases (PubMed, Scopus, Web of Science, and the Cochrane Library), with the 
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following search keywords: (Death, Sudden, Cardiac [MeSH Terms]) or (Heart Arrest [MeSH 

Terms]) or (non-fatal overdose [Title/Abstract])) or (Death [MeSH Terms]) or (Fetal Death [MeSH 

Terms]) or (Myocardial Infarction [MeSH Terms]) or (difficulties with breathing [Title/Abstract]) 

or (convulsions [MeSH Terms]) or (Seizures [MeSH Terms]) or (inability to wake up 

[Title/Abstract]) or (collapsing [Title/Abstract]) or (blue skin color [Title/Abstract]) or 

(Unconsciousness [MeSH Terms]) and (Opium Dependence [MeSH Terms]) or (Morphine 

Dependence [MeSH Terms]) or (Drug Users [MeSH Terms]) or (Heroin [MeSH Terms]) or 

(Heroin Dependence [MeSH Terms]) or (Opioid-Related Disorders [MeSH Terms]) or (Opiate 

Overdose [MeSH Terms]). The formal search strategy is outlined in Table 1. Paper references were 

managed using EndNote X7 software (Thomson Reuters). The search strategy from the four 

databases including additional manual searches from the paper references, resulted in 13,845 

papers. 

 

Duplicate papers were excluded. First, two co-authors reviewed the paper titles and abstracts 

independently, based on population, intervention, comparison, outcome, and study design 

(PICOS) criteria. A third member of the research team (AMB) provided input as needed, and 

helped in solving disagreements about papers included in the study. Second, AB and BA analyzed 

the full papers retained, considering the study inclusion criteria based on PICO, and exclusion 

criteria such as no access to the full paper and/or missing key data. Only papers written in English 

were included in the study from January 1st, 1995 to February 1, 2021 and included in the World 

Health Organization (WHO) countries. Based on PICOS criteria, the other inclusion criteria were 

as follows. For the “population”, only PWUIOs were included; for the “intervention”, socio-

demographical determinants (age, sex, housing status) and high-risk behaviors (e.g., receiving 
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money, goods, or drugs in exchange for sex), individuals who had witnessed somebody else have 

an overdose, individuals who had used public spaces as primary injection locations, PWUIOs who 

reported polydrug use, non-injection of methamphetamine, and injecting frequency in the past 

year) were looked for; the “comparison” group was PWUIOs who had not experienced any non-

fatal overdose in the previous year; the “outcome” was having non-fatal overdose in the last year; 

the “study design” integrated cross-sectional, cohort or case-control studies. Qualitative studies, 

secondary studies which did not include primary data, systematic reviews, and meta-analysis 

studies were excluded. Papers with too significant heterogeneity or outcome variations from the 

study groups considered were also excluded. Papers or variables included in the studies retained 

that were not detailed enough to be included in the meta-analysis were also not considered as 

associated variables of non-fatal overdose among PWUIOs (i.e., concurrent sedative/hypnotic use, 

pharmacy shopping, overlapping prescriptions, and syringe reuse). A modified version of the 

Newcastle-Ottawa Scale (NOS) (Stang, 2010) was utilized to assess the quality of the reviewed 

papers and risk of bias in each study (Table 2). 

 

Data extraction and study quality assessment 

Two of the co-authors (AB and BA) reviewed and decided on paper inclusion using a standardized 

data gathering form. All the disagreements between the two researchers were eliminated by getting 

help from two other members of the research team (EA and RM). For the data extraction and 

management, Microsoft Excel software was used. Two independent reviewers (BA and AB) 

selected the papers in two phases. In the first phase, the duplicated titles/abstracts (89% agreement) 

according to the six criteria listed below (1-6) were deleted. In the second phase, titles/abstracts 
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that met the inclusion criteria were chosen for full-text review according to the inclusion criteria 

(96% agreement). 

 

The data extracted included the surname of the first author, publication date, participant 

demographic data (age, sex, being homeless), and other features such as type of high-risk behaviors 

such as (i) individuals who received money, goods, or drugs in exchange for sex, (ii) individuals 

who had witnessed somebody else have an overdose, (iii) individuals who had used public spaces 

as primary injection locations(iv) individuals who reported polydrug use, (v) use of non-injection 

methamphetamine, and (vi) injecting frequency.  

 

Table 2. Quality of studies and risk of bias assessment using Newcastle-Ottawa Scale. 

 

 The Newcastle-Ottawa Scale (NOS; (Stang, 2010) was used to determine the methodological 

quality of studies included (sample representativeness or size, methodology). A maximum of five 

quality scores were defined for items. Publications with a total score of 0-2, 3, 4 and 5 points were 

recorded as “unsatisfactory”, “satisfactory”, “good” or “very good” respectively. The agreement 

beyond chance (unweighted kappa) was used to assess the agreement between the two authors (BA 

and AB) during the quality evaluation. The levels of poor, slight, fair, moderate, substantial, and 

almost perfect levels of agreement were demonstrated by the values 0, 01–0.02, 0.021–0.04, 

0.041–0.06, 0.061–0.08, and 0.081–1.00, respectively (Landis et al., 1977). 

 

Data synthesis and statistical analysis 
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The present study was conducted by creating pooled odds ratios (ORs) and 95% confidence 

intervals (Cis) for identifying factors associated to non-fatal overdose. The OR was computed 

applying a 2*2 table, and an OR<1 was considered as a positive association between non-fatal 

overdose and the target variable. An OR>1 (as the statistical threshold for assessing the association 

between outcome variables and expositive variables) represents a strong association between 

variables and vice versa. To assess the lack of correlation among studies, the Q test with a p-value 

<0.05 and I2 statistics with a cutoff of ≥50% were considered. A CI of 95% was considered for I2 

where the negative values were assumed as zero. The random-effects model was used to gain the 

pooled estimation, considering the different sampling methods of the studies. To recognize 

publication biases both in graphical and statistical aspects, Egger’s publication bias methods were 

used. A p-value of less than 0.05 was considered significant. The association between high-risk 

behaviors was shown by an OR and 95% CI, and the results were visualized in forest plots. In the 

analysis phase, R 3.5.1 with the “meta” package was used to conduct the meta-analysis. 

 

Results 

Study characteristics 

After the rigorous search process, 67 studies were identified for inclusion in the meta-analysis 

(Bazazi et al., 2015; Bergenstrom et al., 2008; Blackburn et al., 2017; Bonar et al., 2016; 

Bretteville-Jensen et al., 2015; Britton, Wines Jr, et al., 2010; Brugal et al., 2002; Brugal et al., 

2005; Burke et al., 2020; Caudarella et al., 2016a; Cheng et al., 2020; Cochran et al., 2017; Coffin 

et al., 2007; Darke et al., 1997; Darke et al., 2005; Darke et al., 2007; Dayton et al., 2020; Escudero 

et al., 2016; Fairbairn et al., 2008; Fairgrieve et al., 2020; Fendrich et al., 2019; Finkelstein et al., 

2016; Fischer et al., 2004; Galea et al., 2006; Groenewald et al., 2019; Grzebinski et al., 2020; 
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Hakansson et al., 2008; Hunter et al., 2018; Kerr et al., 2007; Kilaru et al., 2020; Kinner et al., 

2012; Lagu et al., 2006; Lake et al., 2015; Latkin et al., 2018; Lowder et al., 2020; Madah-Amiri 

et al., 2019; Martin et al., 2014; Mcgregor et al., 1998; Milloy et al., 2010; Nam et al., 2020; 

Noroozi, Higgs, et al., 2020; O'Keefe et al., 2018; O’Halloran et al., 2017; Ochoa et al., 2005; 

Otachi et al., 2020; Park et al., 2018; Pizzicato et al., 2020; Prangnell et al., 2019; Rafful et al., 

2018; Riggs et al., 2020; Saleem et al., 2020; Schiavon et al., 2018; Seal et al., 2001; Sherman et 

al., 2007; Stewart et al., 2002; Suffoletto et al., 2020; Tobin et al., 2003; Trayner et al., 2020; 

Uusküla et al., 2015; van Beek et al., 2004; Wallace et al., 2019; Walley et al., 2014; Yang et al., 

2015; Yin et al., 2007; Yule et al., 2019; Yule et al., 2018; Zhou et al., 2016). The selected studies 

were from six WHO regions (43 from the Region of the Americas [n=4,172,478 participants], 10 

from the European Region [n=24,053 participants], one from South-East Asia Region [n=252 

participants], 11 from the Western Pacific Region [n=8,562 participants], one from the African 

Region [n=200 participants], and one from Eastern Mediterranean Region [n=564 participants]. 

The USA had the highest number of studies (n=29, 4,055,985 participants). Considering country 

income level, 56 studies were conducted within high-income countries (n= 4,202,153), seven 

studies within upper-middle-income countries (n= 3,213), and three studies were from lower 

middle-income countries (n= 1,702).  

 

Results of the meta-analysis 

In Tables 3 and 4, the key characteristics of the included studies for high-risk behaviors associated 

with non-fatal overdose among PWUIOs are presented (Tables 3 and 4). Figure 2 shows the pooled 

prevalence rate of non-fatal overdose among PWUIOs to be 26% (95% CI, 23% -29%). 

Table 3. Characteristics of non-fatal overdose among PWUIOs. 
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Figure 2. The prevalence of non-fatal overdose among PWUIOs. 

Socio-demographical for non-fatal overdose 

Table 5 shows there was a significant association between age<30 years with non-fatal overdose 

among PWUIOs compared with those aged >30 years (OR=1.31, 95%CI=1.16-1.48). (Table 5). 

Table 5 also shows there was an association between being female and non-fatal overdose among 

PWUIOs. The findings show that PWUIOs who were female were 1.66 times more likely to report 

having had a non-fatal overdose during past year compared with males (OR=1.66, 95%CI=1.01-

2.73). Additionally, Table 5 shows there was a positive relationship between being homeless and 

non-fatal overdose among PWUIOs. Participants who were homeless were 1.64 times more likely 

to have had a non-fatal overdose in the past 12 months compared with those not homeless 

(OR = 1.64, 95%CI = 1.45- 1.84).   

 

High-risk behavior for non-fatal overdose 

Findings indicate there was an association between receiving money, goods, or drugs in exchange 

for sex non-fatal overdose among PWUIOs (Table 5). The findings showed that PWUIOs who 

received money, goods, or drugs in exchange for sex were 1.77 times more likely to report having 

had a non-fatal overdose during last year compared with those that did not (OR=1.77, 

95%CI=1.46-2.15). There were no significant associations found between those who had used a 

speedball and non-fatal overdose among PWUIOs (OR=1.33, 95% CI=0.85-2.08) (Table 5). There 

was also a positive association between those who had witnessed an overdose and non-fatal 

overdose among PWUIOs. Individuals who had witnessed an overdose were 2.22 times more 
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likely to have had a non-fatal overdose (past 12 months) compared with those who had not 

(OR=2.22, 95%CI=1.61-3.08) (Table 5).   

Findings indicate that there was an association between public injecting and non-fatal overdose 

among PWUIOs. PWUIOs who had injected in public were 1.61 times more likely to report having 

had a non-fatal overdose during past year compared with those who had not (OR=1.61, %CI=1.37-

1.89) (Table 5). There was also an association between polydrug use (>2 types of illicit drug use) 

and non-fatal overdose among PWUIOs. PWUIOs who reported polydrug use were 1.73 times 

more likely to report having had a non-fatal overdose among PWUIOs during past year compared 

with individuals using a single drug (OR=1.73, 95%CI=1.44-2.07) (Table 5).   

There was a positive relationship between non-injection methamphetamine use and non-fatal 

overdose among PWUIOs. PWUIOs who used non-injected methamphetamine were 2.01 times 

more likely to have had a non-fatal overdose among PWUIOs in the last 12 months (OR = 2.01, 

95%CI = 1.66- 2.43). (Table 5). There was also a significant association between injecting 

frequency and non-fatal overdose among PWUIOs. PWUIOs who had a high injecting frequency 

(more than two times daily) were 2.66 times more likely to have had non-fatal overdose in the 

previous 12 months than PWUIOs who did not report such an injecting frequency (OR=2.66, 

95%CI=1.80-3.92) (Table 5).   

 

To identify probable publication bias, the Egger's test was performed. The publication bias test 

indicates considerable bias based on Egger’s test (coefficient = 3.66, p<0.001). Therefore, met-

trim analysis was performed in order to remove the effect of publication bias on the pooled OR. 

The meta-trim analysis indicated that the pooled OR was 0.14 (95% CI, 0.11–0.25) in the random 

effect model.  
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Discussion 

The present study assessed the prevalence of non-fatal overdose among PWUIOs and attempted 

to identify the demographic and behavioral characteristics associated with non-fatal overdose 

among this population. The findings indicated that greater odds of non-fatal overdose among 

PWUIOs was associated with (i) being of younger age, (ii) being female, (iii) being homeless, (iv) 

individuals who received money, goods, or drugs in exchange for sex, (v) individuals who had 

witnessed somebody else have an overdose, (vi) individuals who had used public spaces as primary 

injection locations, (vii) individuals who reported polydrug use, (vii) individuals who had used 

non-injection methamphetamine, and (viii) high injecting frequency (more than two times daily). 

The present review is the first to quantify the prevalence rate of non-fatal overdose among 

PWUIOs. It also identified various high-risk behaviors associated with the prevalence patterns 

(epidemiology) among PWUIOs and included data from six WHO regions. A recent review 

reported that approximately 3.2 million drug consumers in the past 12 months as having a non-

fatal overdose worldwide (Colledge et al., 2019). Such patterns of prevalence are in line with those 

of a prior systematic review on fatal and non-fatal overdose in drug users (Martins et al., 2015). 

According to that previous study, the range of recent non-fatal overdose varied from 6.7% to 32.7% 

among PWIDUs (compared to 20.5% in the present study; 95% CI 15.0–26.1%). Additionally, 

they reported a range of 29.0%-59.0% concerning lifetime non-fatal overdose (compared to 41.5% 

in the present study; 95% CI: 34.6–48.4%). 

Findings showed that PWUIOs who were female were more likely to experience non-fatal 

overdose. According to previous studies, high rates of overdose among women have been reported, 

with 37.5% reporting a lifetime overdose and 18% reporting an overdose in the past three months, 
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with most overdoses related to heroin or nonmedical use of prescription opioids (El-Bassel et al., 

2020; Goldenberg, 2020). Although opioid-related overdoses is a major public health problem and 

may affect many groups of individuals, current knowledge of gendered experiences and 

requirements in the context of drug overdoses are arguably inadequate (Collins et al., 2019). To 

respond to this issue, gender-based experiences must be investigated, including the unique harm-

reduction and addiction service requirements of women who use drugs (Azim et al., 2015; 

Strathdee et al., 2015). For example, harm-reduction services are more male-oriented, and females 

often indicate highly gendered barriers to accessing harm-reduction, such as overlapping stigmas, 

concerns related to safety, and the threat of violence in service delivery environments (Boyd et al., 

2018).  

According to the literature, an experience of an overdose in the past year was significantly related 

to using any type of illicit substances before 30 years of age among PWIDUs. The research 

findings here are in line with other study reporting that opioid users who were younger were more 

likely to report overdose (Nguyen et al., 2020). The onset age of opioid use is also an essential risk 

factor, given that earlier research has reported a consistent association between younger onset of 

substance use and higher susceptibility to substance dependence, leading to further health and 

social-related problems (Baldwin et al., 2013; Bazrafshan et al., 2019; Ghiasvand et al., 2018; King 

et al., 2007; Noroozi, Farhadi, et al., 2020). Non-fatal overdoses could be attributed to the 

association between a greater susceptibility to non-fatal overdose and less experience in injecting 

drugs, as well as a lower level of tolerance. However, these data were inconsistent with some 

international investigations, reporting a correlation between a longer-term history of injection and 

a recent overdose event (Darke et al., 2003). Previous studies have also demonstrated an 

association between encountering non-fatal overdose and polysubstance use in the past six months 
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among PWIDUs. This finding is also supported by other research, suggesting a strong correlation 

between fatal and non-fatal overdose and polydrug use (Darke et al., 2003; Hakkarainen et al., 

2019). It is worth noting that polysubstance users also encounter more complex issues, such as 

homelessness and greater exposure to violence (Bazazi et al., 2011).  

There was an independent and strong relationship between homelessness and overdose, in line 

with the data presented in previous research (Fischer et al., 2004). The finding has been attributed 

to the higher intensity of substance use among homeless populations (Fischer et al., 2004). Other 

researchers have addressed homelessness as the determining factor in poor health status among 

PWIDUs (Galea et al., 2002). Additionally, rushed injection attempts in public may increase 

overdose risk in this group (Broadhead et al., 2002; Dovey et al., 2001). Such an explanation could 

also be attributed to the relationship between overdose and using drugs in public identified in the 

present study. Rushed injections among homeless individuals may be due to avoiding police 

confrontations. Individuals might also administer too many psychoactive substances leading to 

overdoses (Brugal et al., 2002). 

Witnessing others’ overdose has been reported as a key risk factor for self-overdose in prior 

research. Such experience (witnessing overdose) is highly prevalent in young PWIDUs (Ochoa et 

al., 2005).The findings suggested that the likelihood of experiencing a recent overdose experience 

was greater among those using methamphetamine, and in line with the results of some other 

empirical studies (Gossop et al., 2002; Kinner et al., 2012). In the present study, there were 

associations between non-fatal overdose and non-injection methamphetamine use among PWIDUs 

as has been reported in several studies (Coffin et al., 2003; Sergeev et al., 2003). There were also 

associations in the present study between overdose and opiates, alcohol, and benzodiazepines use 

among PWIDs as has been reported in several studies (Coffin et al., 2003; Sergeev et al., 2003). 
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Such drugs are depressants of the central nervous system, therefore, the risk of overdose is 

increased following their use, in particular when consumed in combination with other psychoactive 

substances. Prior findings have indicated an association between a significantly-declined risk of 

overdose and non-injection use of any illicit substance (Brugal et al., 2002; Darke et al., 2003).  

A study (Fairbairn et al., 2008) suggested a correlation between increased overdose events and 

experiencing transactional sex. Individuals who report such behaviors could be classified into a 

vulnerable subgroup, reflecting the chaotic or unsafe use of substances associated with enhanced 

sexual risks. Such data also signify the need for providing proper care services by doctors 

specializing in sexually dysfunctional behavior. The relationship between sexual activity and 

overdose requires further investigation. 

Limitations and strengths of the present study 

One of the limitations of the present study was related to the fact that all the studies reviewed were 

based on self-report data which is subject to well-known methods biases (e.g., memory recall, 

social desirability, etc.). Also, most of the selected studies comprised cross-sectional designs, 

meaning causal and temporal relationships between risk behavior and non-fatal overdose were not 

possible. One of the key strengths of the present review was that it examined many different 

variables and high-risk variables associated with non-fatal overdose. Also, the comprehensive 

search strategy, the use of major databases, and the relatively large number of studies that met the 

inclusion criteria are major strengths. Additionally, every observational study was evaluated, 

regardless of geographical location or date of publication. Overall, 13,845 papers were initially 

reviewed, and 67 studies that met the inclusion criteria were considered. 

Conclusion 
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The present study’s results indicate that a significant proportion of the PWUIOs in the studies 

evaluated experienced non-fatal overdoses. The characteristics with the strongest association with 

non-fatal overdose were being of younger age, being female, being homeless, individuals who 

received money, goods, or drugs in exchange for sex, individuals who had witnessed using public 

spaces as primary injection locations, individuals who reported poly-drug use, non-injection 

methamphetamine use, and a high injecting frequency. Consequently, harm-reduction programs 

should consider the provision of education concerning overdose-related risk factors to the 

vulnerable and hard-to-reach PWUIOs. The findings of the present meta-analysis may improve 

harm reduction strategies for drug users and help improve the requirements of enforcement-based 

responses to illicit drug use within health-related programs. 

 

Abbreviations 

People who use illicit opioids (PWUIOs) 

Confidence intervals (CIs) 

Newcastle-Ottawa Scale (NOS) 

Odds ratio (OR) 

Population, Intervention, Comparator, Outcomes (PICO) 

Protocols of Systematic Reviews and Meta-Analyses (PRISMA) 

PWIDUs: people who are injecting drug users. 

World Health Organization (WHO) 
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Table 2. Risk of bias assessment using Newcastle-Ottawa scale 
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Table 4: Variables associated with non-fatal overdose among people who use illicit opioids 

Table 5. Pooled odds ratio of variables associated with non-fatal overdose among PWUIOs. 

 

Fig 1. PRISMA flow diagram 

Figure 2. The prevalence of non-fatal overdose among PWUIOs. 
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Table 1: Search strategy  

 

 PubMed  
#
2
3 

(((((((((((((Death, Sudden, Cardiac[MeSH Terms]) OR (Heart Arrest[MeSH Terms])) OR (non fatal 
overdose[Title/Abstract])) OR (Death[MeSH Terms])) OR (Fetal Death[MeSH Terms])) OR (Myocardial 
Infarction[MeSH Terms])) OR (difficulties with breathing[Title/Abstract])) OR (convulsions[MeSH Terms])) 
OR (Seizures[MeSH Terms])) OR (inability to wake up[Title/Abstract])) OR (collapsing[Title/Abstract])) OR 
(blue skin color[Title/Abstract])) OR (Unconsciousness[MeSH Terms])) AND (((((((Opiums 
Dependence[MeSH Terms]) OR (Morphine Dependence[MeSH Terms])) OR (Drug Users[MeSH Terms])) 
OR (Heroin[MeSH Terms])) OR (Heroin Dependence[MeSH Terms])) OR (Opioid-Related Disorders[MeSH 
Terms])) OR (Opiate Overdose[MeSH Terms])) 

#
2
2 

((((((Opium Dependence[MeSH Terms]) OR (Morphine Dependence[MeSH Terms])) OR (Drug Users[MeSH 
Terms])) OR (Heroin[MeSH Terms])) OR (Heroin Dependence[MeSH Terms])) OR (Opioid-Related 
Disorders[MeSH Terms])) OR (Opiate Overdose[MeSH Terms]) 

#
2
1 

((((((((((((Death, Sudden, Cardiac[MeSH Terms]) OR (Heart Arrest[MeSH Terms])) OR (non fatal 
overdose[Title/Abstract])) OR (Death[MeSH Terms])) OR (Fetal Death[MeSH Terms])) OR (Myocardial 
Infarction[MeSH Terms])) OR (difficulties with breathing[Title/Abstract])) OR (convulsions[MeSH Terms])) 
OR (Seizures[MeSH Terms])) OR (inability to wake up[Title/Abstract])) OR (collapsing[Title/Abstract])) OR 
(blue skin color[Title/Abstract])) OR (Unconsciousness[MeSH Terms]) 

#
2
0 

Death, Sudden, Cardiac[MeSH Terms] 

#
1
9 

Heart Arrest[MeSH Terms] 

#
1
8 

non fatal overdose[Title/Abstract] 

#
1
7 

Death[MeSH Terms] 

#
1
6 

Fetal Death[MeSH Terms] 

#
1
5 

Myocardial Infarction[MeSH Terms] 

#
1
4 

difficulties with breathing[Title/Abstract] 

#
1
3 

convulsions[MeSH Terms] 

#
1
2 

Seizures[MeSH Terms] 

#
1
1 

inability to wake up[Title/Abstract] 

#
1
0 

collapsing[Title/Abstract] 
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#
9 

blue skin color[Title/Abstract] 

#
8 

Unconsciousness[MeSH Terms] 

#
7 

Opium Dependence[MeSH Terms] 

#
6 

Morphine Dependence[MeSH Terms] 

#
5 

Drug Users[MeSH Terms] 

#
4 

Heroin[MeSH Terms] 

#
3 

Heroin Dependence[MeSH Terms] 

#
2 

Opioid-Related Disorders[MeSH Terms] 

#
1 

Opiate Overdose[MeSH Terms] 

 Scopus  
#
2
4 

( ( TITLE-ABS-KEY ( opiate  AND overdose ) )  OR  ( TITLE-ABS-KEY ( opioid-
related  AND disorders ) )  OR  ( TITLE-ABS-KEY ( heroin  AND dependence ) )  OR  ( TITLE-ABS-
KEY ( heroin ) )  OR  ( TITLE-ABS-KEY ( drug  AND users ) )  OR  ( TITLE-ABS-
KEY ( morphine  AND dependence ) )  OR  ( TITLE-ABS-
KEY ( opium  AND dependence ) ) )  AND  ( ( TITLE-ABS-KEY ( unconsciousness ) )  OR  ( TITLE-ABS-
KEY ( blue  AND skin  AND color ) )  OR  ( TITLE-ABS-KEY ( collapsing ) )  OR  ( TITLE-ABS-
KEY ( inability  AND to  AND wake  AND up ) )  OR  ( TITLE-ABS-KEY ( seizures ) )  OR  ( TITLE-ABS-
KEY ( convulsions ) )  OR  ( TITLE-ABS-KEY ( difficulties  AND with  AND breathing ) )  OR  ( TITLE-
ABS-KEY ( myocardial  AND infarction ) )  OR  ( TITLE-ABS-KEY ( fetal  AND death ) )  OR  ( TITLE-
ABS-KEY ( death ) )  OR  ( TITLE-ABS-KEY ( non  AND fatal  AND overdose ) )  OR  ( TITLE-ABS-
KEY ( heart  AND arrest ) )  OR  ( TITLE-ABS-KEY ( death,  AND sudden,  AND cardiac ) ) )  

#
2
3 

( TITLE-ABS-KEY ( unconsciousness ) )  OR  ( TITLE-ABS-
KEY ( blue  AND skin  AND color ) )  OR  ( TITLE-ABS-KEY ( collapsing ) )  OR  ( TITLE-ABS-
KEY ( inability  AND to  AND wake  AND up ) )  OR  ( TITLE-ABS-KEY ( seizures ) )  OR  ( TITLE-ABS-
KEY ( convulsions ) )  OR  ( TITLE-ABS-KEY ( difficulties  AND with  AND breathing ) )  OR  ( TITLE-
ABS-KEY ( myocardial  AND infarction ) )  OR  ( TITLE-ABS-KEY ( fetal  AND death ) )  OR  ( TITLE-
ABS-KEY ( death ) )  OR  ( TITLE-ABS-KEY ( non  AND fatal  AND overdose ) )  OR  ( TITLE-ABS-
KEY ( heart  AND arrest ) )  OR  ( TITLE-ABS-KEY ( death,  AND sudden,  AND cardiac ) )  

#
2
2 

( TITLE-ABS-KEY ( opiate  AND overdose ) )  OR  ( TITLE-ABS-KEY ( opioid-
related  AND disorders ) )  OR  ( TITLE-ABS-KEY ( heroin  AND dependence ) )  OR  ( TITLE-ABS-
KEY ( heroin ) )  OR  ( TITLE-ABS-KEY ( drug  AND users ) )  OR  ( TITLE-ABS-
KEY ( morphine  AND dependence ) )  OR  ( TITLE-ABS-KEY ( opium  AND dependence ) )  

#
2
1 

TITLE-ABS-KEY ( death,  AND sudden,  AND cardiac )  

#
2
0 

TITLE-ABS-KEY ( heart  AND arrest )  

#
1
9 

TITLE-ABS-KEY ( non  AND fatal  AND overdose )  

#
1
8 

TITLE-ABS-KEY ( death )  
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#
1
7 

TITLE-ABS-KEY ( fetal  AND death )  

#
1
6 

TITLE-ABS-KEY ( myocardial  AND infarction )  

#
1
5 

TITLE-ABS-KEY ( difficulties  AND with  AND breathing )  

#
1
4 

TITLE-ABS-KEY ( convulsions )  

#
1
2 

TITLE-ABS-KEY ( seizures )  

#
1
1 

TITLE-ABS-KEY ( inability  AND to  AND wake  AND up )  

#
1
0 

TITLE-ABS-KEY ( collapsing )  

#
9 

TITLE-ABS-KEY ( blue  AND skin  AND color )  

#
8 

TITLE-ABS-KEY ( unconsciousness )  

#
7 

TITLE-ABS-KEY ( opium  AND dependence )  

#
6 

TITLE-ABS-KEY ( morphine  AND dependence )  

#
5 

TITLE-ABS-KEY ( drug  AND users )  

#
4 

TITLE-ABS-KEY ( heroin )  

#
3 

TITLE-ABS-KEY ( heroin  AND dependence )  

#
2 

  
TITLE-ABS-KEY ( opioid-related  AND disorders ) 

#
1 

TITLE-ABS-KEY ( opiate  AND overdose )  

 web of knowledge 
#
1 

TI=(Opioid- 
Related Disorders OR Heroin Dependence OR Heroin OR Drug Users OR Morphine Dependence OR Opium
 Dependence OR Opiate Overdose)  
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years 
   

#
2 

TS=(Unconsciousness OR blue skin color OR collapsing OR inability to wake up OR Seizures OR Convulsa
nts OR difficulties with breathing OR Myocardial Infarction OR Fetal Death OR Death OR non fatal overdos
e OR Heart Arrest OR Death, Sudden, Cardiac)  
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years  

#
3 

#2 AND #1 

 Cochrane  
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#
1 

MeSH descriptor: [Opioid-Related Disorders] explode all trees 

#
2 

MeSH descriptor: [Heroin Dependence] explode all trees 

#
3 

MeSH descriptor: [Heroin] explode all trees 

#
4 

MeSH descriptor: [Drug Users] explode all trees 

#
5 

MeSH descriptor: [Morphine Dependence] explode all trees 

#
6 

MeSH descriptor: [Opium Dependence] explode all trees 

#
7 

MeSH descriptor: [Opiate Overdose] explode all trees 

#
8 

MeSH descriptor: [Unconsciousness] explode all trees 

#
9 

(blue skin color):ti (Word variations have been searched) 

#
1
0 

(collapsing):ti,ab,kw (Word variations have been searched) 

#
1
1 

(inability to wake up):ti,ab,kw (Word variations have been searched) 

#
1
2 

MeSH descriptor: [Seizures] explode all trees 

#
1
3 

MeSH descriptor: [Convulsants] explode all trees 

#
1
4 

(difficulties with breathing):ti,ab,kw (Word variations have been searched) 

#
1
5 

MeSH descriptor: [Myocardial Infarction] explode all trees 

#
1
6 

MeSH descriptor: [Fetal Death] explode all trees 

#
1
7 

MeSH descriptor: [Death] explode all trees 

#
1
8 

(non fatal overdose):ti,ab,kw (Word variations have been searched) 

#
1
9 

MeSH descriptor: [Heart Arrest] explode all trees 

#
2
0 

MeSH descriptor: [Death, Sudden, Cardiac] explode all trees 

#
2
1 

#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 
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#
2
2 

#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 

#
2
3 

#22 AND #23 

 

 

 

 

 

 

 

 

 

Table 2. Risk of bias assessment using Newcastle-Ottawa scale 

Study Selection 
(***•) 

Comparability 
(*) 

Exposure/outcome 
(*••) 

Method of 
assessment 

Quality 
Assessment  

Fairbairn et 
al(Fairbairn et al., 
2008) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies 

Good 

Yang et al(Yang et 
al., 2015) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Caudarella et 
al(Caudarella et al., 
2016) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

O’Halloran et 
al(O’Halloran et 
al., 2017) 

***• * *•• Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies 

Very Good 

Trayner, et 
al(Trayner et al., 
2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Pizzicato et 
al(Pizzicato et al., 
2020) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 
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Fairgrieve et 
al(Fairgrieve et al., 
2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

O’Keefe et 
al(O'Keefe et al., 
2018) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Cheng et al(Cheng 
et al., 2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Fischer et 
al(Fischer et al., 
2004) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Lowder et 
al(Lowder et al., 
2020) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Milloy et al(Milloy 
et al., 2010) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Darke et al(Darke 
et al., 2007) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Uusküla et 
al(Uusküla et al., 
2015) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Seal et al(Seal et 
al., 2001) 

***   Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Bazazi et al(Bazazi 
et al., 2015) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Bergenstrom et 
al(Bergenstrom et 
al., 2008) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 
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Bonar and 
Bohnert(Bonar et 
al., 2016) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Bretteville-Jensen 
et al(Bretteville-
Jensen et al., 2015) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Brugal et al(Brugal 
et al., 2002) 

***• * *•• Newcastle-
Ottawa scale 
adapted for 
cohort studies 

Very Good 

Brugal et al(Brugal 
et al., 2005) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Burke et al(Burke 
et al., 2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Coffin et al(Coffin 
et al., 2007) 

***  * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Darke and 
Ross(Darke et al., 
1997) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Darke et al(Darke 
et al., 2005) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Dayton et 
al(Dayton et al., 
2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Escudero et 
al(Escudero et al., 
2016) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Finkelstein et 
al(Finkelstein et 
al., 2016) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 
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Galea et al(Galea et 
al., 2006) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Grzebinski et 
al(Grzebinski et 
al., 2020) 

*** *  Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Hakansson et 
al(Hakansson et 
al., 2008) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Hunter et al(Hunter 
et al., 2018) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Kilaru et al(Kilaru 
et al., 2020) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Kerr et al(Kerr et 
al., 2007) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Lagu et al(Lagu et 
al., 2006) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Lake et al(Lake et 
al., 2015) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Latkin et al(Latkin 
et al., 2018) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Madah-Amiri et 
al(Madah-Amiri et 
al., 2018) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Fendrich, et 
al(Fendrich et al., 
2019) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 
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Martin et al(Martin 
et al., 2014) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

McGregor et 
al(Mcgregor et al., 
1998) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Nam et al(Nam et 
al., 2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Britton et 
al(Britton et al., 
2010) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Kinner et al(Kinner 
et al., 2012) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Walley et 
al(Walley et al., 
2014) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Yule et al(Yule et 
al., 2018) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Yule et al(Yule et 
al., 2019) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Cochran et 
al(Cochran et al., 
2017) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Ochoa et al(Ochoa 
et al., 2005) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Otachi et al(Otachi 
et al., 2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 
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Zhou et al(Zhou et 
al., 2016) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Groenewald et 
al(Groenewald et 
al., 2019) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Prangnell et 
al(Prangnell et al., 
2019) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Rafful et al(Rafful 
et al., 2018) 

***   Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Riggs et al(Riggs et 
al., 2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Blackburn et 
al(Blackburn et al., 
2017) 

***  * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Park et al(Park et 
al., 2018) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Noroozi et 
al(Noroozi et al., 
2020) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Saleem et 
al(Saleem et al., 
2020) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cohort studies 

Very Good 

Schiavon et 
al(Schiavon et al., 
2018) 

* * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Satisfactory 

Stewart et 
al(Stewart et al., 
2002) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 
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Suffoletto and 
Zeigler(Suffoletto 
et al., 2020) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Tobin and 
Latkin(Tobin et al., 
2003) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Van Beek et al(van 
Beek et al., 2004) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Wallace et 
al(Wallace et al., 
2019) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

Yin et al(Yin et al., 
2007) 

*** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Very Good 

Sherman et 
al(Sherman et al., 
2007) 

** * * Newcastle-
Ottawa scale 
adapted for 
cross-sectional 
studies  

Good 

*: For cross-section studies 

•: For cohort studies 
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Table 3: characteristics of non-fatal overdose among PWUD 

Author  participants Sample 
Size 

Year Country Study 
Design 

Fairbairn et 
al(Fairbairn et al., 
2008) 

IDU 551 2008 Canada Cohort 

Yang et al(Yang et 
al., 2015) 

DU 9010 2015 USA Cross-
section 

Caudarella et 
al(Caudarella et 
al., 2016) 

DU 2598 2016 Canada Cross-
section 

O’Halloran et 
al(O’Halloran et 
al., 2017) 

IDU 3850 2018 Ireland Cross-
section 

Trayner, et 
al(Trayner et al., 
2020) 

IDU 1469 2020 Scotland Cross-
section 

Pizzicato et 
al(Pizzicato et al., 
2020) 

DU 370 2019 USA Cross-
section 

Fairgrieve et 
al(Fairgrieve et al., 
2020) 

IDU 889 2019 Canada Cross-
section 

O’Keefe et 
al(O'Keefe et al., 
2018) 

IDU 757 2017 Australia Cohort 

Cheng et al(Cheng 
et al., 2020) 

DU 599 2020 Canada Cross-
section 

Fischer et 
al(Fischer et al., 
2004) 

DU 679 2004 Canada Cross-
section 

Lowder et 
al(Lowder et al., 
2020) 

DU 24031 2011 USA Cross-
section 

Milloy et al(Milloy 
et al., 2010) 

IDU 252 2010 Thailand Cohort 

Darke et al(Darke 
et al., 2007) 

DU 387 2007 Australia Cohort 

Uusküla et 
al(Uusküla et al., 
2015) 

IDU 588 2015 Russia 
and 
Estonia 

Cross-
section 

Seal et al(Seal et 
al., 2001) 

IDU 1427 2001 USA Cross-
section 

Bazazi et al(Bazazi 
et al., 2015) 

IDU 460 2015 Malysia Cross-
section 

Bergenstrom et 
al(Bergenstrom et 
al., 2008) 

IDU 299 2008 Vietnam Cross-
section 

Bonar and 
Bohnert(Bonar et 
al., 2016) 

IDU 91 2016 USA Cross-
section 

Bretteville-Jensen 
et al(Bretteville-
Jensen et al., 2015) 

IDU 1355 2014 Norway Cross-
section 
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Brugal et 
al(Brugal et al., 
2002) 

DU 2556 2001 Spain case-
control 

Brugal et 
al(Brugal et al., 
2005) 

DU 5049 2005 Spain Cohort 

Burke et al(Burke 
et al., 2020) 

DU 2154426 2019 USA Cohort 

Coffin et al(Coffin 
et al., 2007) 

IDU 772 2007 USA Cross-
section 

Darke and 
Ross(Darke et al., 
1997) 

IDU 312 1997 Australia Cross-
section 

Darke et al(Darke 
et al., 2005) 

DU 495 2005 Australia Cross-
section 

Dayton et 
al(Dayton et al., 
2020) 

IDU 372 2020 USA Cross-
section 

Escudero et 
al(Escudero et al., 
2016) 

IDU 15070 2016 Canada Cross-
section 

Finkelstein et 
al(Finkelstein et 
al., 2016) 

DU 88553 2016 Canada Cohort 

Galea et al(Galea 
et al., 2006) 

DU 1066 2008 USA Cross-
section 

Grzebinski et 
al(Grzebinski et 
al., 2020) 

DU 64426 2020 USA Cross-
section 

Hakansson et 
al(Hakansson et 
al., 2008) 

DU 7085 2008 Sweden Cross-
section 

Hunter et 
al(Hunter et al., 
2018) 

IDU 283 2018 USA Cross-
section 

Kilaru et al(Kilaru 
et al., 2020) 

DU 6451 2020 USA Cohort 

Kerr et al(Kerr et 
al., 2007) 

IDU 1587 2007 Canada Cross-
section 

Lagu et al(Lagu et 
al., 2006) 

DU 329 2005 USA Cross-
section 

Lake et al(Lake et 
al., 2015) 

IDU 1660 2015 Canada Cross-
section 

Latkin et 
al(Latkin et al., 
2018) 

DU 450 2018 USA Cross-
section 

Madah-Amiri et 
al(Madah-Amiri 
et al., 2018) 

DU 1054 2018 Norway Cross-
section 

Fendrich, et 
al(Fendrich et al., 
2019) 

DU 368 2019 USA Cross-
section 

Martin et 
al(Martin et al., 
2014) 

DU 607 2014 Canada Cross-
section 
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McGregor et 
al(Mcgregor et al., 
1998) 

DU 218 1998 Australia Cross-
section 

Nam et al(Nam et 
al., 2020) 

DU 246466 2020 USA Cohort 

Britton et 
al(Britton et al., 
2010) 

DU 3900 2010 USA Cross-
section 

Kinner et 
al(Kinner et al., 
2012) 

DU 2515 2012 Canada Cohort 

Walley et 
al(Walley et al., 
2014) 

IDU 294 2014 Russia Cross-
section 

Yule et al(Yule et 
al., 2018) 

DU 200 2018 USA Cross-
section 

Yule et al(Yule et 
al., 2019) 

DU 127 2019 USA Cross-
section 

Cochran et 
al(Cochran et al., 
2017) 

DU 382828 2019 USA Cross-
section 

Ochoa et al(Ochoa 
et al., 2005) 

IDU 759 2005 USA Cross-
section 

Otachi et 
al(Otachi et al., 
2020) 

IDU 324 2020 USA Cross-
section 

Zhou et al(Zhou et 
al., 2016) 

IDU 340 2016 china Cross-
section 

Groenewald et 
al(Groenewald et 
al., 2019) 

DU 1146412 2019 USA Cohort 

Prangnell et 
al(Prangnell et al., 
2019) 

IDU 327 2018 Canada Cross-
section 

Rafful et al(Rafful 
et al., 2018) 

IDU 671 2018 Mexico Cross-
section 

Riggs et al(Riggs 
et al., 2020) 

DU 5766 2020 USA Cross-
section 

Blackburn et 
al(Blackburn et 
al., 2017) 

IDU 1203 2017 Vietnam Cross-
section 

Park et al(Park et 
al., 2018) 

IDU 203 2018 USA Cross-
section 

Noroozi et 
al(Noroozi et al., 
2020) 

IDU 465 2020 Iran Cross-
section 

Saleem et 
al(Saleem et al., 
2020) 

DU 200 2021 Tanzania Cross-
section 

Schiavon et 
al(Schiavon et al., 
2018) 

DU 244 2018 USA Cross-
section 

Stewart et 
al(Stewart et al., 
2002) 

DU 753 2002 England Cross-
section 
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Suffoletto and 
Zeigler(Suffoletto 
et al., 2020) 

DU 4155 2020 USA Cohort 

Tobin and 
Latkin(Tobin et 
al., 2003) 

DU 729 2003 USA Cross-
section 

Van Beek et al(van 
Beek et al., 2004) 

IDU 3747 2004 Australia Cross-
section 

Wallace et 
al(Wallace et al., 
2019) 

IDU 187 2018 Canada Cross-
section 

Yin et al(Yin et al., 
2007) 

DU 731 2007 china Cross-
section 

Sherman et 
al(Sherman et al., 
2007) 

IDU 39 2008 USA Cross-
section 
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Table 4: Variables associated with non-fatal overdose among people who use illicit opioids 

 

Author  Preval
ence 

Age
>30 
years 

Bei
ng 
fem
ale 

Being 
homel
ess 

Recei
ved 
mone
y, 
goods 
or 
drugs 
in 
excha
nge 
for 
sex 

Used 
a 
speed
ball 

Witne
ssed 
an 
overdo
se 

Publi
c 
inject
ing 

Pol
y 
dru
g 
use 
(m
ore 
>2 
dru
g 
use
) 

Non-
injection 
methamphet
amine use 

Injecti
ng 
freque
ncy 

Fairbairn et 
al(Fairbairn 
et al., 2008) 

ü ü   ü   ü  ü  

Yang et 
al(Yang et 
al., 2015) 

ü           

Caudarella 
et 
al(Caudarel
la et al., 
2016) 

ü           

O’
Halloran et 
al(O’
Halloran et 
al., 2017) 

ü    ü    ü   

Trayner, et 
al(Trayner 
et al., 2020) 

       ü    

Pizzicato et 
al(Pizzicato 
et al., 2020) 

   ü  ü ü  ü   

Fairgrieve 
et 
al(Fairgriev
e et al., 
2020) 

         ü  

O’Keefe et 
al(O'Keefe 
et al., 2018) 

  ü         

Cheng et 
al(Cheng et 
al., 2020) 

 ü  ü      ü  

Fischer et 
al(Fischer 
et al., 2004) 

ü   ü        

Lowder et 
al(Lowder 
et al., 2020) 

ü           
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Milloy et 
al(Milloy et 
al., 2010) 

ü    ü   ü ü   

Darke et 
al(Darke et 
al., 2007) 

ü           

Uusküla et 
al(Uusküla 
et al., 2015) 

          ü 

Seal et 
al(Seal et 
al., 2001) 

ü    ü      ü 

Bazazi et 
al(Bazazi et 
al., 2015) 

ü         ü  

Bergenstro
m et 
al(Bergenst
rom et al., 
2008) 

ü ü       ü   

Bonar and 
Bohnert(Bo
nar et al., 
2016) 

ü ü          

Bretteville-
Jensen et 
al(Brettevill
e-Jensen et 
al., 2015) 

ü           

Brugal et 
al(Brugal et 
al., 2002) 

ü          ü 

Brugal et 
al(Brugal et 
al., 2005) 

ü          ü 

Burke et 
al(Burke et 
al., 2020) 

 ü  ü        

Coffin et 
al(Coffin et 
al., 2007) 

ü ü          

Darke and 
Ross(Darke 
et al., 1997) 

ü           

Darke et 
al(Darke et 
al., 2005) 

ü        ü   

Dayton et 
al(Dayton 
et al., 2020) 

          ü 

Escudero et 
al(Escudero 
et al., 2016) 

ü   ü        

Finkelstein 
et 

  ü         
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al(Finkelste
in et al., 
2016) 
Galea et 
al(Galea et 
al., 2006) 

ü   ü        

Grzebinski 
et 
al(Grzebins
ki et al., 
2020) 

  ü         

Hakansson 
et 
al(Hakanss
on et al., 
2008) 

ü         ü  

Hunter et 
al(Hunter et 
al., 2018) 

       ü    

Kilaru et 
al(Kilaru et 
al., 2020) 

  ü         

Kerr et 
al(Kerr et 
al., 2007) 

ü  ü ü  ü  ü    

Lagu et 
al(Lagu et 
al., 2006) 

ü      ü     

Lake et 
al(Lake et 
al., 2015) 

       ü ü   

Latkin et 
al(Latkin et 
al., 2018) 

ü     ü   ü   

Madah-
Amiri et 
al(Madah-
Amiri et al., 
2018) 

       ü    

Fendrich, et 
al(Fendrich 
et al., 2019) 

ü ü ü      ü   

Martin et 
al(Martin et 
al., 2014) 

ü   ü        

McGregor 
et 
al(Mcgrego
r et al., 
1998) 

ü        ü   

Nam et 
al(Nam et 
al., 2020) 

  ü         
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Britton et 
al(Britton et 
al., 2010) 

ü           

Kinner et 
al(Kinner et 
al., 2012) 

ü       ü  ü  

Walley et 
al(Walley et 
al., 2014) 

ü          ü 

Yule et 
al(Yule et 
al., 2018) 

ü         ü ü 

Yule et 
al(Yule et 
al., 2019) 

ü           

Cochran et 
al(Cochran 
et al., 2017) 

  ü         

Ochoa et 
al(Ochoa et 
al., 2005) 

ü     ü ü     

Otachi et 
al(Otachi et 
al., 2020) 

ü           

Zhou et 
al(Zhou et 
al., 2016) 

ü           

Groenewal
d et 
al(Groenew
ald et al., 
2019) 

ü           

Prangnell et 
al(Prangnel
l et al., 
2019) 

ü   ü        

Rafful et 
al(Rafful et 
al., 2018) 

ü          ü 

Riggs et 
al(Riggs et 
al., 2020) 

   ü   ü     

Blackburn 
et 
al(Blackbur
n et al., 
2017) 

          ü 

Park et 
al(Park et 
al., 2018) 

ü  ü ü  ü      

Noroozi et 
al(Noroozi 
et al., 2020) 

ü        ü   
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Saleem et 
al(Saleem 
et al., 2020) 

ü           

Schiavon et 
al(Schiavon 
et al., 2018) 

      ü     

Stewart et 
al(Stewart 
et al., 2002) 

ü           

Suffoletto 
and 
Zeigler(Suf
foletto et 
al., 2020) 

ü   ü         

Tobin and 
Latkin(Tobi
n et al., 
2003) 

ü          ü 

Van Beek et 
al(van Beek 
et al., 2004) 

ü       ü    

Wallace et 
al(Wallace 
et al., 2019) 

ü       ü    

Yin et 
al(Yin et 
al., 2007) 

ü          ü 

Sherman et 
al(Sherman 
et al., 2007) 

ü   ü        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

Table 5. Pooled odds ratio of variables associated with non-fatal overdose among PWUD. 

Variables  Model Number 
study 

ORs, 95%CI Degrees of 
freedom 

p* I2 

Age<30 years Random 7 1.31, 95%CI(1.16-1.48) 6.00 0.01 0.97 
Being female Random 10 1.66, 95%CI(1.01-2.73) 9.00 0.01 0.99 
Being homeless Random 12 1.64, 95%CI(1.45- 1.84) 11.00 0.14 0.32 
Received money, goods or 
drugs in exchange for sex 

Random 4 1.77, 95%CI(1.46-2.15) 3.00 0.04 0.00 

Used a speedball Random 5 1.33, 95%CI(0.85-2.08) 4.00 0.92 0.00 
Witnessed an overdose Random 5 2.22, 95%CI(1.61-3.08) 4.00 0.01 0.72 
Public injecting Random 10 1.61, 95%CI(1.37-1.89) 9.00 0.01 0.64 
Poly drug use (more >2 
drug use) 

Random 10 1.73, 95%CI(1.44-2.07) 9.00 0.01 0.69 

Non-injection 
methamphetamine use 

Random 7 2.01, 95%CI(1.66- 2.43) 6.00 0.31 0.16 

Injecting frequency Random 12 2.66, 95%CI(1.80-3.92) 11.00 0.01 0.93 
  

*P related to heterogeneity statistic 

 


