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Abstract

Background—The prevalence of chemsex has been reported by multiple systematic reviews 

among men who have sex with men (MSM) focussing predominantly on the Global North. An 

Asian perspective with meta-analytical evidence is missing. This meta-analysis summarised the 

prevalence of substance use associated with chemsex, and chemsex activity among MSM and 

MSM sub-populations in Asia, as well as the likelihood for chemsex among MSM living with or 

without HIV.

Methods—We utilized PubMed, Web of Science and medRxiv to search for literature describing 

chemsex and its associated substance use among MSM and MSM sub-populations in Asia from 

January 1, 2010 to November 1, 2021 to conduct three meta-analyses with both frequentist and 

Bayesian approaches.

Results—We identified 219 studies and included 23 in the meta-analysis. Based on the 

frequentist models, methamphetamine was the default substance associated with chemsex among 

MSM in Asia (prevalence=0.16, 95%CI:0.09–0.22), followed by GHB/GBL (prevalence=0.15, 

95%CI:0.03–0.27) and ketamine (prevalence=0.08, 95%CI:0.04–0.12), but hardly any cocaine 

(prevalence=0.01, 95%CI:0.00–0.03). Compared to a general MSM population (prevalence=0.19, 

95%CI:0.15–0.23), MSM engaging in transactional sex showed a higher prevalence of chemsex 

(MSM sex work clients [prevalence=0.28, 95%CI:0.11–0.45]; MSM sex worker [prevalence=0.28, 

95%CI:0.17–0.26]). MSM living with HIV also showed higher odds of chemsex activity 

(OR=3.35, 95%CI:1.57–7.10), compared to MSM living without HIV. Both meta-analytic models 

converged, indicating robust evidence.

Conclusions—Our meta-analyses showed that chemsex is not uncommon among MSM, and 

MSM engaging in transactional sex in Asia. We confirmed that MSM living with HIV have a 
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higher likelihood of engaging in chemsex, too. Chemsex prevention and management strategies in 

Asia should be adjusted accordingly.
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1. Introduction

Chemsex, referring to the use of specific drugs before or during planned sexual activities 

to facilitate, initiate, prolong, sustain and intensify the encounter, usually includes using 

mephedrone, crystal methamphetamine, Gamma hydroxybutyrate/Gamma butyrolactone 

(GHB/GBL), cocaine and ketamine (Adam Bourne, Reid, Hickson, Torres Rueda, & 

Weatherburn, 2014; Maxwell, Shahmanesh, & Gafos, 2019), is reported as an emerging 

public health issue among men who have sex with men (MSM) (Hibbert, Brett, Porcellato, 

& Hope, 2019; Hibbert, Hillis, Brett, Porcellato, & Hope, 2021; Maxwell et al., 2019). 

Multiple health risks are associated with chemsex and are summarised in multiple studies 

and systematic reviews, which included a higher risk of sexual health consequences such 

as HIV infections and sexual transmitted infections (STIs); higher risk of sexual behaviours 

such as condomless anal intercourse (CAI), multiple partners and group sex; higher risk of 

mental health relevant consequences such as depression, anxiety and paranoia; and higher 

risk of poor general health such as malnutrition and dehydration (Herrijgers et al., 2020; 

Hibbert et al., 2021; Maxwell et al., 2019; Pichini, Di Trana, Torrens, Scherbaum, & Zaami, 

2020; Schreck, Victorri-Vigneau, Guerlais, Laforgue, & Grall-Bronnec, 2021).

Most of the aforementioned evidence stems predominantly from Global North research 

contexts. To our knowledge, no systematic review on chemsex with a geographic focus on 

Asia exists. There is one scoping review which focuses on chemsex in Asia with Asian 

evidence but without peer review yet (Newland & Kelly-Hanku, 2021). This is a glaring 

reminder of the missing information from an Asian context. Secondly, systematic review 

data can often be rather unprecise, too. Summarised estimates range from 3% to 29% MSM 

for chemsex with non-injecting drug use, and from 1% to 50% MSM for chemsex with 

injecting drug use (based on studies from the Global North (mostly from United States and 

Western Europe (Maxwell et al., 2019)). Such summaries cannot be regarded as reliable 

epidemiological estimation and render a need for reliable meta-analytic evidence.

Furthermore, chemsex prevalence varies within the general MSM population. Chemsex 

activity is frequently observed and reported for specific MSM sub-populations, such as 

MSM who engage in transactional sex, for example sex workers and their clients (Brooks-

Gordon & Ebbitt, 2021). One systematic review has summarized that persons in active use 

are more likely than persons not in active use to have received money for sex (Tomkins, 

George, & Kliner, 2019). Also, two systematic reviews have corroborated evidence for the 

association of chemsex and the HIV status of MSM (Lafortune et al., 2021; Maxwell et 

al., 2019). For all sub-groups, meta-analytic evidence is still missing in general, and for the 

Asian context in particular.
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To bridge the literature and data gaps of chemsex and substance use associated with 

chemsex as defined by Maxwell et al. (2019, detailed definition see Section 2.3.1) among 

MSM, the meta-analyses reported here aim to investigate the prevalence of chemsex 

associated substances and chemsex activity among MSM, MSM engaging in transactional 

sex, and to clarify the risk/likelihood of chemsex activity between MSM living with and 

without HIV, in an Asian context. Also, to account for a biased estimation of the meta-

analytic effect in frequentist meta-analytic models with low amounts of studies entered, we 

also conducted a Bayesian meta-analysis to compare parameters with the aim of improving 

the informational value of the analysis.

2. Material and methods

2.1 Selection Criteria and Search Strategy

This meta-analysis is reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) Statement (Hutton et al., 2015). The 

PRISMA statement checklist report can be found in the Appendix S1.

We selected relevant studies published between January 1, 2010 and November 1, 2021, 

by searching PubMed, Web of Science and medRxiv, using terms for chemsex, MSM 

population and Asian regions. Pertinent keywords and Medical Subject Headings (MeSH) 

terms related to these categories were used to maximize the output from the literature search 

(see Appendix S2 for full search terms). We also reviewed the references of included articles 

and relevant other systematic reviews and meta-analysis to ensure the comprehensiveness of 

the research presented.

The inclusion criteria for this meta-analysis included the following: 1) Having data on 

chemsex and any chemsex activities among adults who belong to the MSM population, 

including MSM in general, MSM sex work clients and MSM sex workers; 2) Having 

conducted and reported data from an specific Asian country/region (as defined by World 

Bank regions East Asia Pacific EAP and Japan, www.worldbank.org/en/region/eap); 3) 

Having published between January 1, 2010 and November 1, 2021 (data collection time 

must post to January 2010); 4) If possible, data on chemsex activities among MSM 

population based on HIV status was extracted to compare the chance of chemsex activity 

between MSM living with/without HIV. However, we did not exclude studies if they did 

not report HIV status or linked HIV status and chemsex engagement. Studies which 1) 

were conducted among MSM under 18 years; 2) did not report chemsex or any chemsex 

substance use; or 3) were case series, case reports, reviews or other systematic reviews/

meta-analysis, letters to the editor, opinion pieces, conference abstracts, dissertations/thesis 

and articles without the outcomes of interest were excluded from the screening process.

2.2 Data Extraction and Quality Assessment

Data extraction and the evaluation of the literature quality were conducted by HW. 

Mendeley (version 1.19.4) was used to record all available information. The Newcastle-

Ottawa Scale for nonrandomised studies was used to assess the methodological quality of 

the included studies with a cohort study design (Wells et al., 2000).
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2.3 Statistical Analysis

2.3.1 Prevalence of chemsex, substance use associated with chemsex 
among MSM—Similar to the Global North focus of previous meta-analytic evidence, also 

the definition of chemsex is driven by a Global North perspective. Yet, substance prevalence 

has been shown to differ by global region (Hunter, Dargan, Benzie, White, & Wood, 2014; 

Liao et al., 2013; Lim, Akbar, Wickersham, Kamarulzaman, & Altice, 2018; Noor et al., 

2021; Schmidt et al., 2016; Wei, Guadamuz, Lim, Huang, & Koe, 2012; White et al., 2014; 

Zaller et al., 2017) and likewise substance use associated with chemsex differs accordingly. 

First, we extracted the absolute number of MSM and MSM who had sex under the influence 

of various substances. We then grouped data by chemsex associated substances, namely 

cocaine, GHB/GBL, ketamine, mephedrone and methamphetamine, using the classification 

reported by Maxwell et al. (2019), for publications that did not report chemsex activity as 

such but listed specific substance use or used different abstract labels for the substance use. 

The lifetime engagement was collected as the default and the longest available timeframe 

was collected in case lifetime engagement data is missing. We re-calculated the prevalence 

of chemsex associated substance use among general MSM through our meta-analysis, 

instead of extracting the original proportion reported in the included studies.

We then extracted the absolute number of MSM reported by the selected studies for the 

quantitative synthesis and grouped data by MSM subgroups. This was coded as general 

MSM (without further information such as engaging in sex work or HIV status), MSM 

engaging in transactional sex (sex work clients and MSM sex workers). In addition, we 

conducted meta-analyses to measure the risk/likelihood of chemsex activity among MSM 

living with HIV. In this analysis, we extracted the absolute number of MSM and those 

engaged in chemsex in general and grouped data by HIV status (both self-reported and 

lab-confirmed). We re-calculated the odds ratio (OR) of the chemsex activity between MSM 

living with HIV and MSM not living with HIV through our meta-analysis, instead of 

extracting the original OR, relative risks (RR), or hazard ratios (HR) reported in the original 

studies.

We then extracted the absolute number of MSM engaged in chemsex activities in general, 

excluding specific substance use information. Due to the heterogenous reporting of chemsex, 

we coded chemsex activity as a fact, and included the following outcomes: having sex 

under the influence of new types of drugs, recreational drugs, illicit drugs, substances, 

chemsex, and sexualised drugs. We collected information on which outcome was included 

by the selected studies and included in the analysis as a note. Similar to the prevalence 

for substances associated with chemsex, the lifetime chemsex activities was collected as a 

default, and the longest timeframe available in the selected studies was collected instead 

when lifetime engagement information is missing. Lastly, we re-calculated the prevalence of 

chemsex engagement related to the respective MSM population.

2.3.2 Frequentist and Bayesian meta-analytical approaches—For all three meta-

analyses described in section 2.3.1, we used a random-effects model and the DerSimonian-

Laird method to estimate the model on proportion (Chemsex activities prevalence among 

MSM population and chemsex associated substances prevalence among MSM) or on a log-
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OR scale. The DerSimonian-Laird Q test and I2 values were used to assess heterogeneity, 

with low, moderate, and high heterogeneity corresponding to I2 values of 25%, 50%, and 

75%. In addition, heterogeneity τ was assessed in this study. We investigated a publication 

bias by inspecting funnel plots. To test the funnel plot asymmetry, we used rank correction 

test. The Statistical analysis was carried out using R (version R 4.0.4) using the Metafor 

package v.2.4–0 (Viechtbauer, 2010).

In the analysis of the risk/likelihood of chemsex activity among MSM living with HIV, 

to better estimate the between-study variance given the limited number of studies to be 

included in the meta-analysis, we conducted an additional Bayesian random-effects meta-

analysis, which allows for all sources of uncertainty and incorporate external evidence 

on heterogeneity (Rhodes, Turner, & Higgins, 2014). The Bayesian framework introduces 

a formal combination of a prior probability distribution to obtain a posterior probability 

distribution of the pooled effect (Rhodes et al., 2014). Choosing an informative prior 

is necessary to precisely estimate heterogeneity (Rhodes et al., 2014). Following the 

recommendation of the log-OR endpoints for the simulation (Friede, Röver, Wandel, & 

Neuenschwander, 2017; Röver, 2017), and the application by Wang and Jonas (2021), 

we appointed the half-normal distribution with scale 0.5 as a prior for our Bayesian meta-

analysis (H. Wang & Jonas, 2021). Results were shown as the posterior distribution of the 

fixed effect µ on a log-OR scale, heterogeneity τ and posterior knowledge of a “future” 

observation (prediction distribution). Both estimated fixed effects and random effects with 

95% credible interval (CrI) were compared with the estimates from the classical frequentist 

approach. The Bayesian meta-analysis was carried out by using the Bayesmeta package 

v.2.6 (Röver, 2017).

3. Results

3.1 Research Selection and Characteristics

The search strategy identified 112 studies after removing duplicates. We excluded 64 studies 

after screening the titles and abstracts. Forty-eight studies remained for full-text screening, 

and 25 studies were excluded, leaving 23 studies to be included in the meta-analyses. Figure 

1 shows the selection procedure in this study. Quality assessments were summarised in Table 

1.

Of the selected studies (four cohort studies, one case-control studies and 18 cross-sectional 

studies), 14 of them reported chemsex activity among MSM general population, four of 

them reported chemsex activity among MSM sex work clients, and three of them reported 

chemsex activity among MSM sex workers. For the chemsex associated substances, six of 

them reported using cocaine, six of them reported using GHB/GBL, eight of them reported 

using ketamine, 15 of them reported using methamphetamine and only one of them reported 

using mephedrone (removed from the subgroup meta-analysis). Only eight of the selected 

studies reported links between the chemsex activity and HIV status (See Table 2, Table 3, 

and Table 4 for more detailed study characteristics).
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3.2 Chemsex associated substance use prevalence among MSM

Four chemsex associated substances (cocaine, GHB/GBL, ketamine and methamphetamine) 

were grouped for the meta-analysis, with the exclusion of mephedrone (only one selected 

study reported mephedrone use (Z. Wang et al., 2020)). Figure 2 presents the pooled 

prevalence of these chemsex associated substance prevalence among MSM. Among the 

substances associated with chemsex, methamphetamine has the highest estimated pooled 

prevalence (pooled prevalence=0.16, 95%CI 0.09–0.22, τ=0.13, I2=99.66%), following 

by GHB/GBL (pooled prevalence=0.15, 95%CI 0.03–0.12, τ=0.15, I2=99.73%) and 

ketamine (pooled prevalence=0.08, 95%CI 0.04–0.22, τ=0.05, I2=96.29%). Cocaine use 

was estimated with a very small pooled proportion of 0.01 (95%CI 0.00–0.03, τ=0.17, 

I2=98.30%).

3.3 Chemsex activity prevalence among different MSM population

Our meta-analysis estimated the pooled prevalence for chemsex activity among MSM 

general population as 0.19 (95% confidence interval [CI] 0.15–0.23, τ=0.08, I2=98.70%, 

Table 3, Figure 3). The pooled prevalence for chemsex activity among MSM sex work 

clients was higher than in the MSM general population (pooled prevalence=0.28, 95%CI 

0.11–0.45, τ=0.17, I2=98.30%, Table 3, Figure 3). The pooled prevalence for chemsex 

activity for MSM sex workers is as same as for the MSM sex work clients, but with a 

narrower 95%CI (pooled prevalence=0.28, 95%CI 0.13–0.43, τ=0.12, I2=91.85%, Table 3, 

Figure 3).

3.4 The risk/likelihood of chemsex activity among MSM living with HIV

3.4.1 Frequentist meta-analytical approach—Compared to MSM living without 

HIV, the pooled odds estimate for MSM living with HIV engaging in chemsex activity 

was higher when computed with the classical frequentist approach (OR=3.35, 95%CI= 

1.57–7.10, τ=1.04, I2=96.68%, Figure 4).

3.4.2 Bayesian random-effects meta-analytical approach—A similar but slightly 

larger fixed effect of MSM living with HIV compared to MSM living without HIV was 

estimated by the Bayesian approach with an OR of 3.39 (95%CrI 1.68–6.69, Figure 5). 

The random effect τ was estimated at 0.90 (95%CrI 0.57–1.31). The prediction of the 

likelihood was estimated at a similar value of 3.39 but with a statistically insignificant 

prediction distribution (95%CrI 0.45–24.78). All comparisons between the two approaches 

are summarised in Table 4. Detailed information for the posterior distributions can be found 

in Appendix S4.

3.5 Publication bias

There was no evidence of a publication bias for all meta-analyses in this study based on the 

funnel plots and the rank correction test. The publication bias assessment can be found in 

Appendix S3.
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4. Discussion

To our knowledge, this is the first study to investigate the prevalence of chemsex and 

chemsex associated substances among MSM and different MSM sub-populations, together 

with the likelihood of chemsex activity in Asian region with meta-analytical evidence. 

Additionally, we applied a Bayesian meta-analysis to explore the influence from between-

studies variance on the pooled results when the number of primary data available is limited 

following the suggestion from Wang and Jonas (2021) to increase the robustness of the 

estimates (H. Wang & Jonas, 2021). This meta-analysis of 23 studies showed a differential 

prevalence by chemsex related substances in Asia. While crystal methamphetamine is the 

most prevalent, cocaine is the least. GHB/GBL and ketamine showed more variability. 

Furthermore, this meta-analysis not only revealed a high prevalence of chemsex and 

chemsex associated substance use among MSM, especially those who engage transactional 

sex (both sex workers and clients) in Asia, but also summarised evidence that MSM living 

with HIV had a higher risk, respectively likelihood, to engage in chemsex compared 

to MSM living without HIV. These findings were confirmed by both meta-analytical 

approaches.

4.1 Chemsex associated substance use among MSM in Asia

Our pooled prevalence findings on the substances associated with chemsex revealed very 

little cocaine use among MSM in Asian contexts from 2010 onwards. This finding 

corroborated the findings from Wei et al. (2012) of 1.8% prevalence, using data from 

Asian Internet MSM Sex Survey 2010 (AIMSS-2010) for the Asian region (Wei et al., 

2012), and is much lower than the reported cocaine use as a chemsex associated substance 

usually found in other regions (Hunter et al., 2014; Noor et al., 2021; Schmidt et al., 2016; 

White et al., 2014; Zaller et al., 2017). Within our expectations, methamphetamine is the 

chemsex associated substance of choice among MSM in Asia. This finding corroborated 

Asia-specific studies (Liao et al., 2013; Lim et al., 2018; Wei et al., 2012), but is different 

from the report from Amsterdam where GHB/GBL is the most common substance among 

MSM (Drückler, van Rooijen, & de Vries, 2018). However, our pooled estimate is much 

higher than the findings from Wei et al. (2012) of 4.0% prevalence based AIMSS-2010 

data and similar but slightly lower than the estimation from Europe (Schmidt et al., 

2016). This may suggest an increase of methamphetamine use in the Asian setting, 

however, evidence from a longitudinal cohort study is needed to confirm this assumption. 

Following methamphetamine, GHB/GBL and ketamine were used as frequently as well. 

Both substances were estimated with a higher pooled prevalence among MSM than the 

reported estimates from Wei et al. (2012), but much lower than the estimates from the 

European context (Drückler et al., 2018; Schmidt et al., 2016; Wei et al., 2012). However, 

the large variabilities for these two substances based on the included studies in our meta-

analytical analysis should not be ignored (Table 2, Figure 2). More comprehensive data is 

thus needed in terms of accuracy. Furthermore, the fact that only one selected study reported 

mephedrone use can be interpreted that mephedrone, as a substance usually associated with 

chemsex in other regions, is yet to be emergent in Asia. This substance should be monitored, 

given that existing reports have confirmed the popularity of mephedrone among MSM 

elsewhere (Drückler et al., 2018; Schmidt et al., 2016). Our meta-analytic findings showed 
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that substances associated with chemsex, especially methamphetamine, are not uncommon 

among MSM in Asia. Even though this use is less prevalent than in the Global North, 

attention, public health implications, and harm reduction interventions should be given to 

MSM populations in Asia to prevent additional harms due to the use of these substances for 

sexualized purposes.

4.2 Chemsex among different MSM sub-populations

Chemsex among the general MSM population is not uncommon in Asia. According to 

our meta-analysis, one in five MSM ever engaged in the chemsex. However, an even 

higher prevalence was found in the context of sex work, for both clients and sex workers. 

Almost three in ten MSM engaging in transactional sex ever participated in chemsex. Our 

findings on MSM sex workers is comparable, but slightly lower to the Western setting, 

such as Amsterdam (Peters, Evers, Dukers-Muijrers, & Hoebe, 2020). Reasons for the 

higher prevalence of chemsex activity among MSM sex workers maybe the sense of “being 

control” and “making work easier” during the sex work (Brooks-Gordon & Ebbitt, 2021; 

Druckler et al., 2021), to be able to have transactional sex, or sex with the same gender 

in case of an own heterosexual orientation (Druckler et al., 2021), or to buffer sexual 

violence and discrimination shown by their clients (Wirtz, Peryshkina, Mogilniy, Beyrer, 

& Decker, 2015). Our meta-analytical evidence from Asia, again, stresses the needs for a 

regional and national public health approach for chemsex among MSM, especially for those 

who engaging in transactional sex such as MSM sex workers. In addition, in Asia, MSM 

sex workers often experience a greater distance to healthcare providers and counselling 

resources as they are also (illegal) migrants and may not have access to national health care 

programs (Guadamuz, Clatts, & Goldsamt, 2018). This should be taken into account for 

future investigations and interventions.

In addition, both of our frequentist and Bayesian meta-analysis confirmed the higher risk/

likelihood of chemsex among MSM living with HIV compared to those who live without 

HIV, taking the limited data available into account. Even though in our Bayesian prediction 

model this higher likelihood is not statistically significant for the future estimate, the 

posterior estimation reflects a solid argument. Our findings are consistent with literature 

from Global North contexts (Colfax et al., 2005; Edmundson et al., 2018; Plankey et al., 

2007), and Asia (Wei et al., 2012). While a systematic review also reported this association 

but with inconclusive findings (Maxwell et al., 2019), our study confirmed it with meta-

analytical evidence. Given the established higher risk of acquiring HIV among MSM 

engaged in chemsex due to paying less attention on the health status with their partners 

(Kwan & Lee, 2019), we cannot point to the direction of the causal relationship between 

chemsex activity and HIV status in this meta-analysis. Qualitative studies and further causal 

relationship analysis are needed to reflect on this association. We seek to stress that MSM 

living with HIV should receive additional attention in terms of harm reduction.

4.3 Regional differences in Chemsex reporting and definition

We need to acknowledge that the definition of chemsex in our study is not as concise 

as one would like it to be due to the differences in definitions across the world, and the 

heterogenous terminologies used in publications from Asia. This heterogenous terminology 
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use may also be influenced by local legal boundaries. We are aware that there are 

other commonly used definitions of chemsex different than the one we applied in our 

meta-analysis, such as by Bourne at al. (2015), which did not include ketamine and 

cocaine (A. Bourne, Reid, Hickson, Torres-Rueda, & Weatherburn, 2015), and Stuart 

(2013), which also included the injection drug use (Stuart, 2013). We chose to use both 

a labelling and substance based approach to be able to including articles that did not use a 

chemsex terminology but reported own terminologies but refer to similar substances. Other 

terminologies of chemsex in the selected studies are for example: recreational drugs (Ko et 

al., 2012; Lim et al., 2015; Liu & Detels, 2012; Mao et al., 2021; Pattanasin et al., 2016; 

Xu, Qian, et al., 2014; Xu, Zhang, et al., 2014), sexualised drugs (Z. Wang, Mo, Ip, Fang, 

& Lau, 2020), new type of drugs (He et al., 2018), illicit drugs for sexualised use (Nishijima 

et al., 2013) and substances for sexualised use (Nemoto et al., 2012; Sapsirisavat et al., 

2016; Yang et al., 2016). The included studies using these terminologies thus do not always 

strictly follow the definition of chemsex we applied (Maxwell et al., 2019), and resulted 

in the inclusion of other substances, such as heroin, marijuana or ecstasy. The extracted 

number of substance use in our study would thus be higher and compared to following a 

stricter definition, in turn, our pooled prevalence would be overestimated. The slightly lower 

methamphetamine pooled prevalence among MSM may reflect this overestimation.

Furthermore, our data showed great variability between the substances which attests to the 

dynamic of substances used for chemsex. Novel substances, especially of the cathinone 

subtype are constantly being developed and pushed onto the market. Substances such as 

α-Pyrrolidinohexiophenone (α-php) need to be monitored in the future, as they make 

their entry on the chemsex circuit (Lagoutte-Renosi et al., 2021; Pieprzyca, Skowronek, 

Nižnanský, & Czekaj, 2020). We thus recommend that an Asian regional and global concise 

classification of chemsex should be developed and applied in the future to accelerate 

international cooperation and efforts of chemsex management and prevention.

4.4 Application of Bayesian meta-analysis

Following the recommendation by previous studies of applying Bayesian meta-analysis 

in the context of heterogenous data (Gronau et al., 2017; H. Wang & Jonas, 2021), we 

applied the Bayesian meta-analytical approach in this study, due to the limited number 

of the included studies and their heterogenous setting. With the consistent estimations by 

both frequentist and Bayesian approaches, we consider our findings on the risk/likelihood 

of chemsex activity among MSM living with/without HIV as solid and providing good 

evidence. Compared to the frequentist meta-analysis, our Bayesian estimates generated 

estimates with a narrower 95% credible interval and a smaller and more concise 

heterogeneity τ. We thus believe our estimates from the Bayesian meta-analysis to be more 

robust and closer to the true likelihood in reality. We, again, proved the feasibility and 

applicability of Bayesian meta-analytical approach in the field of HIV and substance use. 

Future synthesis studies in the field of substance and HIV, therefore, should not postpone the 

meta-analytic investigation due to the limited availability of studies, but should instead apply 

this approach for more robust estimates.
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4.5 Study strengths and limitations

Our review has several strengths and limitations. The major strength being the specific 

focus on chemsex among MSM in Asia. To our knowledge, no systematic review of 

chemsex activity among MSM has a focus or sub-theme in the Asian region, and no 

meta-analytical evidence has been published for chemsex activity among MSM and the 

MSM sub-populations. Findings from our study can close this gap and can provide regional 

epidemiological information to public health authorities, non-governmental and community 

organizations in Asia. As the first regional meta-analysis of chemsex activity, we believe 

our methodology can be directly applied in other regions, too. Future studies should thus 

focus on other regions to provide a more comprehensive global picture of chemsex among 

MSM. The application of both the comparative frequentist and Bayesian meta-analysis 

approaches can be considered as another major strength. With the consistent estimated fixed 

effect, results from our meta-analysis can thus better inform subsequent decision making on 

chemsex harm reduction, and HIV prevention and management.

Other than the discussed methodological limitation in section 4.3, one major limitation in 

our review is the limited data from cohort studies. The majority of the included studies 

had a cross-sectional study design and only four of 23 studies had a cohort study design 

(Pattanasin et al., 2016; Piyaraj et al., 2018; Z. Wang et al., 2020; Wansom et al., 2020). 

As a result, a collection bias is possible in our included studies and could have biased our 

pooled estimates. We thus stress a need for conducting more cohort studies with a focus 

on chemsex, and we call for more cohort studies in Asia in particular in the future. In 

addition, one major limitation in our study can be the different time periods for chemsex 

and chemsex associated substance we exacted, as the included both lifetime activity and 

recent activity (three to six month prior). Given the lifetime prevalence can be higher 

than the recent prevalence, our pooled results can actually be underestimated. Another 

limitation in our study is the lack of other subgroups of MSM, such as MSM injecting 

drug users, heterosexual populations, female sex workers, or transgender individuals, and all 

of their intersectional interactions. There is already some evidence that members of these 

populations have been engaging in chemsex (Fan et al., 2021; Lawn, Aldridge, Xia, & 

Winstock, 2019; Xiong, Ong, Wang, Tang, & Wang, 2021). Based on our meta-analytical 

findings thus we cannot draw any conclusions on these populations. Future studies should 

thus focus on these populations, too. In sum, more detailed primary data reporting has the 

potential to improve the quality of future research syntheses and would allow to draw even 

more robust conclusions.

5. Conclusions

In conclusion, chemsex and chemsex associated substances are not uncommon among 

MSM in Asia. Crystal methamphetamine is the most prevalent substance, cocaine the least. 

Developments for ketamine and GHB/GBL should be monitored, there is insufficient data to 

estimate the prevalence of mephedrone. Higher prevalence of chemsex activity were found 

among MSM who engaged in transactional sex compared to the general MSM population. 

MSM living with HIV had an increased likelihood of engaging in chemsex events compared 

to MSM living without HIV. Healthcare providers, activists and substance management 
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authorities should be aware of these characteristics in terms of improving preventive and 

harm reduction interventions. Chemsex classification, especially related to the inclusion of 

substances, should be further harmonised and regionally appropriately defined in the future.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• This is the first meta-analysis of chemsex use among MSM in Asia.

• Chemsex is not uncommon in Asia among MSMPLHIV, and MSM engaged 

in transactional sex.

• Crystal meth is the most common substance, cocaine the least.

• A regionally appropriate definition of chemsex should be developed.

• More cohort studies on chemsex among MSM in Asia are warranted.
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Figure 1. 
PRISMA Flow diagram of the study selection process.
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Figure 2. Forest plot of the chemsex associated substances prevalence among MSM with classic 
frequentist approach.
Note. Cocaine: Heterogeneity: Q=24.04, df=5, p=0.0002, I2=93.16%; GHB/GBL: 

Heterogeneity: Q=312.29, df=5, p<0.0001, I2=99.73%; Ketamine: Heterogeneity: 

Q=193.84, df=7, p<0.0001, I2=96.29%; Methamphetamine: Heterogeneity: Q=665.30, 

df=14, p<0.0001, I2=99.66%. 95%CI=95% confident interval.
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Figure 3. Forest plot of the chemsex activity prevalence among different MSM population with 
classic frequentist approach.
Note. MSM general: Heterogeneity: Q=1218.51, df=13, p<0.0001, I2=98.70%; MSM sex 

work clients: Heterogeneity: Q=156.91, df=3, p<0.0001, I2=98.30%; MSM sex workers: 

Heterogeneity: Q=35.22, df=2, p<0.0001, I2=91.58%. 95%CI=95% confident interval.
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Figure 4. Forest plot of the association of MSM living with HIV in comparison to MSM living 
without HIV in chemsex activity computed with classic frequentist approach.
Note. Heterogeneity: Q=225.31, df=7, p<0.0001, I2=96.68%. 95%CI=95% confident 

interval.
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Figure 5. Forest plot of the association of MSM living with HIV in comparison to MSM 
living without HIV in chemsex activity computed with Bayesian approach with half normal 
distribution prior (scale of 0.5).
Note. 95% CrI = 95% credible interval. The black line indicates the quoted estimates 

specified through effect from individual study and its σi as same as in the frequentist 

approach. The grey line presents the shrinkage intervals which illustrate the posterior of each 

studyʼs true effect. The black diamond presents the posterior distribution of the pooled effect 

while the black bar shows the prediction distribution. The scale on the x-axis is log odds 

ratio.
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Table 1

Newcastle-Ottawa quality assessment of non-randomised studies

Study, Year Country/region Study design Selection Comparability Outcome Total 
score

Result

(Duong et al., 2018) Vietnam Cross-sectional *** ** ** 7 Good

(Han et al., 2020) Thailand Cross-sectional *** ** ** 7 Good

(He et al., 2018) China Cross-sectional *** ** ** 7 Good

(Hidaka et al., 2014) Japan Cross-sectional *** ** ** 7 Good

(Ko et al., 2012) Taiwan, China Cross-sectional *** ** ** 7 Good

(Lim et al., 2015) Malaysia Cross-sectional *** ** ** 7 Good

(Liu & Detels, 2012) China Cross-sectional *** ** ** 7 Good

(Mao et al., 2021) China Cross-sectional *** ** ** 7 Good

(Nemoto et al., 2012) Thailand Cross-sectional *** ** ** 7 Good

(Nishijima et al., 2013) Japan Cross-sectional *** ** ** 7 Good

(Pattanasin et al., 2016) Thailand Cohort study *** ** *** 8 Good

(Piyaraj et al., 2018) Thailand Cohort study *** ** *** 8 Good

(Sapsirisavat et al., 2016) Thailand Cross-sectional *** ** ** 7 Good

(Sze et al., 2020) Hong Kong 
SAR

Cross-sectional *** ** ** 7 Good

(Tan et al., 2021) Singapore Cross-sectional *** ** ** 7 Good

(N. T. T. Vu et al., 2017) Vietnam Cross-sectional *** ** ** 7 Good

(N. T. Vu et al., 2017) Vietnam Cross-sectional *** ** ** 7 Good

(Z. Wang et al., 2020) China Cohort study *** ** ** 7 Good

(Wansom et al., 2020) Thailand Cohort study ** ** ** 6 Fair

(Wu, Shen, Chiou, Fang, & Lo, 
2019)

Taiwan, China Case-control *** ** *** 8 Good

(Xu, Qian, et al., 2014) China Cross-sectional *** ** ** 7 Good

(Xu, Zhang, et al., 2014) China Cross-sectional *** ** ** 7 Good

(Yang et al., 2016) China Cross-sectional *** ** ** 7 Good

The selection, comparability, and exposure of each study were broadly assessed. Studies with 3 or 4 stars in selection domain AND 1 or 2 stars 
in comparability domain AND 2 or 3 stars in outcome/exposure domain were considered of good quality; studies with 2 stars in selection domain 
AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain were considered of fair quality; or were considered as 
poor quality (Wells et al., 2000).
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Table 2

Model summary for chemsex associated substances use among MSM

Substance Study
Substance 

use

Total 
sample 

size Prevalence
Pooled effect 

(95%CI) τ Notes

Cocaine

(Ko et al., 2012) 12 1645 0.01 (0.00, 0.01)

0.01 (0.00, 0.03) 0.01

In the past 6 
months

(Lim et al., 2015) 15 1235 0.01 (0.01, 0.02) In the past 6 
months

(Sapsirisavat et al., 
2016) 3 499 0.01 (0.00, 0.01) Categorised to 

rare/regular

(Sze et al., 2020) 29 569 0.05 (0.03, 0.07) In the past 6 
months

(Z. Wang et al., 2020) 0 88 0.01 (0.00, 0.01) In the past year

(Yang et al., 2016) 1 205 0.00 (0.00, 0.01) MSMLHIV

GHB/GBL

(Ko et al., 2012) 33 1645 0.02 (0.01, 0.03)

0.15 (0.03, 0.27) 0.15

In the past 6 
months

(Lim et al., 2015) 34 1235 0.03 (0.02,0.04) In the past 6 
months

(Sze et al., 2020) 200 569 0.35 (0.31, 0.39) In the past 6 
months

(Tan et al., 2021) 27 570 0.05 (0.03, 0.06) -

(Z. Wang et al., 2020) 29 88 0.33 (0.23, 0.43) in the past year

(Wu et al., 2019) 10 79 0.13 (0.05, 0.20) MSMLHIV

Ketamine

(Ko et al., 2012) 204 1645 0.12 (0.11, 0.14)

0.08 (0.04,0.12) 0.05

In the past 6 
months

(Lim et al., 2015) 76 1235 0.06 (0.05, 0.07) In the past 6 
months

(Nemoto et al., 2012) 22 112 0.20 (0.12, 0.27) Kathoey

(Sze et al., 2020) 63 569 0.11 (0.08, 0.14) In the past 6 
months

(N. T. Vu et al., 2017) 8 622 0.01 (0.00, 0.02) -

(Z. Wang et al., 2020) 2 88 0.02 (−0.01, 0.05) In the past year

(Wu et al., 2019) 6 79 0.08 (0.02, 0.13) MSMLHIV

(Yang et al., 2016) 12 205 0.06 (0.03, 0.09) MSMLHIV

Methamphet 
amine

(Duong et al., 2018) 15 45 0.33 (0.20, 0.47)

0.16 (0.09, 0.22) 0.13

-

(Han et al., 2020) 16 48 0.33 (0.20, 0.47) MSMLHIV

(Hidaka et al., 2014) 211 5731 0.04 (0.03, 0.04) -

(Ko et al., 2012) 25 1645 0.02 (0.01, 0.02) In the past 6 
months

(Lim et al., 2015) 87 1235 0.07 (0.06, 0.08) In the past 6 
months

(Nishijima et al., 
2013) 57 973 0.06 (0.04, 0.07)

History of illicit 
drug use among 
HIV positive 
samples

(Piyaraj et al., 2018) 128 1372 0.09 (0.08, 0.11) -
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Substance Study
Substance 

use

Total 
sample 

size Prevalence
Pooled effect 

(95%CI) τ Notes

(Sapsirisavat et al., 
2016) 18 499 0.04 (0.02, 0.05) Categorised to 

rare/regular

(Sze et al., 2020) 222 569 0.39 (0.35, 0.43) In the past 6 
months

(Tan et al., 2021) 27 570 0.05 (0.03, 0.06) -

(N. T. Vu et al., 2017; 
N. T. T. Vu et al., 
2017)

89 622 0.14 (0.12, 0.17) -

(Z. Wang et al., 2020) 32 88 0.36 (0.26, 0.46) In the past year

(Wansom et al., 2020) 98 563 0.17 (0.14, 0.21) MSMLHIV

(Wu et al., 2019) 21 79 0.27 (0.17, 0,36) MSMLHIV

(Yang et al., 2016) 26 205 0.13 (0.08, 0.17) MSMLHIV

Notes: - refers to information not applicable. 95% CI = 95% confident interval. MSMLHIV = men have sex with men living with HIV. The scale on 
the effects is prevalence.
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Table 3

Model summary for chemsex activity among MSM population

Subgroup Study, Year
Chemsex 
activity

Total 
sample 

size Prevalence
Pooled effect 

(95% CI) τ Notes

MSM general

(He et al., 2018) 101 555 0.18 (0.15, 0.21)

0.19 (0.15, 
0.23) 0.08

New types drugs

(Ko et al., 2012) 264 1645 0.16 (0.14, 0.18) Recreational drugs within 
6 months

Lim et al., 2015) 169 1235 0.14 (0.12, 0.16) Recreational drugs within 
6 month

(Liu & Detels, 2012) 83 418 0.20 (0.16, 0.24) Recreational drugs

(Mao et al., 2021) 275 4496 0.06 (0.05, 0.19) Recreational drugs

(Nishijima et al., 
2013) 392 973 0.40 (0.37, 0.43)

History of illicit drug 
use among HIV positive 
samples

(Pattanasin et al., 
2016) 299 1744 0.17 (0.15, 0.19) Recreational drugs

(Sapsirisavat et 
al.,2016) 53 499 0.11 (0.08, 0.13) Use of substance in the 

past 3 months

(Sze et al., 2020) 356 2687 0.13 (0.12, 0.15) Chemsex

(N. T. T. Vu et al., 
2017) 98 622 0.16 (0.13, 0.19) Recent ATS use before or 

during sex

(Z. Wang et al., 
2020) 116 600 0.19 (0.16, 0.22) Sexualised drug use in 

lifetime

(Wu et al., 2019) 21 79 0.27 (0.17, 0.36) MSMLHIV

(Xu, Qian, et al., 
2014) 145 625 0.23 (0.20, 0.27) Recreational drugs

(Xu, Zhang, et al., 
2014) 1072 3830 0.28 (0.27, 0.29) Recreational drugs

MSM sex 
work clients

(Mao et al., 2021) 201 459 0.44 (0.39, 0.48)

0.28 (0.11, 
0.45) 0.17

Recreational drugs

(Nemoto et al., 2012) 48 112 0.43 (0.34, 0.52)
Having sex under the 
influence of substances in 
the past six months

(Piyaraj et al., 2018) 27 239 0.11 (0.07, 0.15) Methamphetamine only

(Sze et al., 2020) 72 492 0.15 (0.12, 0.18) Chemsex

MSM sex 
workers

(Sze et al., 2020) 60 373 0.16 (0.12, 0.20)

0.28 (0.17, 
0.26) 0.12

Chemsex

(Xu, Qian, et al., 
2014) 6 20 0.30 (0.10, 0.50) Recreational drugs

(Yang et al., 2016) 80 205 0.39 (0.13, 0.43) Used drugs in the past 3 
months

Notes: MSM general refer to MSM without further information in transactional sex. 95% CI = 95% confident interval. MSMLHIV = men have sex 
with men living with HIV. The scale on the effects is prevalence.
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Table 4

Model summary for the risk/likelihood of chemsex activity among MSM living with HIV

HIV negative HIV positive
Frequentist 
approach

Bayesian approach with half normal 
distribution prior†

Study Year
Chemsex 
activity

Total 
Sample 

size
Chemsex 
activity

Total 
Sample 

size

Log 
Odds 
ratio 

(95%CI)

Pooled 
effect 95% 

CI) τ

Fixed 
effect 
(95% 
CrI)

Random 
effect τ 

(95%CrI)

Predictive 
distribution 
(95% CrI)

(He et al., 
2018) 2018 85 473 16 82

0.10 
(−0.49, 
0.70)

1.21 (0.45, 
1.96) 1.04

1.22 
(0.52, 
1.90)

0.90 
(0.57, 
1.31)

1.22 (−0.79, 
3.21)

(Liu & 
Detels, 
2012)

2012 80 404 3 14
0.10 

(−1.20, 
1.40)

(Mao et al., 
2021) 2021 113 4052 162 444

3.00 
(2.73, 
3.27)

(Pattanasin 
et al., 2016) 2016 215 1372 84 372

0.45 
(0.17, 
0.73)

(Sapsirisavat 
et al., 2016) 2016 38 387 15 112

0.35 
(−0.29, 
0.99)

(Sze et al., 
2020) 2020 278 2514 78 173

1.89 
(1.56, 
2.21)

(Xu, Qian, 
et al., 2014) 2014 116 565 29 60

1.29 
(0.74, 
1.83)

(Xu, Zhang, 
et al., 2014) 2014 229 3476 125 354

2.05 
(1.79, 
2.30)

†
Half-normal distributions with scale 0.5. 95% CI = 95% confident interval. 95% CrI = 95% credible interval. The scale on the effects is log odds 

ratio.
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