	Supplementary Table 1: Summary of Articles (n=45) Included in the Systematic Review.

	Article Name
	Study Design & Goal
	VM Description 
	Setting, Location, Target Population (Sample)
	Results 

	Limitations Identified by Article Authors

	Studies of VMs dispensing syringes

	Cama et al. (2014) 
	Cross-sectional

Goal: To understand user characteristics and utilization of syringe exchange programs, including a syringe VM. 

	1 VM dispensing syringes
	In-person needle syringe program in inner-city Sydney, Australia 

PWID (n=91)
	FEASIBILITY (DEMAND): Use of the syringe VM occurred mostly when items could not be accessed from the needle syringe programs, i.e., on weekends and overnight.
ACCEPTABILITY: Accessibility of items was a big draw for the syringe VM users.  
REACH: The average age of users was 39.3 years, with first injection average age being 19.7 years. Majority (77.8%) were male, born in Australia (81.1%), and were not Indigenous Australians (86.5%). Approximately less than half of the participants (33.7%) identified with a sexual orientation other than heterosexual. Many of the respondents were either unemployed (27.8%), receiving a pension or dole (25.6%), or employed full-time (22.2%). Common drugs injected included heroin (37.4%) or amphetamine (27.5%), with most reporting at least daily injection use in the past month (69%). Those who accessed the syringe VMs did not differ in their demographics, knowledge of Hepatitis C, or injection practices (including equipment sharing) compared to those using needle exchange programs.
IMPACT: N/A.
	· Clients accessing the needle syringe program may not be representative of most PWID as program was operated by a peer-based organization
· Potential cross-contamination across the two groups of those using the VM and the in-person needle exchange program.
· May not necessarily reflect the hidden group of syringe-using VM users.

	Coupland et al. (2022)
	Cross-sectional 

Goal: Explore the feasibility of offering Hepatitis C testing and treatment with syringe VMs.

	1 VM dispensing syringe kits (with other clean supplies, e.g., alcohol swabs, water)  
	Large inner-city teaching hospital in Sydney, Australia

PWID (n=70)
	FEASIBILITY: N/A. 
ACCEPTABILITY: Many were unwilling to engage with researchers. Out of those surveyed, many reported being tested for Hepatitis C in the past 12 months, most commonly in prison or at opioid agonist treatment centers. 
REACH: From the fieldwork observations, VM users are diverse in age (20-70 years old), socioeconomic status, housing status, and cultural backgrounds, with most users being male (74%) and over the age of 40 years (60%). Most (59%) identified as male, with 40% as female, and 1% as non-binary. Median age was 42 years and most lived locally. Many were injection users (n=67), with methamphetamine being the most common drug (58%) and the majority reporting less than daily injection use (53%).
IMPACT: N/A. 
	· Many individuals were reluctant to engage with the researchers
· Fieldwork sessions generating estimations as opposed to concrete numbers 
· Survey was brief and gathered limited data as it was designed to be administered quickly 

	Day et al. (2016)
	Cross-sectional

Goal: Evaluate whether the syringe VM attracted non-local PWID, and whether the VM caused a rise in local drug-related crime.

	1 VM dispensing syringes
	In-person needle syringe exchange program in an inner-city suburb of Sydney, Australia (area known for being a popular drug market)

PWID (n=274, of which 55 were VM users directly interviewed)
	FEASIBILITY (DEMAND): Out of those who obtained clean supplies in the past month from the program, only 2% obtained it from the VM. Almost all (95%) of the VM users also used the existing needle syringe exchange program.
ACCEPTABILITY: N/A. 
REACH: Participants were clients of the needle syringe exchange program, who were mostly male (64%), with a median age of 40, and with heroin as the most recently injected drug. Many VM users (n=56/72, 78%) traveled to the VM by foot, with the remaining traveling by car (n=12, 17%) or bicycle (n=4, 6%).
IMPACT: In the suburb containing the VM, fraud was the only drug-related crime that experienced a significant increase (p<0.05), with other drug-related crimes remaining constant or declining over the two-year period. However, surrounding suburbs without the VM experienced similar drug-related crime trends in the same time period.
	· Impact measures relied on police-recorded criminal offenses, which may be erroneous and underrepresent crime.
· Small sample of VM users who were directly interviewed (n=55).

	Deimel et al. (2000)
	Cross-sectional 

Goal: Describe supply chain logistics in providing harm reduction items for VMs and to produce practice-based evidence for VM operations

	110 VMs dispensing syringes, condoms, and sterile drug use materials
	North Rhine-Westphalia, Germany

PWID (n=36 VM operators)

	FEASIBILITY (DEMAND): The 110 VMs in NRW distributed 138,765 syringes in 1 year. Over two years, VMs distributed 6.0-7.2% of all syringes given to PWID in the region.
FEASIBILITY (PRACTICALITY): Social workers with HIV/AIDS and addiction help centers restocked most of the VMs (n=27), requiring additional costs and taking 32.5 minutes per week. Many operators (n=20/36) reported vandalism, and highlighted a need to improve the machines’ technology to make it more robust.
ACCEPTABILITY: Conflicts within the community (e.g., with local residents and business-people) may occur with the installation and operation of a new syringe VM.
REACH: VMs supplied most of the syringes in regional and rural areas (90.3%-100%), while supplying a minority in cities (1.2-8.3%).
IMPACT: N/A. 
	· Potential response bias.

	Dodding & Gaughwin (1995)
	Cross-sectional 

Goal: Examine the feasibility and barriers of implementing syringe VMs in Australia

	Proposed VMs dispensing needles and syringes

	Perth and Adelaide, Australia

PWID (n=24)

	FEASIBILITY (IMPLEMENTATION): Participants viewed the VM location as an important issue, with many agreeing that it should be placed in multiple, inconspicuous locations that would also serve to enhance the safety of the users. Participants were also concerned about safe disposal of used injecting equipment, but were not concerned about VMs needing to provide additional information about safe injection practices. 
ACCEPTABILITY: Majority of participants believed that VMs would be accepted by the PWID community and would particularly benefit younger PWID who use drugs occasionally and recreationally. All participants agreed that increasing syringe availability would not encourage new intravenous drug use.
REACH: N/A.
IMPACT: N/A. 
	· Small sample size
· Limited generalizability due to recruitment through needle and syringe exchange programs, pharmacies, and community organizations focused on drug use. 

	Duplessy & Raynaud (2014)
	Retrospective observational 

Goal: Evaluate the effectiveness of syringe dispensing VMs to address concerns and to improve its output. 

	34 VMs dispensing syringes, condom (1), and IV drug use equipment 

	Train stations in Paris, France

PWID


	FEASIBILITY (DEMAND): The number of syringes distributed increased by 202% over the 12 years, with activity varying by each location. Two VMs were responsible for over 50% of syringes exchanges. On average, 3.76 syringes are dispensed per session with most of the activity occurring before early evening.
ACCEPTABILITY: N/A.
REACH: N/A.
IMPACT: N/A.
	· Variability in types of organizations in charge of the VMs and in how a user could access the VMs

	Islam et al. (2008)
	Cross-sectional 

Goal: Analyze syringe VM user characteristics and assess the effectiveness of syringe VMs in supplying PWID with sterile injecting supplies.

	9 VMs dispensing syringes, other clean drug use supplies 
	New South Wales, Australia

PWID (n=167)
	FEASIBILITY (DEMAND): Approximately half of the VM's usage occurred outside of traditional business hours (5 pm - 9 am).
ACCEPTABILITY: Majority (65.8%) expressed satisfaction with the VMs. There were a few issues with the machines, including broken or jammed (32.8%), not being in the proper location (21.9%), or being too expensive (16.7%).
REACH: Interviewed VM users had a median age of 34 years. Their median age at initiation of injection drug use of 18 years, with a median duration of injection drug use being 14 years. Majority (60%) had reported methadone or buprenorphine treatment within the past month. 
Those who primarily used VMs for sterile injecting equipment were more likely to use VMs due to stigma, compared to those primarily obtaining sterile injecting equipment at pharmacies or in-person syringe programs (p <0.001), and this was more so the case with PWID less than 30 years (p = 0.01). 
Out of those who reported reusing someone else's needles or syringes in the past month (n=63), more than a third (35%) reported sharing due to not having money to buy the syringes from the VM; they were also four times as likely to not use condoms during sexual encounters in the past month (95% CI: 1.2-14.5). 
IMPACT: N/A. 
	· Small sample size and low participation rate due to reply-paid envelope method, limited literacy
· Social desirability bias to certain questions on risk behaviors
· Potential for duplicate answers due to anonymous survey
· No participants from rural areas with VMs

	Islam et al. (2009)
	Cross-sectional 

Goal: Evaluate staff perceptions of syringe dispensing VMs and its overall effectiveness. 
	9 VMs dispensing syringes, other clean drug use supplies
	New South Wales, Australia

PWID and needle syringe program employees, staff from drug treatment centers and local health services (n=94)
	FEASIBILITY: N/A. 
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: Many viewed the VMs as having a positive impact on decreased needle sharing (80%) and improving services for PWID (82%), without increasing community drug use (85.1%) or vandalism (74.5%). There was either no perceived change (68%) or a decrease (24.5%) in unsafely disposing used equipment. However, participants believed that the VMs reduced contact with staff members of needle syringe programs (78.7%). 
 
	· Study sample consisted of staff from only one Area Health service
· Small number of participants
· Low response rate (35%) from staff members working in drug abuse treatment centers.    

	Jacob & Stover (2000)
	Prospective cohort

Goal: Evaluate the usefulness, efficacy, and practicability of syringe exchange VMs in prison.

	5 VMs exchanging used syringes for clean syringes 
	Women's prison in Lower Saxony, Germany

PWID, Prisoners (n=169) 
	FEASIBILTY (DEMAND): A total of 16,390 needles were exchanged with a daily average of 23.
ACCEPTABILITY: The VM syringe exchange was accepted by the female prisoners and deemed feasible among prison staff.
REACH: N/A. 
IMPACT: The project eliminated syringe sharing amongst prisoners (54 to 0) and drug overdoses (19.4% to 0%). There was an overall decrease in abscesses among participants and subjective improvement in health status. 
	· Prison only served females
· Specific cultural and political context. 

	[bookmark: _Hlk154661337]Kerr et al. (2022)
	Prospective observational

Goal: Analyze the number of syringes dispensed by the VM; describe VM user demographics; and determine feasibility of using self-reported demographic data collected via VM
	4 VMs dispensing syringes, condoms, and clean drug use supplies  
	Suburb in southeast Melbourne, Australia

PWID (n=90,488)
	FEASIBILITY (DEMAND): Over 40 months, across the 4 VMs, there were 1.3 million syringes dispensed with 90,488 unique encounters, representing 66% of the syringes distributed by the needle syringe program. Majority of encounters (69%) happened when programs were closed.
ACCEPTABILITY: N/A. 
REACH: Of the unique encounters, the majority of users were male (54.23%) and aged > 30 years (62.15%). Those who were < 20 years tended to report a non-binary gender (60.53%). Males and those < 25 years more likely to access the VM when programs were closed (p=0.008 and p<0.001 respectively).
IMPACT: N/A. 
	· Multiple invalid demographic data entries 
· Estimated number of unique visits based on presumption a user will be in contact with the VM for only 45 seconds
· Missing data due to machine malfunction 
· Unable to uniquely identify individual data 

	McDonald (2009)
	Prospective observational 

Goal: Evaluate a 12-month trial of a syringe VM aimed at increasing accessibility of sterile syringes. 

	4 VMs dispensing kits containing syringes and other clean drug use supplies (e.g. alcohol swabs, water) 
	Outside community health centers in Canberra, Australia

PWID (n=147)

	FEASIBILITY (DEMAND): Over the 12-month trial, a total of 11,267 kits were sold from all of the VMs, with a monthly average of 939. VMs provided 8.7% of the syringes dispensed from all syringe and needle exchange programs.
FEASIBILITY (PRACTICALITY): There were concerns over the VM's reliability to work properly. 
ACCEPTABILITY: Reasons for using the VM included ability to access outside of business hours (73%), convenience (53%), and preference for the VM compared to other sources (28%). Both VM users and stakeholders were especially appreciative of the VMs' ability to provide syringes outside of regular office hours and favorably viewed VMs.
REACH: Interviewed VM users had a mean age of 33 years; 43% were female. VM users were both those who regularly used other sterile injecting equipment sources retailers and those who were non-frequent users.
IMPACT: Majority (84%) of VM users thought the VMs reduced needle sharing.
	· Surveys for VM users were sent through partner community organizations as opposed to direct interaction with VM users. 

	Moatti et al. (2001)
	Cross-sectional 

Goal: Compare demographics of those utilizing different new syringe services (e.g., pharmacies, needle exchange programs, VM) to determine whether the programs are complementary strategies for promoting safer injection practices. 

	3 VMs dispensing syringes

	Marseille, France

PWID (n=88)

	FEASIBILITY: N/A.
ACCEPTABILITY: N/A. 
REACH: Majority of VM users were male (79.5%), with a median age of 30 years, and living on welfare (67.9%). Needle exchange users and VM users were more likely to "occasionally" obtain their syringes from the surveyed source compared to pharmacy users (p < 0.01). Compared to those who used needle exchange programs, VM users were younger, had a shorter duration of injection history, less likely to be involved in a methadone treatment, and more likely to misuse buprenorphine. Compared to those who used needle exchange programs and pharmacies for clean syringes, VM users were less likely to inject only heroin, and tended to have fewer financial means. 
IMPACT: N/A. 
	· Inability to compare respondents vs non-respondents so potential of bias among participants
· Suboptimal participation rate, with the pharmacy users having the lowest participation rate out of all the groups

	Nelles et al. (1998)
	Prospective cohort

Goal: Evaluate a pilot project using syringe-dispensing VMs for drug and HIV prevention in a prison setting. 

	6 VMs exchanging used syringes for clean syringes 
	Located in women’s prison in Hindelbank, Switzerland

PWID, Prisoners (n=137)
	FEASIBILITY (DEMAND): 5,335 syringes were distributed.  
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: At the end of the year-long project, the number of those using drugs decreased (38% to 23%) and there was reduced syringe sharing (8% to 2%).  
	· Small sample size
· Prison only serves females
· Specific cultural and political context

	Nelles et al. (1999)
	Prospective cohort

Goal: Evaluate the effectiveness and acceptability of a syringe exchange VM within a prison setting.

	6 VMs exchanging used syringes for clean syringes
	Located in women’s prison in Hindelbank, Switzerland

PWID, Prisoners (n=137)

	FEASIBILITY (DEMAND): 5335 syringes were exchanged in the first year, with a significant decrease to 650 syringes in the following year (p<0.01).
ACCEPTABILITY: N/A.
REACH: N/A. 
IMPACT: The decrease in syringe exchange over time correlated with a decrease in the number of inmates using drugs (p<0.01). Variations in syringe exchange also depended upon disciplinary sanctions for drug use (p<0.001, r=0.80). While the syringe exchange VM was in place, the number of prisoners using drugs in prison decreased (p<0.01). However, drug use increased among inmates with longer incarceration sentences. 
	· Small sample size
· Prison only serves females
· Specific cultural and political context. 

	Obadia et al. (1999)
	Cross-sectional 

Goal: Evaluate whether syringe VMs can serve as an adjunct access point for sterile syringes for PWID, particularly younger users. 

	3 VMs dispensing syringes 
	Marseille, France

PWID (n=88)

	FEASIBILITY (DEMAND): 21.3% used the VM as their primary source of syringes.
ACCEPTABILITY: Majority of the users cited free access to syringes (66.2%) and availability at any time (21.6%) as reasons for using the VM. Out of those who never used a VM, they either had never heard of them (42.2%), did not know where they were located (13.2%), feared being identified by the police (19.8%), lived too far away (9.9%), or did not give a reason (14.9%). 
REACH: Compared to primary users of other syringe access sources, primary VM users were younger (less than 30 years old) and less likely to live in a place that they own or rent. They were also less likely to be involved with drug maintenance treatment or needle sharing in the past 6 months. 
IMPACT: N/A. 
	· Convenience sample
· Anonymous survey (potential to have reached the same individual twice)
· Setting was in a French city where there were high rates of HIV due to injection drug use in the mid 1990s thus potentially limiting generalizability.

	O’Keefe et al. (2022)
	Retrospective observational 

Goal: Evaluate changes in VM usage during government-mandated lockdowns due to the COVID pandemic.
	4 VMs dispensing syringes, condoms, and clean drug use supplies  
	Suburb in southeast Melbourne, Australia 

PWID (n=85,851)
	FEASIBILITY (DEMAND): Over 40 months, a total of 1.3 million syringes were dispensed by the 4 VMs, with an estimated 85,000 unique visits. During the COVID lockdown, the number of unique encounters with the VM significantly decreased. 
ACCEPTABILITY: N/A.
REACH: N/A. 
IMPACT: N/A. 
	· Estimated number of unique visits based on presumption a user will be in contact with the VM for only 45 seconds 

	Otiashvili et al. (2019)
	Cross-sectional

Goal: Assess the acceptability of syringe VMs among PWIDs not currently using harm reduction services and barriers to the implementation.
	Proposed VM dispensing syringes
	Harm reduction site in Tbilisi, Georgia

PWID (n=149)

	FEASIBILITY (IMPLEMENTATION): Recommended placing the VM near metro stations, with mixed thoughts on placement near central streets versus a non-central, non-crowded location. 
ACCEPTABILITY: There was near-unanimous agreement (with exception of one) that syringe VMs would benefit PWID, with the majority (n=145, 97%) stating they would use the machine to obtain syringes and HIV self-tests due to free availability of tests and supplies, 24/7 access, and avoiding interactions with individuals. 
REACH: N/A. 
IMPACT: N/A. 
	· Limited sample size with nearly all-male composition and lack of representation of young PWID.

	Philbin et al. (2009)
	Cross-sectional 

Goal: Explore the factors influencing acceptability and feasibility of delivering harm reduction interventions in Tijuana, including syringe VMs.

	Proposed VM dispensing syringes 
	Tijuana, Mexico 

PWID (n=40 stakeholders interviewed)
	FEASIBILITY: N/A. 
ACCEPTABILITY: Needle exchange programs were deemed the most acceptable among the three harm reduction services (75%), with potential barriers to implementation being opposition from religious and governmental sectors and the belief that harm reduction would encourage drug use. With respect to syringe VMs, its convenience and ease of access with minimal oversight was cited both as a barrier and benefit, with particular concern over children accessing the VM. 
REACH: N/A. 
IMPACT: N/A. 
	· Many interviewees were unfamiliar with harm reduction interventions and were provided a brief description at the beginning of the interview, thus perspectives may not reflect fully formed opinions.
· Perspectives obtained in interviews were limited to only those who had agreed to participate. 

	Stark et al. (1994) 
	Cross-sectional

Goal: Describe syringe VM user characteristics;  assess utilization of syringe VMs; evaluate PWID attitudes towards VMs.

	3 VMs dispensing syringes 
	Near public areas where PWID congregate in Berlin, Germany 

PWID (n=313)

	FEASIBILITY (DEMAND): Majority of participants (77%) reported using the VMs at least 4 times a week.
ACCEPTABILITY: N/A.
REACH: Men were the majority of the participants (65%); median age was 28 years and median duration of drug use was 7 years. Most participants used drugs at least daily (88.8%). Compared to syringe exchange program users, VM users had a significantly shorter history of intravenous drug use. Those injecting drugs at least once a day were also using the VMs at least once a day compared to other participants who injected drugs less frequently (p<0.001). Approximately one third of syringe VM users (32.6%) were currently in contact with drug treatment services or counseling; those with known HIV infection more likely to be in contact with services than those who were unaware of their status or negative for HIV (p<0.01).
IMPACT: N/A. 
	· HIV prevalence results were based on self-reported cases which may have been inaccurate from real prevalence rates.

	Uthurralt et al. (2022)
	Retrospective observational 

Goal: Examine whether 24-hour VM access impacted face-to-face contact between clients and staff members.
	1 VM dispensing syringes and other clean drug use supplies (e.g. alcohol swabs, water)
	In-person needle syringe exchange program and primary care services in inner-city Sydney, Australia

PWID
	FEASIBILITY (DEMAND): With 24-hour access to the VM, the VM dispensed 41% more syringes (total 200,880 syringes over 1 year, with a monthly average of 16,740) compared to the prior year (p<0.001).
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: Following 24-hour access of the VM, increased VM usage was strongly associated with increased face-to-face encounters with primary care (p=0.005) and decreased encounters with the in-person needle syringe program (p=0.716). 
	· Limited to one site 
· Potential confounders  (i.e., staffing, external events) 

	White et al. (2016)
	Cross-sectional 

Goal: Assess community-level perceptions and attitudes toward implementing a syringe VM and identify factors associated with VM acceptability. 

	1 VM dispensing syringes
	In-person needle syringe exchange program in an inner-city suburb of Sydney, Australia (area known for being a popular drug market)

PWID (n=153 community members interviewed)
	FEASIBILITY: N/A. 
ACCEPTABILITY: Respondents reported supporting needle syringe programs in general (87%) however a fewer proportion supported the local VM (60%). Those who did not agree with needle syringe programs commonly perceived that these programs, including VMs, would attract PWID from other locations, increase drug use activity, and result in higher rates of drug-related crimes. Factors associated with supporting the VM included completion of secondary education (p=0.03) or tertiary education (p=0.023), and males (p=0.03).
REACH: N/A. 
IMPACT: N/A. 
	· Selection bias as dwellings were approached within the hours of 8:30 am-6:30 pm, meaning that individuals working within these hours were not included
· Many public and private rental properties were significantly under-represented contributing to demographic differences between sample and census demographics. 

	Studies of VMs dispensing condoms

	Demaria et al. (2019) 
	Cross-sectional

Goal: Assess attitudes toward condom VMs among women. 

	Multiple VMs dispensing condoms 

	Public areas (i.e. outside pharmacies, street corners, restrooms) in Florence, Italy

Italian Women (n=26)
	FEASIBILITY (DEMAND): Men and young adults were perceived to be frequent condom VM users.
ACCEPTABILITY: Majority had favorable opinions, citing them to be common, convenient, and easily accessible. VMs were viewed to be useful in avoiding embarrassment when buying a condom, and being available in an emergency or when pharmacies were closed. However, barriers to VM usage included non-ideal locations outside of pharmacies, concerns over product quality, and limited selection of condoms. 
REACH: N/A.
IMPACT: N/A. 
	· Not generalizable to entire population
· Potential social desirability bias
· Language barrier (English was a second language for many  participants).

	Kirby et al. (1999)
	Prospective observational

Goal: Evaluate the number of condoms obtained from various sources, including VMs, and evaluate changes in sexual behavior and condom use over time.  

	7-12 VMs dispensing condoms 
	Public locations in high schools  (i.e., gymnasium, auditoriums, lobbies) in Seattle, Washington, U.S.

Sexually active adolescents (n=6,636) 
	FEASIBILITY (DEMAND): Baskets in health centers were a more popular source of condoms than VMs; in schools that had both baskets and VMs, students obtained condoms 63 more times from the baskets compared to the VMs, with an average of 4.6 condoms acquired per student over a year (from both baskets and VMs).
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: Recent sexual activity decreased following implementation of the program (p=0.024). Among those who had recent sexual activity, the percentage of those using condoms decreased (p=0.04). 
	· Absence of random assignment in whether schools offered condoms and the mechanism (baskets vs VMs). 

	Lucas et al. (2014)
	Prospective observational

Goal: Evaluate a prison-based condom VM's feasibility, cost effectiveness, and impact on safety and security.  

	Multiple wall-mounted dispensers distributing condoms 

	Common areas, restrooms, medical primary care waiting area in one California State Prison (U.S.)

Prisoners (n=26)  
	FEASIBILITY (DEMAND): 2,061 condoms were distributed over the course of the 1-year pilot, with many within education buildings (795) and housing units (716).
FEASIBILITY (PRACTICALITY): Condom dispensers concealed from view were vandalized less frequently than those in plain view (p < 0.05). Using condom dispensers would cost less than $2/inmate per year.
ACCEPTABILITY: Staff and inmates preferred condom dispensers be placed in discreet locations for confidentiality and reduced vandalism, while recommending additional condom distribution venues within the prison.
REACH: N/A. 
IMPACT: Compared to the pre-pilot year, the rates of penal code infractions remained stable or declined. Allowing access to condoms did not appear to increase the security risk for inmates, staff, or visitors.
	· May not be applicable in other settings including maximum-security level prisons. 
· Low response rates among inmates and staff made it difficult to track changes in attitudes and actions. 

	Ramos-Ortiz et al. (2020) 
	Cross-sectional

Goal: Describe attitudes towards condom VMs among different genders and identify ways to promote usage of condom VMs. 
	VMs dispensing condoms

	Florence, Italy 

Sexually active adults (n=42)
	FEASIBILITY (DEMAND): Both men and women believed that men had the primary responsibility of obtaining condoms, which was also reflective in that men were more likely to use condom VMs.
ACCEPTABILITY: For men, trust in the reliability of VM as well as the quality and brand of the condoms offered were important. For women, the VMs' accessibility was both a positive and a negative, as they feared the potential stigma associated with being seen at the VM. Participants also identified a need for decreased costs of the condom, increased variety, the ability to only buy one condom at a time, and specific preferences for certain brands and types of condoms.  
REACH: N/A.
IMPACT: N/A. 
	· Sample not generalizable due to small number of participants, varying experiences with condom vending machines, demographics. All interviews were conducted in English and those able to speak fluent English may represent a higher socioeconomic status. 
· Potential of social desirability bias with the interviews
· Potential of mistranslation with some participants being interviewed in their second language. 

	Sylla & Harawa (2010)
	Prospective cohort

Goal: Examine feasibility of implementing a condom VM in a prison setting. 

	1 VM dispensing condoms

	Gymnasium facility in a jail in San Francisco, California, U.S.

Prisoners

	FEASIBILITY (DEMAND): An average of 89 condoms were dispensed per week. 
ACCEPTABILITY: Among staff members, there were reservations about the VM implementation with respect to discipline and in sending mixed messages about sex in prisons, however all endorsed the condom VM in post-intervention interviews.
REACH: Inmates at risk of acquiring or transmitting HIV (MSM, those identifying as transgender, HIV-positive) were more likely to use the VM.
IMPACT: Following VM implementation, awareness of condom availability (p=0.001) and the act of obtaining condoms (p=0.002) increased; sexual activity rates did not significantly increase (p>0.05).
	· Selective participation or bias in participant responses

	Tomnay & Hatch (2013)
	Prospective observational

Goal: Evaluate acceptability and accessibility of a condom dispensing VM targeted to rural young teenagers. 

	2 VMs dispensing condoms

	Rural Northeast Victoria, Australia 

Sexually active adolescents


	FEASIBILITY (DEMAND): A total of 1153 condoms were dispensed over 1 year, with the majority of the condoms (80%) were purchased in male restrooms. Greater uptake of condoms (69%) was noted in the latter 6 months.
FEASIBILITY (PRACTICALITY): All VMs faced vandalism, with the most common being graffiti and jammed coins into the slot. 
ACCEPTABLITY: VM location was important as opposed to pricing, as uptake of the condoms at either $1 or $2 did not differ among the different VMs. VMs were also acceptable amongst community residents, as there were no complaints or negative media reports. 
REACH: N/A.
IMPACT: N/A.   
	· Acceptability measured by presence of negative reports and/or media and not directly measured through interviews with residents.
· Observational data used for outcome measures. 

	Studies of VMs dispensing HIV self-tests

	He et al (2019)
	Prospective observational

Goal: Evaluate acceptability, feasibility, and efficacy of a urine HIV self-tests distributed by VMs. 

	11 VMs dispensing HIV self-tests (urine sample)

	University dormitories, teaching buildings, and infirmaries located in China

Sexually active students
	FEASIBILITY (DEMAND): 957 HIV self-tests were dispensed over 6 months, with 378 returned. The return rate of urine samples was lower for those obtained from VMs dispensing them for free (33%) compared to those requiring payment (64.5%). The majority of the kits were obtained during evening hours of 2100 to 2400 (88.9%) and from VMs placed in dormitories (72.2%). 67.8% (n=255 out of 376) of the participants went online for their test results.
ACCEPTABILITY: N/A. 
REACH: N/A.
IMPACT: Of the 376 eligible urine samples, 7 were positive for HIV (1.86%). 
	· Unable to determine whether HIV positive patients were students or other individuals who were on the university campus at that time.

	Lee et al. (2019)
	Cross-sectional 

Goal: Determine acceptability of HIV self-test VMs among Black African and Caribbean, Latin American and other minority communities, and describe their preferences and concerns over VM implementation. 

	Proposed VM dispensing HIV self-tests (blood sample)

	Southeast London, United Kingdom  

Minority communities (Black African and Caribbean, Latin American, etc) (n=191)
	FEASIBILITY (IMPLEMENTATION): Preferences for VM location included healthcare-associated areas (>70%); for Black Africans and Caribbeans, they had a preference for the VM in a private, non-crowded location.
ACCEPTABILITY: Many participants reported a willingness to use HIV self-tests from the vending machine, with Black Caribbeans reporting the lowest willingness amongst all groups. Concerns brought up by all groups included correctly using the VM and the HIV self-test and associated stigma with being seen at the VM. 
REACH: N/A.
IMPACT: N/A. 
	· Smaller sample size for non-Black Africans participants
· Convenience sample with recruitment done through outreach workers and social media outlets associated with minority organizations 


	Lv et al (2021) 
	Prospective observational

Goal: Determine the effectiveness using VMs to distribute urine HIV self-tests and reach at-risk student populations. 

	146 VMs dispensing HIV self-tests (urine sample) 
	Campus dormitories, student health centers, and educational buildings in 73 universities across 11 provinces in China 

Sexually active students, MSM
	FEASIBILITY (DEMAND): 5178 urine HIV self-test kits were sold; 2933 were returned and eligible to be tested. 
ACCEPTABILITY: N/A. 
REACH: The number of urine HIV self-tests dispensed reflected student activity on a MSM networking application (Pearson coefficient 0.95), indicating that the VMs were able to target high-risk populations.
IMPACT: 66 tests were positive, representing a rate of 2.3%. Between urine HIV self-tests and traditional testing, the average effectiveness ratio across the 34 participating Beijing colleges was 0.39 (12:31).
	· Individual tests and results were not anonymous
· Unable to identify if reactive test results were new infections or previously known.
· Only MSM were included in the high-risk population. 

	Raffe et al (2020)
	Cross-sectional

Goal: Evaluate attitudes towards a VM dispensing HIV self-tests. 

	1 VM dispensing HIV self-test kit (fingerprick blood sample)  

	Lobby of a licensed sex-on-premise sauna in Brighton, United Kingdom

MSM (n=23)

	FEASIBILITY: N/A. 
ACCEPTABILITY: The VM was overall well received by participants, with many approving of its location in the sauna, believing it would encourage those engaging in risky sexual behaviors to test themselves for HIV. Perceived VM benefits included easy access, the ability to obtain testing when a clinic may be closed or may have longer wait times, and reduced stigma compared to sexual health clinics. Some VM users distributed kits to their peers. Limitations of the VM included lack of counseling over the window period between exposure and detection, inability to have immediate support if testing positive, and lack of co-testing for other STIs. 
REACH: Compared to those who had not used the VM, VM users were more likely to have had a prior sexual health clinic visit (100% vs 85%) and to have had tested for HIV in the prior six months (70% vs 23%). Mean age did not differ between the two groups (40 years vs 45 years). 
IMPACT: N/A. 
	· Limited generalizability to all MSM or other groups affected by HIV. 

	Stafylis et al. (2018)
	Cross-sectional

Goal: Evaluate the ability of a VM dispensing HIV self-tests to increase HIV testing and identify new HIV cases among at-risk MSM.

	2 VMs dispensing HIV self-tests (saliva sample) 

	Commercial sex venues (bathhouses and/or sex clubs) in Los Angeles, California, U.S.

MSM (n=110)
	FEASIBILITY (DEMAND): VMs dispensed approximately 19 kits/week for a total of 1,389 over 18 months, with more kits being requested during weekdays (Wednesdays and Thursdays in particular), and during evening (9-10 pm) or early morning hours (3-4 am). About 21% of the kits were being requested when on-site testing was available.
FEASIBILITY (PRACTICALITY): Total cost for the vending machine was approximately $58,000, with test kits representing the majority of the cost. 
ACCEPTABILITY: Participants reported a positive experience with the VMs, with many favoring them due to the convenience, privacy, speed of results, and control over health decisions. One downside of the VM was skepticism over the test's accuracy.
REACH: N/A. 
IMPACT: 17.7% reported a first-time positive HIV test, of those 41% sought care afterwards for confirmatory testing. 
	· Results came from self-reported surveys and self-interpreted HIV tests with no way to verify the self-reports
· Low response rate. 

	Vera et al. (2019)
	Cross-sectional 

Goal: Assess the acceptability and feasibility of using VMs to distribute HIV self-tests to MSM who engage in high-risk sexual behaviors.

	1 VM dispensing HIV self-test (fingerprick blood sample)  

	Licensed sex-on-premise sauna in Brighton, United Kingdom

MSM (n=53)

	FEASIBILITY (DEMAND): 265 HIV self-test kits dispensed. VMs were able to distribute six times as many HIV self-tests (n=265) compared to in-person outreach in the same location (n=40).
ACCEPTABILITY: Many highly rated the VM with 94% stating they would use the VM again and/or recommend to others. Many VM users viewed the VM as convenient and a way to remove barriers to testing, however several voiced concerns over receiving a positive test without surrounding support and the lack of other STD testing offered with the VM.
REACH: Median age of the users was 31 years old; 20% of VM users (n=53) had not been tested for HIV within the past 12 months. Of the VM users, 20% had not been tested for HIV in the past year. 
IMPACT: N/A. 
	· Did not quantify number of individuals accessing post-test counseling or linkage to care
· Unknown generalizability to another venue as target population was specific to MSM attending a sex-on-premise venue
· Unknown acceptability or potential uptake if a fee was associated with the HIV self-tests 

	Young et al. (2014a)
	Case study

Goal: Determine the feasibility of implementing HIV self-test dispensing VMs. 
   
	Proposed VM dispensing HIV self-test (saliva sample) 

	Outside a LGBT community center in Los Angeles, California, U.S.

MSM
	FEASIBILITY (PRACTICALITY): Able to find a manufacturer to develop a customizable HIV self-test dispensing vending machine with Internet connection to monitor usage and inventory. 
FEASIBILITY (IMPLEMENTATION): Potential barriers to implementation involved accessibility, security, competing testing locations with associated financial reimbursements from the city, and stigma associated with testing. 
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: N/A. 
	· Unable to assess user acceptability of a HIV self test dispensing VM
· Users may test at home or separate location and may not utilize the VM's location near the health clinic

	Young et al (2014b)
	Cross-sectional 

Goal: Determine acceptability of distributing HIV self-testing kits through electronic VMs among MSM of color.

	1 VM dispensing HIV self-test (saliva sample) 

	Parking lot of LGBT community center in Los Angeles, California, U.S.

MSM (n=8)


	FEASIBILITY (IMPLEMENTATION): The ideal location of the vending machine would be near medical-based organizations, although if placed within the community, the vending machine should contain other items (i.e. snacks) to make the vending machine not as stigmatized.
ACCEPTABILITY: Majority found the VMs to be acceptable, compared to traditional self-test methods, and would recommend this delivery model to others. Their acceptability of vending machines was contingent upon the vending machines' credibility, confidentiality of the test results, and convenience of obtaining tests; technical issues in obtaining the HIV self-tests was a major drawback. 
REACH: N/A. 
IMPACT: N/A. 
	· Small sample size with limited generalizability
· None of the participants tested positive and thus unable to provide information on whether newly diagnosed HIV positive individuals were appropriately linked to care and/or whether they had sufficient information to handle the positive test result
· VM only accessible from 9 am to 9 pm and not 24 hours a day. 

	Studies of VMs dispensing other items (e.g., naloxone, nicotine replacement therapy) or multiple items

	Allen et al. (2022) 
	Retrospective observational

Goal: Evaluate the impact of naloxone dispensing VMs on overdose fatalities. 

	7 VMs dispensing naloxone kits 
	Clark County, Nevada, U.S. 

PWID
	FEASIBILITY: N/A.
ACCEPTABILITY: N/A.
REACH: N/A. 
IMPACT: In the 12 months following the implementation, there were 41 fewer predicted opioid-related deaths. However, overdose fatalities were higher than expected in the 22 months following implementation (which included 10 months of the COVID-19 pandemic). 

	· Analysis did not have an interruption for the onset of the COVID-19 pandemic and did not account for the resulting service interruption.
· Unable to determine where the administered naloxone was obtained.
· Multiple community-level factors impacting overdoses, including county-wide overdose prevention initiative. 

	Arendt (2022)
	Prospective observational

Goal: Describe the use of a harm reduction-focused VM and its impact on the accessibility of harm reduction supplies and services. 
	1 VM dispensing naloxone (intramuscular, nasal), sharps container, safer injection kit, safer smoking kit, personal protective equipment, safer sex kit, pregnancy test, bandages 
	In-person syringe service program in Cincinnati, Ohio, U.S. 

PWID (n=637)
	FEASIBILITY (DEMAND): 3360 naloxone doses and 10,155 fentanyl test strips were dispensed in one year. The VM was able to dispense more HR supplies compared to in-person distribution by local HR organizations (p<0.0001 for naloxone, fentanyl test strips, safer sex kits).  
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: During VM operation, unintentional fatal overdoses decreased by 10% in the county and the number of new HIV cases decreased from 175 (2019) to 127 (2021). 
	· Unable to establish causality between VM and incidence of fatal overdoses and HIV cases.

	Bardwell et al. (2023)
	Cross-sectional

Goal: Evaluate barriers and facilitators in accessing a VM dispensing opioids for a safer supply. 
	4 VMs dispensing hydromorphone tablets
	Overdose prevention site and supportive housing buildings in Vancouver, Canada 

Individuals who regularly use opioids (including fentanyl) with history of overdose (n=46)
	FEASIBILITY: N/A
ACCEPTABILITY: All participants found the VM to be convenient and easy to access, allowing them to consume their medication without judgment and giving them flexibility in contingency planning. Barriers to use included occasional technical difficulties, inflexibility in being tied to one specific machine, and dosing challenges. 
REACH: N/A 
IMPACT: Participants reported using illicit drugs and overdosing less frequently, with positive impacts on their finances, health, and well-being. 
	· Unique setting with certain harm reduction services, including safer supply, available
· Sample size excluded those who may have stopped participating in program 
· Self-reported patient outcomes 

	Giles & Bauer (2021)
	Prospective observational 

Goal: Evaluate the ability of a VM dispensing nicotine replacement therapy to assist hospital visitors in adhering to the hospital’s smoke-free policies. 

	2 VMs dispensing subsidized nicotine replacement therapy (gum, 4 mg, 15 pack) 

	Hospital emergency department in New South Wales, Australia

Nicotine users


	FEASIBILITY (DEMAND): 247 packets were sold over a 34-month period.
ACCEPTABILITY: N/A. 
REACH: N/A. 
IMPACT: No significant difference in visitor smoking rates pre- and post-VM installation (p=0.1169). 


	· Visitors could have entered through other locations besides the Emergency Department
· No promotion of the VMs thereby limiting the visitor awareness
· Hospital construction limited continuous implementation of one VM

	Mansoor et al. (2023)
	Cross-sectional
	4 proposed VMs dispensing hydromorphone tablets
	Housing-based or community organizations in Canada 

Individuals who regularly use opioids (including fentanyl) with history of overdose (n=17 community partners interviewed)
	FEASIBILITY (IMPLEMENTATION): Barriers included an over-reliance on clinicians who may be hesitant about the VMs, regulatory restrictions on dispensing medications, different enrollment criteria among sites, and VM-related technical issues. Facilitators included greater acceptance of harm reduction methods, availability of wrap-around services near proposed VM location, and adequate communication and support materials for implementation. Participants noted already-trusted community organizations were ideal VM locations, with mixed opinions on pharmacies, supervised consumption sites, and housing-based settings. 
ACCEPTABILITY: N/A
REACH: N/A
IMPACT: N/A
	· Perspectives limited to pre-implementation or early implementation stages
· Potential positive bias towards safer supply 

	Otiashvili et al. (2021) 
	Prospective observational

Goal: Describe the development and implementation of "smart" syringe VM model and preliminary metrics on their usage. 

	10 VMs dispensing kits with either syringes, condoms, clean drug use supplies, or pregnancy kits

	Pharmacies in Tbilisi, Georgia

PWID (n=1,605)
	FEASIBILITY (DEMAND): More than 800 PWID regularly used the VMs. More over half of the kits for sterile instruments were given out on weekends and at night. 33,521 HIV prevention kits with 372,216 syringes of various sizes were given out in total. 52 percent of the kits were distributed outside of business hours (week-ends, holidays, nighttime). During COVID, there was an increase in usage of the VMs. 
ACCEPTABILITY: N/A.
REACH: N/A.
IMPACT: N/A. 
	· Limited individual-level data or data on impact of vending machines on larger health outcomes 

	Otiashvili et al. (2022)
	Stepped-wedge cluster randomized trial 

Goal: Evaluate the reach, effectiveness, adoption and implementation of syringe VMs. 

	10 VMs dispensing kits with either syringes, condoms, clean drug use supplies, or pregnancy kits
	HIV prevention sites in Tbilisi, Georgia

PWID (n=1,846)

	FEASIBILITY (DEMAND): VMs dispensed 14% of all syringes amongst the needle and syringe exchange programs, with more than half of its activity occurring outside of working hours and on holidays. After VM implementation, VM users received more syringes compared to non-VM users who used the needle and syringe exchange programs (p < 0.014). The majority of PWID who acquired SVM access cards used the system at least once (61%).
FEASIBILITY (IMPLEMENTATION): All invited sites adopted the syringe VM (n=5). There were issues in protocol fidelity, such as staff remembering to offer syringe VM access cards to clients.
ACCEPTABILITY: Staff members operating the syringe VM at the implementation sites favorably viewed the VMs and believed it provided benefits to the organization.
REACH: VMs were able to connect with 8% of PWID in the target area. Female PWID were more likely to utilize the syringe VM when given access (n=40/48, 83%), followed by young PWID under the age of 25 (n=34/45, 75.5%).
IMPACT: N/A. 
	· Limited to generalizability, particularly to rural locations, as the syringe VM was placed in an urban area
· Challenges in measuring fidelity between staff members and clients as many interactions occurred in informal settings.   

	Stewart et al. (2023)
	Cross-sectional 

Goal: Assess acceptability and feasibility of implementing HR-focused VMs in Philadelphia
	Proposed VMs dispensing safe disposal and injection kits, fentanyl test sets, wound care, naloxone, condoms, HIV self-tests
	Community and healthcare settings in Philadelphia, U.S.

PWID (n=31 stakeholders interviewed)
	FEASIBILITY (IMPLEMENTATION): Stakeholders recommended connecting users to care and treatment through informational materials, in addition to dispensing naloxone, wound care items, and items addressing other health conditions. An ideal location for a HR-focused VM should be visible, safe, private, and in an area of high drug use and need. All agreed that naloxone should be free and dispensed quickly. 
ACCEPTABILITY: Stakeholders viewed most harm reduction items favorably, however there were mixed opinions on syringes, medications for opioid use disorder, and safe injection/smoking kits due to beliefs that providing these items would be akin to promoting drug use. Public health messaging and education about harm reduction, and small community meetings may mitigate opposition from the community. Associating the VM with increased needle disposal and allowing it to serve as a way to connect individuals to care and treatment may increase community acceptability.  
REACH: N/A.
IMPACT: N/A. 
	· Self-selection bias 
· No legal professionals interviewed 

	Wagner et al. (2022)
	Cross-sectional 

Goal: Identify characteristics of ideal naloxone distribution programs, including for VMs.

	Proposed VM dispensing naloxone 
	Substance treatment clinics in a safety net health care system in an urban city in Colorado, U.S.

Young adults with history of non-medical prescription opioid use  (n=16)

	FEASIBILITY (IMPLEMENTATION): Participants highlighted the importance of not having a police presence near the VM, increasing safety features (e.g. an emergency call button), and having a low cost for the items dispensed. 
ACCEPTABILITY: VMs were viewed positively by participants due to convenience and privacy. Police presence around the VM and safety were concerns that could hinder the VM’s acceptability. 
REACH: N/A. 
IMPACT: N/A. 
	· Participants recruited from an inner-city substance treatment clinic, hence may not have insights from those not engaged with treatment.
· Themes were based upon participants' perceptions but not actual experience interacting with VMs. 
· Data collection limited by recall bias. 

	Walker et al. (2023)
	Prospective observational 

Goal: Estimate costs to implement and maintain VMs. 
	10 VMs dispensing kits with either syringes, condoms, clean drug use supplies, pregnancy kits, HIV self-tests, lubricant 
	Community organization focused on HR or MSM population in Tbilisi, Georgia

PWID, MSM (n=1,358)
	FEASIBILITY (DEMAND): Over 104 machine-months, a total of 29,238 kits (of varying items) were distributed by the VM, with July 2020 being the most active month (4,714 kits distributed). The most common kits distributed were opioid (35%) and stimulant (32%) kits, with male condoms (14%) and overdose prevention (11%) kits being popular as well. 
FEASIBILITY (PRACTICALITY): Total cost of implementing 10 VMs was €204,358 over 32 months or approximately €2000/month for each VM. The largest costs came from staff (51%, of which 31% was for data manager), kits (28%), and equipment (10%). The cost per user was €66/year; cost per transaction was €7. 
ACCEPTABILITY: N/A.
REACH: N/A.
IMPACT: N/A. 
	· Unable to measure linkage to harm reduction services via the secondary access cards (user to give these cards to friends, acquaintances) and its long term impact 
· Limit of 2 injection kits per card per day
· Did not evaluate differences in usage between machines 
· COIVD-19 pandemic imposed curfew restrictions during the study, limiting uptake of VM 


COVID = coronavirus disease; HIV = human immunodeficiency virus; HR = harm reduction; MSM = men who have sex with men; PWID = people who inject drugs; VM = vending machine
