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Abstract

Background: Substance use and related consequences (e.g., impaired driving, injuries, disease 

transmission) continue to be major public health concerns. Contingency management (CM) is a 

highly effective treatment for substance use disorders. Yet CM remains vastly underutilized, in 

large part due to implementation barriers to in-person delivery. If feasible and effective, remote 

delivery of CM may reduce barriers at both the clinic- and patient-level, thus increasing reach and 

access to effective care. Here, we summarize data from a systematic review of studies reporting 

remote delivery of CM for substance use treatment.

Methods: We conducted a systematic review, reported according to PRISMA guidelines. The 

study team identified a total of 4358 articles after deduplication. Following title and abstract 

screening, full-text screening, and reference tracking, 39 studies met the eligibility criteria. We 

evaluated the methodological quality of the included studies using the Effective Public Health 

Practice Project Quality tool.

Results: Of 39 articles included in the review, most (n = 26) targeted cigarette smoking, with 

others focusing on alcohol (n = 9) or other substance use or targeting multiple substances (n = 

4). Most remotely delivered CM studies focused on abstinence (n = 29), with others targeting 

substance use reduction (n = 2), intervention engagement (n = 5), and both abstinence and 

intervention engagement (n = 3). CM was associated with better outcomes (either abstinence, use 

reduction, or engagement), with increasingly more remotely delivered CM studies published in 
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more recent years. Studies ranged from moderate to strong quality, with the majority (57.5 %) of 

studies being strong quality.

Conclusions: Consistent with in-person CM, remotely delivered CM focusing on abstinence 

or use reduction from substances or engagement in substance use treatment services improves 

outcomes at the end of treatment compared to control conditions. Moreover, remotely delivered 

CM is feasible across a variety of digital delivery platforms (e.g., web, mobile, and wearable), 

with acceptability and reduced clinic and patient burden as technological advancements streamline 

monitoring and reinforcer delivery.
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Smoking cessation; Alcohol; Substance use; Motivational incentives; Digital health; Contingency 
management; Systematic review

1. Introduction

Substance use, including tobacco and alcohol use, is the leading modifiable risk factor for 

preventable causes of death in the United States (Danaei et al., 2009; Mokdad et al., 2004; 

Yoon et al., 2014). Contingency management (CM), also termed motivational incentives, 

is a highly effective treatment for substance use (Lussier et al., 2006; Prendergast et al., 

2006). Much of the CM work in the substance use field focuses on people with substance 

use disorders, but CM is increasingly being used in prevention interventions aiming to 

minimize risk of substance use progression (e.g., Neighbors et al., 2018). CM interventions 

remain vastly underutilized due in a large part to implementation barriers at the clinic and 

patient-level (Coughlin et al., 2022; Ledgerwood, 2008; Petry, 2010; Petry et al., 2001; 

Roll et al., 2009). Conventional, in-person delivery of CM is staff- and resource-intensive 

for clinics, requiring frequent abstinence or engagement verification and administration of 

reinforcers. The burden is even more considerable for patients who must present in-person 

at a clinic frequently, often multiple times a week or daily, for abstinence verification 

to be considered adherent to the treatment (Benishek et al., 2014; Davis et al., 2016; 

Lussier et al., 2006; Prendergast et al., 2006). Technological advances have facilitated 

remotely delivered CM interventions using digital platforms (Getty et al., 2019). Remotely 

delivered CM interventions alleviate much of the treatment burden by reducing, and in 

some cases completely eliminating, the need for clinic visits for abstinence verification and 

automating reinforcer delivery. Consequently, several recent studies address the effectiveness 

of remotely delivered CM interventions.

Studies published using remotely delivered CM to date largely focus on alcohol use or 

cigarette smoking, with more recent work focused on other substance use (e.g., opioid 

use). These studies also often combine remotely delivered CM with a variety of other 

psychosocial (e.g., counseling) or pharmacological (e.g., nicotine replacement therapy) 

treatments. In addition, the published literature is heterogeneous with regard to remote 

delivery modalities (e.g., internet, phone, mobile phone), subpopulations (e.g., women 

in the perinatal period, adolescents and young adults, adults), and contingent behaviors 

(e.g., substance use abstinence, substance use reduction, and intervention engagement). 

Therefore, a systematic review of the extant literature across remotely delivered CM 
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interventions addressing substance use is warranted to crystalize the existing evidence for 

these interventions and to identify gaps in current work and areas in need of future study.

The current study aims to systematically review and synthesize research findings on the 

extant support for remotely delivered CM interventions for substance use, critically evaluate 

the methodological quality of studies, and identify gaps in the literature and directions for 

future research.

2. Methods

The current review is reported to be consistent with the PRISMA systematic review 

guidelines (Shamseer et al., 2015), and the PRISMA checklist appears in Supplemental 

Table 1. The protocol and templates of data collection forms may be requested from the 

corresponding author. This review was not prospectively registered.

2.1. Inclusion/exclusion criteria

Inclusion criteria involved studies with the following characteristics: (1) original primary 

research published in a peer-reviewed journal; (2) employed a CM intervention where the 

monitoring of the contingent behavior (e.g., abstinence) and/or delivery of the contingent 

reinforcers were remote (e.g., phone, web, app, wearable); (3) used a controlled trial–either a 

no/delayed treatment control group or an alternative therapy control group, or controlled by 

repeated measures participation in two or more treatment arms; (4) reported an intervention-

related outcome (e.g. abstinence, treatment engagement, reduced risky behavior); and (5) 

used a research design that permitted isolation of effects to the CM intervention. We 

excluded reviews and conference abstracts at the point of full-text review.

2.2. Search strategy

An experienced medical librarian refined the search strategy, which included studies from 

the time of inception of each database. We conducted searches of PubMed.gov, Elsevier 

Embase (including Embase Classic), Elsevier Scopus, Web of Science Core Collection 

(SCI-EXPANDED; SSCI; A&HCI; CPCI-S; CPCI-SSH; BKCI-S; BKCI-SSH; ESCI; CCR-

EXPANDED), EBSCOhost CINAHL Complete, EBSCOhost PsycInfo on September 4, 

2020, and again on December 8, 2021, to identify relevant articles. Each search utilized 

controlled vocabulary whenever possible supplemented with title and abstract keywords. We 

did not apply any limits to the search. Prior to the search, we used a set of sentinel articles 

to generate search terms and test the effectiveness of the strategies in each database. We 

developed the original search strategies in Medline with translation as appropriate to the 

other databases using the Systematic Review Accelerator Polyglot tool (Clark et al., 2020). 

We employed a modified Bramer method to de-duplicate citations (Bramer et al., 2016). We 

also searched the reference sections from included articles to identify additional studies.

2.3. Data screening, collection, and synthesis strategy

After duplicate study removal, two independent and blinded reviewers screened studies 

based on the titles and abstracts using the Covidence software platform (N.S., M.L., S.S., 

C.J.). We conducted full text screening for all remaining studies with data extraction 
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occurring for all studies meeting the inclusion criteria using a predetermined data table, 

with blinded, independent duplicate entry (N.S., M.L., S.S., C.J.). A third reviewer (L.C.) 

resolved discordant reviewer ratings and data extraction. Reviewers recorded the following 

information for each study: 1) Publication details (first author, publication year); 2) 

Study characteristics (study design, retention at end of intervention, longest follow-up); 3) 

demographic characteristics (enrolled sample size, eligible participant ages); 4) intervention 

description (target behavior, type of reinforcement, reinforcement schedule, maximum 

possible contingent reinforcers, length of intervention, reward delivery method); and 5) 

study outcomes (primary outcome of CM conditions, primary outcome of control condition). 

If any information was missing or could not be found, reviewers recorded it as not reported 

(N/R). The resulting studies were heterogeneous in their study designs, sampling techniques, 

sample size, contingent behaviors, and measurement of outcomes.

2.4. Quality assessment of the included literature

We used the Quality Assessment Tool for Quantitative Studies (Ciliska et al., 1998) to 

evaluate the internal and external validity of each of the included studies with quality ratings 

across six dimensions (i.e., selection bias, study design, confounds, blinding, data collection, 

and withdrawals/dropouts). Two independent reviewers rated study quality (selected from 

C.J., M.L., N.S., S.S.) as strong, moderate, or weak (Supplemental Table 2). A third reviewer 

(L.C.) resolved discordant quality ratings.

3. Results

Of the 3644 unique study records identified in the initial search in September 2020, 54 

warranted full-text review, and 29 met the inclusion criteria, with one of these articles (Jarvis 

& Dallery, 2017a,b) including two studies (see Fig. 1). A subsequent search in December 

2021 identified 714 unique study records, with 17 included for full-text review and six 

meeting inclusion criteria. During reference tracking of included studies, we identified three 

additional articles for inclusion for a total of 38 articles reporting 39 remotely delivered CM 

studies.

3.1. Participant characteristics

The 39 studies comprised 2333 enrolled participants with a target behavior of alcohol use, 

4,281,296 enrolled participants with a target behavior of cigarette smoking, and 280 enrolled 

participants with a target behavior of other substance use or targeting more than one type 

of substance use (e.g., alcohol and opioid use). The studies included were all published 

between 2005 and 2021 (see Fig. 2). As Tables 1, 2, and 3 show, enrolled participants ranged 

in age from adolescence through older adulthood, with some studies focusing on specific 

subpopulations such as adolescents and pregnant women. The average percentage of female 

participants enrolled in all included studies is approximately 56 %.

3.2. Remotely delivered CM for cigarette smoking

Of the 26 studies focused on cigarette smoking (Table 1), 22 focused on smoking cessation 

as the target behavior, three targeted intervention engagement, and one focused on both 

smoking cessation and intervention engagement. Nineteen studies included adults aged 18 
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and up (Alessi et al., 2017; Dallery et al., 2007, 2013, 2021; Dallery & Glenn, 2005; Dan 

et al., 2016; Glenn & Dallery, 2007; Halpern et al., 2018; Harris & Reynolds, 2015; Jarvis 

& Dallery, 2017a- experiment 2, Jarvis & Dallery, 2017b- experiment 1; Kurti et al., 2020; 

Martner & Dallery, 2019; Meredith et al., 2011; Meredith & Dallery, 2013; Parks et al., 

2019; Raiff et al., 2017; Stoops et al., 2009). Three studies targeted adolescents (Harvanko 

et al., 2020; Reynolds et al., 2008, 2015), and one study targeted college-aged students 

specifically, ranging from age 18 to 25 (Ramo et al., 2018). Two studies did not report an 

age range and only reported the mean age of participants as 45 (Mundt et al., 2019) and 47.9 

years (Hertzberg et al., 2013). One did not report age eligibility criteria, but noted that 71.7 

% of participants were older than 45 (Anderson et al., 2018).

Of the 22 studies focused on smoking cessation, 20 remotely monitored cessation using 

biochemical verification methods (Alessi et al., 2017; Dallery et al., 2007, 2013, 2021; 

Dallery & Glenn, 2005; Dan et al., 2016; Glenn & Dallery, 2007; Harris & Reynolds, 

2015; Harvanko et al., 2020; Hertzberg et al., 2013; Jarvis & Dallery, 2017a- experiment 

2; Kurti et al., 2020; Martner & Dallery, 2019; Meredith et al., 2011; Meredith & Dallery, 

2013; Mundt et al., 2019; Raiff et al., 2017; Reynolds et al., 2008, 2015; Stoops et al., 

2009). These studies utilized carbon monoxide (CO) monitors along with video recording, 

facial recognition software, and/or mobile applications. One study used blood and urine 

sampling to verify smoking cessation (Halpern et al., 2018), and one relied on a self-

report (Koslovsky et al., 2018). Of the studies that targeted intervention engagement, three 

measured engagement in quitline services (Anderson et al., 2018; Mundt et al., 2019; Parks 

et al., 2019) and one measured intervention engagement via comments in hidden Facebook 

groups designed to help people quit smoking (Ramo et al., 2018).

Incentivization varied greatly between studies. Six studies used cash or check reinforcers 

(Halpern et al., 2018; Hertzberg et al., 2013; Jarvis & Dallery, 2017b- experiment 1; Martner 

& Dallery, 2019; Mundt et al., 2019; Reynolds et al., 2008), three used reloadable gift cards 

(Kurti et al., 2020; Parks et al., 2019; Ramo et al., 2018), one used reloadable debit cards 

(Dallery et al., 2021), 12 used vouchers (e.g., emailed vouchers redeemable at a variety 

of internet vendors) (Dallery et al., 2007, 2013; Dallery & Glenn, 2005; Dan et al., 2016; 

Glenn & Dallery, 2007; Harris & Reynolds, 2015; Harvanko et al., 2020; Meredith et al., 

2011; Meredith & Dallery, 2013; Raiff et al., 2017; Reynolds et al., 2015; Stoops et al., 

2009), one used prize-based reinforcers (i.e., a raffle where participants earned drawings for 

a prize) (Alessi et al., 2017), one used a combination of monetary reinforcers and vouchers 

(Jarvis & Dallery, 2017a- experiment 2), and one used a combination of nicotine patches and 

gift cards (Anderson et al., 2018). One study used financial reinforcers for biochemically 

verified abstinence but did not report their method of reinforcer delivery (Koslovsky et al., 

2018).

Schedules of reinforcement also varied across studies. Ten of the studies employed an 

escalating schedule of incentivization with a reset, where the reinforcer value reset to 

the original amount based on negative or missed samples, with maximum total reported 

contingency-based reinforcers ranging from $52.95 to $1620 (Alessi et al., 2017; Dallery 

et al., 2007; Harris & Reynolds, 2015; Harvanko et al., 2020; Hertzberg et al., 2013; Kurti 

et al., 2020; Martner & Dallery, 2019; Meredith & Dallery, 2013; Stoops et al., 2009). 
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One study used an escalating schedule but did not include the reset component, and had a 

maximum total contingency-based reinforcer of $600 (Halpern et al., 2018). Four studies 

used constant rate (i.e., non-escalating) reinforcement throughout the incentivization period. 

Two studies provided reward reinforcers with a maximum total contingency-based value 

of $90 (Ramo et al., 2018) and $190 (Mundt et al., 2019), while the other two studies 

utilized a deposit-based reinforcer program (i.e., where the participant deposits a sum of 

money that they then can earn back by providing evidence of smoking cessation) (Jarvis 

& Dallery, 2017a- experiment 2, Jarvis & Dallery, 2017b- experiment 1). Two studies 

used a one-time reinforcer for enrolling or connecting to a quitline, both with a maximum 

contingency-based reinforcer of $20 (Anderson et al., 2018; Parks et al., 2019). Seven 

studies used a combination of escalating with reset and constant rate reinforcement, with 

maximum contingency-based total reinforcers ranging from $35.25 to $803 (Dallery et 

al., 2007, 2013; Dallery & Glenn, 2005; Dan et al., 2016; Meredith et al., 2011; Raiff et 

al., 2017; Reynolds et al., 2015). One study used an escalating with reset reinforcement 

schedule along with additional bonuses for consecutive samples meeting contingent criteria 

(Reynolds et al., 2008), with maximum earnings of up to $314.75. One study did not 

report a reinforcement schedule, or their maximum value of contingency-based reinforcer 

(Koslovsky et al., 2018).

Studies reported on CM effectiveness using various outcomes (e.g., percent negative 

samples, quit rate, quitline engagement). Four studies incentivized for intervention 

engagement measured by connections to a quitline (Anderson et al., 2018 a; Mundt et al., 

2019; Parks et al., 2019) or social media comments (Ramo et al., 2018). The remaining 

studies incentivized based on verified smoking cessation as the target behavior measured 

CM effectiveness through percentage of negative samples (PNS) (Alessi et al., 2017; Dallery 

et al., 2013, 2021; Dan et al., 2016; Glenn & Dallery, 2007; Jarvis & Dallery, 2017a- 

experiment 2, Jarvis & Dallery, 2017b- experiment 1; Martner & Dallery, 2019; Meredith 

et al., 2011; Meredith & Dallery, 2013; Raiff et al., 2017; Stoops et al., 2009), quit rate 

(Hertzberg et al., 2013; Mundt et al., 2019), smoking abstinence (Halpern et al., 2018; Harris 

& Reynolds, 2015), seven-day point prevalence rates (Kurti et al., 2020), and reduction in 

CO values (Dallery & Glenn, 2005; Harvanko et al., 2020; Reynolds et al., 2008, 2015). 

One study compared between independent CM, based on the individual’s smoking cessation 

status, and interdependent CM, based on an individual’s smoking cessation status along with 

that of two teammates (Meredith & Dallery, 2013).

Of the studies focusing on smoking, 24 reported the CM condition had a greater reduction 

in smoking behavior and/or engagement in intervention relative to the comparator group. 

Twelve of the studies used a within-subjects control condition (Dallery et al., 2007, 2021; 

Dallery & Glenn, 2005; Dan et al., 2016; Glenn & Dallery, 2007; Jarvis & Dallery, 2017a- 

experiment 2, Jarvis & Dallery, 2017b- experiment 1; Martner & Dallery, 2019; Meredith 

et al., 2011; Meredith & Dallery, 2013; Raiff et al., 2017; Reynolds et al., 2008). The 

majority (13 studies) used a between-person randomized controlled design (Alessi et al., 

2017; Anderson et al., 2018; Dallery et al., 2013; Halpern et al., 2018; Harris & Reynolds, 

2015; Harvanko et al., 2020; Hertzberg et al., 2013; Koslovsky et al., 2018; Mundt et al., 

2019; Parks et al., 2019; Ramo et al., 2018; Reynolds et al., 2015; Stoops et al., 2009), 

where participants were randomized to either an incentivized or nonincentivized condition, 
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and one study utilized a nonrandomized control design (Kurti et al., 2020). The majority 

of studies had an intervention duration between two weeks and seven weeks, although 

one lasted five months (Mundt et al., 2019) and another lasted six months (Halpern et 

al., 2018). Two studies did not show a greater reduction in the CM condition compared 

to the comparator condition, these included: 1) comparing electronic cigarettes alongside 

CM versus electronic cigarettes alone (Martner & Dallery, 2019), and 2) comparing CM 

during pregnancy to smoking cessation counseling specifically for pregnancy (i.e., Smoking 

Cessation for Healthy Births) (Harris & Reynolds, 2015). Notably, both of these studies had 

small sample sizes of <20 total participants.

The two studies that targeted quitline engagement incentivized for engagement one time 

(Anderson et al., 2018; Parks et al., 2019), where the outcome was if the participant called 

(or did not call) the quitline. Potential moderators included that age was positively related 

to quitline engagement in Parks et al. (2019). In another study that used deposit-based 

reinforcers, one moderator was that people with larger deposit amounts had more abstinent 

samples, longer durations of meeting the cutoff, and submitted more samples overall (Jarvis 

& Dallery, 2017b- experiment 1).

3.3. Remotely delivered CM for alcohol use

Of the nine included alcohol-focused studies, six focused on alcohol abstinence as the 

target behavior, two focused on alcohol use reduction, and one focused on intervention 

engagement (see Table 2). All nine compared CM alone to a control condition, with no 

other combined interventions. The populations targeted in each study were adults with ages 

either 18 and up (Barnett et al., 2011; Koffarnus et al., 2018, 2021) or 21 and up (Alessi & 

Petry, 2013; Dougherty et al., 2014, 2015; Oluwoye et al., 2020), with one study restricted to 

college-aged students (ages 18–26) (Neighbors et al., 2018).

Of the eight studies targeting alcohol abstinence or use reduction, four remotely 

monitored abstinence with remote transdermal alcohol monitors (Barnett et al., 2011, 

2017; Dougherty et al., 2014, 2015). Four remotely monitored abstinence through breath 

alcohol concentration with cell phone video recordings (Alessi & Petry, 2013), an app with 

facial recognition (Oluwoye et al., 2020), or a breathalyzer with built-in facial recognition 

(Koffarnus et al., 2018, 2021). Neighbors et al. (2018) targeted intervention engagement 

and thus measured completion of a single-session personalized normative feedback (PNF) 

intervention for alcohol misuse.

The reinforcers for each study included vouchers redeemable for gift cards/checks (Alessi 

& Petry, 2013), e-gift cards (Neighbors et al., 2018; Oluwoye et al., 2020), mailed money 

orders or cash (Barnett et al., 2011), reloadable debit cards (Koffarnus et al., 2018, 2021), 

cash paid during weekly clinic visits (Dougherty et al., 2014, 2015), and cash given at a 

post intervention session (Barnett et al., 2017). Six of the alcohol studies used an escalating 

reinforcer schedule with reset (Alessi & Petry, 2013; Barnett et al., 2011, 2017; Oluwoye et 

al., 2020), with some also providing bonuses for consecutive negative samples (Koffarnus et 

al., 2018, 2021). The other three studies used a constant rate reinforcer structure, with the 

intervention engagement study using a one-time reinforcer for PNF completion (Dougherty 

et al., 2014, 2015; Neighbors et al., 2018).
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Studies measured CM effectiveness using various outcomes including percentage of days 

abstinent (Barnett et al., 2011; Dougherty et al., 2014; Koffarnus et al., 2018, 2021), 

percentage of days meeting contingency criteria (Dougherty et al., 2015), PNS (Alessi & 

Petry, 2013; Barnett et al., 2011; Dougherty et al., 2014; Koffarnus et al., 2018; Oluwoye et 

al., 2020), and PNF engagement (Neighbors et al., 2018).

Of the eight studies targeting reductions in alcohol use (Alessi & Petry, 2013; Barnett 

et al., 2011, 2017; Dougherty et al., 2014, 2015; Koffarnus et al., 2018, 2021; Oluwoye 

et al., 2020), all eight reported a reduction in alcohol in the CM condition compared to 

the comparator condition. Seven of these eight studies reported a statistically significant 

reduction (Alessi & Petry, 2013; Barnett et al., 2011, 2017; Dougherty et al., 2014, 2015; 

Koffarnus et al., 2018, 2021; Oluwoye et al., 2020). Study design among the eight alcohol 

reduction-focused studies varied, with four utilizing a within-subject control condition 

(Barnett et al., 2011; Dougherty et al., 2014, 2015; Oluwoye et al., 2020), and four 

randomizing participants to abstinence monitoring control conditions, with noncontingent 

reinforcers (Alessi & Petry, 2013; Barnett et al., 2017; Koffarnus et al., 2018, 2021). 

Neighbors et al. (2018), which focused on PNF engagement, used a comparator group 

where participants were not incentivized for PNF completion. Five of the nine included 

alcohol-focused studies provided maximum reinforcers between $300 and $400 (Alessi & 

Petry, 2013; Dougherty et al., 2014; Koffarnus et al., 2018, 2021; Oluwoye et al., 2020). The 

other studies targeting alcohol reduction provided up to $154 (Barnett et al., 2011), $231 

(Barnett et al., 2017), and $600 (Dougherty et al., 2015). The study targeting intervention 

engagement provided up to $30 (Neighbors et al., 2018). Of the eight studies targeting 

alcohol abstinence or use reduction, the length of CM interventions ranged over several 

weeks. CM interventions in six of the studies lasted between two to four weeks (Alessi & 

Petry, 2013; Barnett et al., 2011, 2017; Koffarnus et al., 2018, 2021; Oluwoye et al., 2020), 

while the other studies had CM interventions that lasted eight weeks (Dougherty et al., 2014) 

and 12 weeks (Dougherty et al., 2015).

3.4. Remotely delivered CM for other substance use or multiple substances

Of the four included studies focused on other substance use or multiple types of substance 

use, one study focused on both alcohol and drug abstinence and treatment engagement in 

people with an alcohol use disorder (Hammond et al., 2021), one focused on engagement 

in buprenorphine treatment for opioid use (Holtyn et al., 2021), one focused on nicotine 

vaping abstinence (Raiff et al., 2021), and one focused on drug and alcohol abstinence and 

treatment engagement among people with an opioid use disorder (DeFulio et al., 2021). The 

targeted populations in each study were adults ages 18 and older (Hammond et al., 2021; 

Holtyn et al., 2021) or young adults between 18 and 35 (Raiff et al., 2021), with one study 

not specifying the included age range of adult participants (DeFulio et al., 2021).

Studies verified abstinence using breath alcohol concentration with cell phone video 

recordings and remote 9-panel oral fluid testing for drug use in one study (Hammond et al., 

2021); breath alcohol concentration with facial recognition was measured with a smartphone 

application whereas drug abstinence was verified with in-person urine screening (DeFulio 

et al., 2021). One study measured nicotine vaping abstinence with remote saliva tests 
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(Raiff et al., 2021). Treatment engagement was measured through appointment attendance 

measured with GPS and start/stop time stamps (DeFulio et al., 2021) and buprenorphine 

treatment engagement through prescription documentation and cellphone video recordings 

of participants taking the medication (Holtyn et al., 2021).

The reinforcer for each study included reloadable debit cards (DeFulio et al., 2021; 

Hammond et al., 2021; Holtyn et al., 2021; Raiff et al., 2021). Two of the studies focused 

on other substance use used an escalating reinforcer schedule with reset (Hammond et al., 

2021; Raiff et al., 2021). One study used a combination of escalating with reset and constant 

rate reinforcement (DeFulio et al., 2021). The other study used a constant rate reinforcer 

structure (Holtyn et al., 2021).

CM effectiveness was measured by treatment retention and recent abstinence (Hammond et 

al., 2021), percent enrolled in treatment (Holtyn et al., 2021), PNS (Raiff et al., 2021), and 

percent of consistent samples (DeFulio et al., 2021).

Of the four studies focused on other substance use, all four reported substance use reduction 

and/or increased treatment engagement in the CM condition compared to the comparator 

condition. Two of the four studies reported a statistically significant increase in treatment 

retention or treatment enrollment, respectively (Hammond et al., 2021; Holtyn et al., 2021). 

One study reported a statistically significant difference in appointment attendance and 

percent consistent samples (DeFulio et al., 2021). Study design among the four studies 

varied, with two using a between-person randomized control design where participants 

were randomized to either a reinforced or non-reinforced condition (Hammond et al., 2021; 

Holtyn et al., 2021), one using a within-subjects control condition (Raiff et al., 2021), and 

the remaining study using a nonrandomized retrospective matched control design (DeFulio 

et al., 2021). Two of the four studies provided maximum reinforcers between $400 and $600 

(DeFulio et al., 2021; Hammond et al., 2021). The other studies provided up to $140 (Raiff 

et al., 2021) and $1890 (Holtyn et al., 2021). The length of CM interventions ranged from 

three to six months for three of the studies focused on other substance use (DeFulio et al., 

2021; Hammond et al., 2021; Holtyn et al., 2021), and two weeks for the remaining study 

(Raiff et al., 2021).

3.5. Quality assessment

Four reviewers (C.J., M.L., N.S., S.S.) independently assessed the quality of included studies 

using the Quality Assessment Tool for Quantitative Studies (Ciliska et al., 1998). Two 

reviewers completed the assessment for each included study. After resolving discrepancies 

across reviewers, the reviewers rated each study as strong, moderate, or weak. Of the 26 

studies focused on cigarette smoking, 13 were rated as strong and 13 as moderate quality. 

Of the nine studies focused on alcohol use, the reviewers rated eight as strong and one as 

moderate quality. Of the remaining four studies focused on other substance use, one was 

rated as strong and three were rated as moderate quality. No studies received a weak quality 

rating.

Coughlin et al. Page 9

J Subst Use Addict Treat. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Discussion

The goal of this systematic review was to identify and synthesize the extant literature 

on remotely delivered CM interventions for people who use substances. The systematic 

literature search resulted in 39 included studies, of which 66.7 % focused on smoking, 

23.1 % targeted alcohol use outcomes, and 10.3 % focused on other substance use or 

multiple substances. Of particular importance, the vast majority of studies (37 out of 39) 

demonstrated the clinical benefit of remotely delivered CM across the variety of comparator 

conditions and study designs. This provides considerable and consistent support for the 

feasibility and benefits of remotely delivered CM interventions in populations who smoke 

cigarettes, use alcohol, or consume other substances.

All included studies were of moderate or better quality, indicative of rigorous research 

designs and methods. For studies rated as moderate quality, as opposed to high quality, 

decreased quality ratings resulted from either nonrepresentative sampling (i.e., potential 

selection bias) or high or unreported attrition. Future work in this area can improve on 

prior studies by ensuring the reporting of relevant information (e.g., number of participants 

who withdraw their participation) and also prioritizing intervention features that promote 

continued treatment engagement. For example, personalizing or tailoring the intervention 

to increase personal relevance (Bidargaddi et al., 2018) or incentivizing intervention 

engagement in addition to other behavior change targets.

A prior systematic review evaluated only mobile phone–delivered CM interventions in 

samples that use substances (Getty et al., 2019); however, due to the more limited use 

of mobile phone platforms to date this review only captured seven studies. The current 

systematic review extends and synthesizes work on the broader array of remotely delivered 

CM interventions targeting substance use outcomes, including those using landline phones 

and computers to deliver the intervention. Consideration of remote intervention delivery 

platforms beyond mobile phones is essential to reach underserved populations where the 

digital divide can limit the reach of mobile and sensing technologies (“Mobile Fact Sheet,” 

2021). Furthermore, the current review captures the growth of remotely delivered CM 

interventions over the past two decades and shows the progression of digital technologies 

to streamline CM delivery while maintaining efficacy, minimizing patient, clinic, and 

administrative burden, and increasing acceptability.

To date, remotely delivered CM has largely focused on cigarette smoking and alcohol use, 

with a few recent investigations into other substance use and targeting polysubstance use 

(see Table 3). This may, in part, be due to the lag in digital and sensing technology to 

biologically verify recent substance use for substances other than alcohol and nicotine. With 

recent improvements in these technologies, such as wearables to detect cocaine, opioid, 

and cannabis use, there is potential to enhance future remotely delivered CM treatments 

by further reducing patient burden (Goldfine et al., 2020; Holtyn et al., 2019; Mahmud 

et al., 2018; Mishra et al., 2020). Furthermore, the COVID-19 pandemic and associated 

national public health emergency potentiated a rapid transition to remote health care. This 

transition has resulted in evidence of substance use treatment outcomes being maintained 

via remote treatment delivery (Lin, Fortney, et al., 2022) across multiple remote-delivery 
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platforms (e.g., telephone delivered care) (Lin, Zhang, et al., 2022), with calls for enhancing 

access and reach to effective substance use prevention and treatment, such as CM, using 

remote delivery platforms (Coughlin et al., 2021), and acknowledgement that digital delivery 

methods confer benefits beyond traditional in-person health care models for substance use 

(McDonnell et al., 2021). Thus, the current health care environment, along with regulatory 

policies, have warmed to remotely delivered care models in recent years, opening the door 

for wide-scale adoption of remotely delivered CM for substance use.

Given the clear and considerable evidence of the effectiveness of remotely delivered CM 

in promoting health behavior change across a variety of types of substance use, future 

work should focus on enhancing the scalability of remotely delivered CM interventions 

without sacrificing efficacy, and advocating for payer support. One potential option to 

address costs of delivering CM is incorporating nonmonetary reinforcers (e.g., verbal 

reinforcement, token economies) to potentially substitute for some monetary reinforcers, 

both to reinforce behavior change as well as to encourage adherence to rigorous behavioral 

monitoring schedules (e.g., multiple breath samples a day). Nonmonetary reinforcement 

could be incorporated probabilistically, such as in the variable magnitude of reinforcement 

procedure that uses fishbowl draws with some portion of draws being nonmonetary (e.g., 

“Good Job!”) (Petry et al., 2001); non-monetary reinforcement could also be incorporated 

adaptively based on time-varying individual factors (e.g., risk for relapse) to decide the 

type of reinforcer (e.g., monetary, nonmonetary) necessary to promote or sustain effective 

behavior change in the moment (Coughlin et al., 2022; Nahum-Shani et al., 2018).

Another approach to addressing upfront costs of remotely delivered CM is identifying the 

minimum effective dose of reinforcer magnitude and intervention duration, which may vary 

between people. Studies had a wide variation in the total reinforcers available, ranging from 

$20 to over $1500. Although some of this variability may be due to different behavioral 

targets (e.g., sustained abstinence vs. one-time call to a quitline), the science of what is 

an effective reinforcer dose to achieve each behavioral target (e.g., alcohol abstinence, 

smoking cessation) remains under-investigated. Similarly, studies varied in the duration of 

the intervention, with most lasting between two and six weeks, although a few lasted up 

to six months. To the extent that the duration of monetary reinforcers can be optimized, 

in combination with providing the minimum effective magnitude of reinforcers, the upfront 

costs of these interventions could be reduced, significantly increasing opportunities for 

scalable implementation. Future investigations incorporating nonmonetary reinforcers and 

refining the minimum effective magnitude and duration of treatment may help to further 

minimize barriers to remotely delivered CM interventions and to facilitate wide-scale 

implementation, namely by reducing costs, minimizing patient, provider, and administrative 

burden, and maximizing intervention engagement. Despite these recommendations for 

continued improvement and optimization of remotely delivered CM interventions for 

substance use, the findings reported here support implementation of remotely delivered CM 

as an effective intervention to reduce use and consequences from substance use. Future work 

to further optimize these interventions should consider hybrid effectiveness-implementation 

models (Curran et al., 2012), so as to facilitate the rapid translation of remotely delivered 

CM interventions into real-world settings while continuing to enhance effectiveness and 

minimize barriers to wide-scale adoption (including payer support).
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Considerations for health insurance coverage for remotely delivered CM are at least 

two-fold. The recent Department of Health and Human Services Office of Inspector 

General Advisory Opinion (OIG Advisory Opinion No. 22-04) (DeConti, 2022) clarifies 

the opportunity for provision and coverage of CM for substance use disorder. This, coupled 

with the National Drug Control 2022 report (Office of National Drug Control Policy, 2022), 

which calls for states to expand CM services to Medicaid-recipients using 1115 Medicaid 

Demonstration Authority, shows cross-agency federal support for widespread CM adoption. 

To date, the Substance Abuse and Mental Health Services Administration (SAMHSA) has 

maintained a $75 cap on CM incentives through State Opioid Relief grants (FY 2022 State 

Opioid Response Grants, n.d.), creating restrictive, nonempirically supported limits in the 

provision of CM. However, ongoing advocacy occurs through the Motivational Incentive 

Advocacy Group to increase SAMHSA incentive caps to align them with other federal 

agency recommendations (The Motivational Incentives Policy Group, 2022). In addition, 

remote delivery of CM often includes the use of digital therapeutics, or software-driven, 

evidence-based platforms such as apps (Makin, 2019). Digital therapeutics have in some 

instances sought approval through the Food and Drug Administration (FDA). For example, 

DynamiCare Health Inc. recently received Breakthrough Device designation (U.S. Food 

and Drug Administration, 2019) for the provision of remotely-delivered CM to help people 

who are pregnant stop smoking cigarettes (DynamiCare Health Digital Therapeutic Receives 

FDA Breakthrough Device Designation for Treatment of Smoking During Pregnancy, 2022). 

However, the costs in time and money to receive these approvals are often prohibative and 

a barrier to ensuring effective treatments are accessible. Continued efforts are necessary to 

increase coverage of CM interventions and to ensure remotely delivered CM reaches the 

many people who could benefit from this intervention.

4.1. Study limitations

The current systematic review of remotely delivered CM for substance use should be 

considered within the context of its weaknesses. First, the vast majority of studies 

focused on adults, limiting the generalizability of findings for adolescents who may 

benefit from remotely delivered CM interventions given they tend to be early adopters 

of digital technologies. Sample sizes varied across studies, with many studies including 

only modest sample sizes. This may be reflective of many of the studies to date being 

preliminary in nature, often with a focus on establishing feasibility, prior to more fully 

powered investigations. In addition, included studies varied with regard to design (e.g., 

within-subjects, randomized controlled trials), reinforcer magnitudes and schedules, target 

behaviors (e.g., service engagement, abstinence, use reduction), and reporting of quantitative 

outcomes. Given the rapidly increasing focus on remotely delivered CM (see Fig. 2) and 

expectation that the coming years will bring more empirical work in this field, meta-analyses 

to establish magnitudes of effects of different variations of remotely delivered CM will 

help to determine where limited resources are best directed. Furthermore, this systematic 

review may be limited by the search strategy and terms included. Though every attempt 

was made to conduct a thorough search, including the use of MeSH and preliminary testing 

against sentinel articles, the possibility that relevant literature may not have been captured 

always exists. Finally, remotely delivered CM is being increasingly included within multi-
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component interventions. In some cases, these study designs preclude isolating CM effects 

and thus were not included in the current review (e.g., Carpenter et al., 2015).

4.2. Future directions

Delivering CM interventions using digital technology creates the opportunity to extend 

CM in ways not feasible through in-person delivery, such as to reach people who 

otherwise would not be able to attend frequent clinic visits for behavior verification 

and reinforcer delivery, and to apply contemporary intervention designs (e.g., just-in-time 

adaptive interventions) to build on the existing science of CM interventions. As technology 

for remote monitoring of other substances (e.g., cocaine, cannabis) develops, the use of 

remotely delivered CM to promote reduction in or abstinence from a wide variety of 

substance use is likely to become increasingly feasible. Future work focused on maximizing 

impact of remotely delivered CM is critical as we move toward more digitally focused 

treatment modalities. Future work may also consider minimizing monetary reinforcers 

without sacrificing efficacy, and establishing necessary dosing recommendations (i.e., 

reinforcer magnitude, duration) to achieve proximal and distal goals around substance use.
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Fig. 1. 
Flowchart on the literature search procedure.

* Jarvis et al. (2017) included two studies that are reported separately, for a total of 39 

studies.CM = Contingency Management.
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Fig. 2. 
Remotely delivered contingency management studies by year published.
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