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Abstract

Background.—Cognitive-behavioral therapy (CBT) has long-standing evidence for efficacy in 

the treatment of alcohol use, yet implementation in clinical practice has been challenging. Delivery 

of CBT through technology-based platforms, such as web-based programs and mobile 

applications, has the potential to provide widespread access to this evidence-based intervention. 

While there have been reviews indicating the efficacy of technology-based delivery of CBT for 

various psychiatric conditions, none have focused on efficacy for alcohol use. The current meta-

analysis was conducted to fill this research gap.

Method.—Descriptive data were used to characterize the nature of the literature on technology-

delivered, CBT-based interventions for alcohol use (‘CBT Tech’). Inverse-variance-weighted effect 

sizes were calculated, and random effects, effect sizes were pooled in four sub-groups.

Results.—Fifteen published trials conducted primarily with at-risk or heavy drinkers were 

identified. Of these studies, 60% explicitly targeted alcohol use moderation. The content of CBT 

Tech programs varied, ranging from 4 to 62 sessions/exercises, with many programs combining 

elements of motivational interviewing (47%). With respect to efficacy, CBT Tech as a stand-alone 

treatment in contrast to a minimal treatment control showed a positive and statistically significant, 

albeit small effect (g = 0.20: 95% CI = 0.22, 0.38, kes = 5). When CBT Tech was compared to 

treatment as usual (TAU) effects were non-significant. However, when CBT Tech was tested as an 

addition to TAU, in contrast to TAU only, the effect size was positive, significant (g = 0.30: 95% 

CI = 0.10, 0.50, kes = 7), and stable over 12-month follow-up. Only two studies compared CBT 

Tech to in-person CBT, and this pooled effect size did not suggest superior efficacy.

Conclusions.—These results show a benefit for technology-delivered, CBT-based interventions 

as a stand-alone therapy for heavy drinking or as an addition to usual care in specialty substance 

use settings.
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Introduction

Cognitive behavioral therapy (CBT) is one of the most-studied approaches for the treatment 

of alcohol use disorder (AUD), with considerable empirical support establishing its efficacy. 

The most recent meta-analysis of CBT for substance use has indicated a moderate effect in 

comparison to minimal treatment and non-significant differences in effect when compared to 

other evidence-based therapies (Magill and Ray, 2009). As such, CBT is widely considered 

an evidence-based treatment for AUD and included in multiple practice guidelines 

(American Psychiatric Association, 2018, American Psychiatric Association, 2010, National 

Institute on Alcohol Abuse and Alcoholism, 2014). Over the years, the delivery of CBT for 

substance use has become increasingly diverse in an attempt to broaden its appeal and 

enhance effectiveness for heterogeneous populations of alcohol users. It has been delivered 

as a treatment approach for abstinence-based relapse prevention (Monti and Rohsenow, 

1999), harm reduction (Marlatt and Witkiewitz, 2002), and as part of school-based 

prevention programs (e.g., Botvin et al., 2000). CBT has also been combined with other 

evidence-based approaches such as motivational enhancement therapy (e.g., Riper et al., 

2014a) and reinforcement-based treatments (e.g., Community Reinforcement Approach - 

CRA; Smith, Meyers, & Miller, 2001), as well as integrated with mindfulness practices (e.g., 

Mindfulness-Based Relapse Prevention; Bowen et al., 2010). While the development, 

evaluation, and dissemination of these CBT and combined approaches for treating alcohol 

use continues, the challenge of implementing them in widespread clinical practice has 

remained (McHugh and Barlow, 2010). However, one of the most exciting developments in 

terms of the delivery of CBT, and other evidence-based treatments, is the use of technology 

as a platform for delivery.

The ability to deliver an evidence-based treatment, such as CBT, through technology-based 

methods (e.g., internet, web-based, and mobile platforms) offers several advantages over 

traditional face-to-face delivered treatments. These methods are highly accessible and 

available, given the ubiquity of technology in individuals’ daily lives. Consider that nearly 9 

in 10 adults in the United States use the internet (Smith, 2017), yet only about 1 in 10 of 

those with a substance use disorder receive any type of specialty treatment (U.S. Department 

of Health and Human Services, 2016). Common reasons for not seeking treatment include 

stigma, embarrassment, and difficulty with access, all of which are barriers that technology-

delivery has the potential to address (Cunningham et al., 2011). Technology can not only 

serve as an alternative to face-to-face services, but it can also function as a clinician-extender 

(Marsch et al., 2014). Finally, one of the primary reasons for the limited delivery of 

evidence-based treatments in clinical practice is the limited preparedness of providers, 

including insufficient training, limited competency, and overestimation of providers’ skills, 

which has been particularly relevant to the delivery of complex modalities such as CBT 

(Fairburn and Cooper, 2011, Herschell et al., 2010, Creed et al., 2016). A major obstacle is 

Kiluk et al. Page 2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that most private and publicly-funded addiction treatment centers do not have the resources 

to provide the training, monitoring, and ongoing supervision that will ensure the level of 

fidelity in CBT treatment delivery that is required in the clinical trials generating the 

evidence for efficacy (Olmstead et al., 2012, Sholomskas et al., 2005, Rakovshik and 

McManus, 2010, McLellan et al., 2003). Using technology to deliver an evidence-based 

treatment enhances treatment fidelity by providing a highly standardized delivery of 

complex activities, while reducing the costs and demands associated with training and 

supervising health care professionals (Marsch et al., 2014, Carroll & Kiluk, 2017).

The great promise of delivering evidence-based treatments through technology-based 

platforms is predicated on the notion that they are in fact efficacious at treating the condition 

or disorder being targeted (Kiluk et al., 2011). The process of transferring the components of 

an evidence-based treatment from a face-to-face format to a technology-based format should 

not assume a corresponding transfer of efficacy. The rapid pace of development of 

technology-based tools carries the risk of commercialized, unproven treatments entering the 

marketplace with detrimental effects (Bhugra et al., 2017). Therefore, it is important to 

establish the efficacy of technology-delivered treatments with the same level of 

methodological rigor and statistical evaluation as in-person treatments. Here, multiple 

reviews and meta-analyses of technology-delivered CBT interventions have indicated 

efficacy for treating a range of mental health conditions, including anxiety, depression, and 

somatic disorders (Andersson et al., 2014, Andrews et al., 2018, Karyotaki et al., 2018, 

Sijbrandij et al., 2016, Spurgeon and Wright, 2010). Yet, a meta-analysis on the efficacy of 

technology-delivered CBT for alcohol use has not been conducted. There are reviews of 

technology-delivered interventions for alcohol as well as other drug use (Bickel et al., 2011, 

Moore et al., 2011, Rooke et al., 2010, Sugarman et al., 2017, Tait et al., 2013), but none of 

these reviews have evaluated the evidence of CBT or CBT-based interventions, specifically.

The purpose of this study is to fill this important research gap by systematically examining 

the evidence for technology-delivered, CBT-based interventions (hereafter referred to as 

‘CBT Tech’) targeting alcohol use through meta-analysis. Before moving forward, it is 

important to provide a brief definition of the term technology-delivered used here to 

characterize CBT Tech. A broad range of terms have been used to label/describe these types 

of interventions, such as web-based therapy, e-therapy, tele-mental health, computer-

mediated interventions, computer-assisted therapies, digital therapies, mobile health 

applications, and mHealth. For the purposes of this meta-analysis, we will focus on CBT-

based interventions (i.e., those identified as CBT or containing key elements of CBT, such as 

coping skills training) that have been programmed to be delivered through a computer (e.g., 

web-based program) or mobile device (e.g., mobile app). This does not include interventions 

in which a clinician provides CBT through e-mail, text, video-chat, or other online 

counseling methods, as these could still be considered clinician-delivered interventions using 

the internet purely as a medium for communication. The focus of this report is on the 

efficacy of computerized interventions delivering CBT-based content, when contrasted with 

a range of experimental controls.
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Materials and Methods

Primary Study Literature Search

A literature search was conducted through July of 2019 to identify studies for a large-scale 

meta-analytic project on CBT treatment for alcohol or other drug use disorders 

(R21#AA026006). The first step involved a title, abstract, keyword, and subject search by 

intervention (‘cognitive behavioral therapy’ OR ‘coping skills training’ OR ‘relapse 

prevention’) AND outcome (‘alcohol’ OR ‘cannabis’ OR ‘cocaine’ OR ‘dual diagnosis’ OR 

‘dual disorder’ OR ‘heroin’ OR ‘illicit drug’ OR ‘marijuana’ OR ‘methamphetamine’ OR 

‘opiate’ OR ‘polysubstance’ OR ‘stimulant’ OR ‘substances’) AND study (‘efficacy’ OR 

‘randomized clinical trial’ OR ‘randomized controlled trial’) terms in the PubMed database. 

Next, searches of the Cochrane Register and EBSCO (e.g., PsychInfo) were performed. 

Abstract screening occurred by two raters in Abstrackr (Wallace et al., 2012). Finally, a 

bibliographic search of eligible studies and literature reviews was completed (Carroll and 

Kiluk, 2017, Moore et al., 2011, Riper et al., 2014b, Rooke et al., 2010, Sugarman et al., 

2017). Figure 1 provides a visual representation of study inclusion, and although all drug use 

disorders were initially of interest, the majority of studies addressed alcohol use. As a result, 

studies targeting cocaine/stimulant (Carroll et al., 2014, Schaub et al., 2012, Tait et al., 2015, 

Schaub et al., 2019), opioid (Marsch et al., 2013), or substance dependence disorders 

(Campbell et al., 2014, Carroll et al., 2009, Kiluk et al., 2018) were removed from review to 

improve sample homogeneity1 (final sample K = 15 studies; N = 9,838 participants).

Primary Study Inclusion

Study inclusion criteria were as follows: 1) English language publication, 2) peer-reviewed 

publication, 3) date range: 1990 to 2019, 4) study methodology: randomized controlled trial, 

5) age: adult (age ≥ 18), 6) alcohol criterion: alcohol users meeting criteria for a disorder 

(i.e., DSM III-R through 5; American Psychiatric Association, 1987, 1994, 2000, 2013), 

non-dependent/heavy consumption (e.g., AUDIT score > 8; Saunders et al., 1993), or poly-

drug use where alcohol use was reported among the sample majority and was a primary 

targeted outcome within the trial, and 7) intervention: cognitive-behavioral or combined 

cognitive-behavioral (i.e., combined with elements of other evidence-based treatments) 

therapy delivered in a technology-based format (see Table 1 and Supplemental Table 1 for 

details). The cognitive-behavioral criterion was met if the study intervention was described 

as CBT or Relapse Prevention, or included key elements of CBT, such as functional 

analysis, avoidance of high-risk situations, and/or coping skills training.

Primary Study Characteristic Variables

There were several study characteristic variables of interest to this meta-analysis. First, 

effect sizes were pooled by the following substantive contrasts: 1) CBT Tech compared to 

assessment only or minimal treatment (e.g., a pamphlet with alcohol information), 2) CBT 

Tech compared to a passive treatment or treatment as usual [TAU], 3) CBT Tech added to 

TAU compared to TAU only, and 4) CBT Tech compared to CBT delivered by a therapist. 

Additionally, effect sizes were pooled for early (1–3 months) and late (6–12 months) follow-

1A study was eligible if it had a poly-drug use sample where alcohol use was reported among the majority of participants.
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up outcomes. Second, study characteristic descriptors were: mean age of participants, 

percent female participants, percent White participants, percent Black participants, percent 

Latino/a participants, substance use severity/sample inclusion (dependence, at risk or heavy 

use), treatment length (number of content modules), CBT Tech format (CBT only, CBT 

combined with other evidence-based treatment elements), study context (community sample, 

specialty substance use or mental health clinic, other setting), publication country (United 

States, other country), and study-level risk-of-bias score (Higgins et al., 2011). Data 

extraction guidelines were detailed in a study codebook available, upon request, from the 

last author. Data were extracted using consensus methods between the third and fourth 

authors (agreement rate 94.7%), with review by the last author.

Primary Study Outcome Variables

The standardized mean difference was used as the effect size metric in this meta-analysis2. 

Hedges’ g includes a correction, f, for a slight upward bias in the estimated population effect 

(Hedges, 1994).

gi =
Mti − Mci

Spi
* f , where f = 1 − 3

4 ∗ (d f − 1) , and Spi =
(nti − 1)sti

2 + (nci − 1)sci
2

nti + nci − 2

Prior to pooling, effect sizes were weighted by the inverse of the estimate variance (Hedges 

and Olkin, 1985). Primary studies provided data on more than one outcome; therefore, data 

for effect size extraction were selected based on a decisional hierarchy in the following 

order: 1) alcohol measures of quantity or frequency in the form of means and standard 

deviations or 2) sample proportions. When multiple months of follow-up data were 

provided, the latest time point in two time intervals was selected (i.e., 1–3 months, 6–12 

months). Effect sizes were reverse scored as needed (e.g., number of days drank) such that a 

positive effect size indicated a positive treatment outcome across all studies. Finally, when 

data from publications were insufficient for effect size calculation, raw data were obtained 

from authors where possible (e.g., Hester et al., 2013).

Data Analysis and Sensitivity Analysis

Study-level effect sizes were pooled using random effects assumptions. Here, there is an 

assumed distribution for the population effect with both systematic and random sources of 

variability (Hedges and Vevea, 1998). The significance of the Q-test determined whether 

statistically significant between-study heterogeneity existed within a given pooled estimate 

and regardless of significance, the I2 provided a value for percent heterogeneity due to 

systematic rather than error variance3. If I2 estimates exceeded 50% and k ≥ 54, effect 

2Effect size magnitude can be interpreted using the following benchmarks: 0.2 “small”, 0.5 “medium”, and 0.8 “large” COHEN, J. 
1998. Statistical Power Analysis for the Behavioral Sciences, Hillsdale, NJ, USA, Erlbaum.. However, these are generic guidelines 
that should be interpreted cautiously in the absence of empirically-derived effect size distributions for adult alcohol use samples. For 
example, TANNER-SMITH, E. E., DURLAK, J. A. & MARX, R. A. 2018. Empirically based mean effect size distributions for 
universal prevention programs targeting school-aged youth: A review of meta-analyses. Prevention Science, 19, 1091–1101. suggest 
the following 25th, 50th, and 75th percentiles for behavioral outcomes in adolescent drug programs - 0.05, 0.10, and 0.15, 
respectively.
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moderator analyses were undertaken in attempt to explain systematic variation between 

studies. We considered heterogeneity analysis as a method for examining the validity of our 

a priori method of sub-group effect pooling. To test for potential publication bias, the 

relationship between error and effect size was examined with rank correlation (Begg and 

Mazumdar, 1994) and graphical (Egger et al., 1997) methods.

Results

Primary Study Descriptive Characteristics

The sample included 15 randomized trials of CBT Tech for adult alcohol or poly-drug use 

published between 1997 and 2017. The mean sample size was 656 participants with a 

minimum of 42 (Hester and Delaney, 1997) and a maximum of 7935 (Wallace et al., 2011). 

A large majority of these studies included non-dependent drinkers (95%). Additionally, 60% 

of studies explicitly targeted alcohol use moderation as indicated within the study title, 

intervention title, or study aims. The samples’ mean age was 39 (SD = 8), and samples were 

46% female (SD = 16%) on average. There were slightly more non-US-based (k = 9), 

compared to US-based (k = 6), clinical trials and racial/ethnic data were more likely to be 

reported in US-based studies. Among studies that reported racial/ethnic sample statistics, the 

samples were 72% White (SD = 20%), 34% Black (SD = 28%), and 13% Latino/a (SD = 

10%). Countries other than the US were: Netherlands (Blankers et al., 2011, Riper et al., 

2008); Norway (Brendryen et al., 2014); Canada (Cunningham, 2012); Ireland (Farren et al., 

2015); Sweden (Gajecki et al., 2017); Australia (Kay-Lambkin et al., 2011, Kay-Lambkin et 

al., 2009); and United Kingdom (Wallace et al., 2011). Regarding sampling method, the 

majority of studies recruited participants from the community via online advertising (k = 

10), followed by within specialty clinics or medical facilitates (k = 3), and two studies took 

place on college campuses. Content of the CBT Tech interventions consisted of 4 to 62 

sessions/modules/exercises that varied in time required for completion. With respect to 

intervention theoretical underpinnings and components, nearly all interventions were 

described as CBT (47%) or CBT combined with elements of motivational interviewing or 

motivational enhancement therapy (47%).

CBT Tech Effect Size by Substantive Contrast

Primary study effect sizes were pooled by contrast type at early and late follow-ups. The 

majority of studies presented early follow-up outcomes and these data points are detailed in 

Table 1. When effect size data were only available for late follow-up (Cunningham, 2012, 

Kay-Lambkin et al., 2009, Riper et al., 2008), these data points are provided in Table 1.

CBT Tech compared to assessment only or minimal treatment.

Studies of CBT Tech compared to assessment only, waitlist, or minimal treatment showed a 

positive and significant effect at early follow-up (g = 0.20: 95% CI = 0.22, 0.38, p = .03; tau2 

= .02, Q > .05, I2 = 44%; kes = 5). At late follow-up, pooled effect magnitude was similar, 

3I2 magnitude can be interpreted using the following benchmarks: 0 – 40% “might not be important”, 30 – 60% “may represent 
moderate heterogeneity”, 50 – 90% “may represent substantial heterogeneity”, 75 – 100% “considerable heterogeneity” HIGGINS, J. 
P. & GREEN, S. 2011. Handbook for systematic reviews of interventions version 5.1.0. The Cochrane Collaboration.
4Here, we sought substantial or greater heterogeneity and a sufficient number of studies to ensure variability in covariate values.
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but non-significant (g = 0.20: 95% CI = −0.03, 0.43, p = .09; tau2 = .03, Q > .05, I2 = 64%; 

kes = 3). While heterogeneity data suggested some systematic variability, relative to random 

variability, heterogeneity and k values did not meet thresholds for further moderation 

analyses. For assessment of bias due to publication status in studies contrasting CBT Tech 

with a minimal control, the rank order correlation showed no relationship between precision 

and effect size (Figure 2; k = 6; τ = −0.06, p > .05).

CBT Tech alone compared to TAU.

Only two studies contrasted CBT Tech with TAU at the early follow-up, and the pooled 

effect size was g = −0.33 (95% CI = −0.70, 0.05, p = .09; tau2 = .00, Q > .05, I2 = 0%; kes = 

2). The late follow-up effect size showed a similar result. Specifically, the effect of CBT 

Tech compared to TAU was negative, non-significant, and acceptably homogeneous (g = 

−0.10: 95% CI = −0.38, 0.18, p = .49; tau2 = .00, Q > .05, I2 = 5%; kes = 2).

CBT Tech added to TAU compared to TAU alone.

The largest number of studies in this review examined CBT Tech as an addition to TAU 

compared to TAU alone. The pooled effect size across these studies was positive and 

significant at early follow-up (g = 0.30: 95% CI = 0.10, 0.50, p = .003; tau2 = .03, Q >.05, I2 

= 39%; kes = 7). At late follow-up, the pattern of results was consistent with that observed 

for early follow-up (g = 0.31: 95% CI = 0.05, 0.57, p = .02; tau2 = .04, Q > .05, I2 = 46%; 

kes = 5). Figure 3 shows the plot of primary studies by TAU contrast, and does not suggest 

bias due to publication status (k = 11; τ = −0.04, p > .05).

CBT Tech compared to CBT delivered by a therapist.

The final group of contrasts included studies where one trial arm examined CBT Tech 

compared to CBT delivered by a therapist, either in-person or via online therapy. Only a 

minority of studies included this contrast, and the pooled effect did not support differential 

efficacy between conditions (g = −0.22: 95% CI = −0.52, 0.08, p = .15; tau2 = .00, Q > .05, 

I2 = 0%; kes = 2). Because so few studies contributed to this pooled effect estimate, we 

combined early (Blankers et al., 2011) and late (Kay-Lambkin et al., 2009) follow-up studies 

(see Table 1).

Discussion

In this study, we conducted a meta-analysis of technology-delivered, CBT-based 

interventions targeting alcohol use that were evaluated in 15 independent randomized 

controlled trials. In general, results suggest these CBT Tech interventions are efficacious at 

reducing alcohol use when delivered as a stand-alone treatment or when tested as an addition 

to usual care. The overall magnitude of pooled effects were small as defined by Cohen 

(1998), but these benchmarks should be considered only in the absence of an empirically-

derived distribution of effect sizes for a given population (Tanner-Smith et al., 2018). The 

largest pooled effects found here (g = 0.3) were produced from studies that evaluated CBT 

Tech interventions as an add-on to treatment as usual compared to treatment as usual only. 

This effect size indicates that the difference between the two conditions is equivalent to 

about one-third of a standard deviation (Ellis, 2010). The magnitude of effects found here 
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are similar to those found in other meta-analyses of internet/computer-based interventions 

for alcohol and tobacco (Rooke et al., 2010) and marijuana (Tait et al., 2013) use, yet much 

smaller than pooled effect sizes found in meta-analyses of internet/computer-based CBT-

specific interventions for depression and anxiety disorders (Andrews et al., 2018, Dettore et 

al., 2015, Sijbrandij et al., 2016). However, emerging data suggests even small reductions in 

drinking quantity (e.g., reduction from 4 drinks to 3 drinks per day) have been associated 

with significant improvements in markers of physical health and quality of life (Witkiewitz 

et al., 2018). Only two trials reviewed here evaluated a stand-alone CBT Tech compared to 

therapist-delivered CBT, which produced non-significant between-group effects, similar to 

pooled effects indicating no difference between internet-delivered CBT and face-to-face 

CBT for other psychiatric conditions (Carlbring et al., 2018).

This is, to our knowledge, the first meta-analysis conducted on CBT-based, technology-

delivered interventions for at-risk or dependent alcohol users. Although the overall results 

regarding efficacy are promising, the varied characteristics of the interventions and trials 

included in this analysis suggest any firm conclusions would be premature at this time. For 

one, a large proportion of the CBT-based interventions reviewed here combined elements of 

other evidence-based approaches, with motivational interviewing/enhancement therapy 

being one of the most commonly integrated. While attention to patient motivation is often 

incorporated in CBT for alcohol use manuals (Monti et al., 2002), these strategies are not a 

primary component of the intervention, as was the case in many of the CBT Tech programs 

reviewed here (e.g., Wallace et al., 2011). The combination of CBT and motivational 

interviewing became increasingly common following the Combined Behavioral Intervention 

(CBI) approach (COMBINE Study Research Group, 2003) employed for AUD in the 

COMBINE Study (Anton et al., 2006). Other programs included in this meta-analysis are 

‘packaged’ approaches that combine cognitive behavioral relapse prevention skills with 

personalized feedback, such as the Tertiary Health Research Intervention via Email 

(THRIVE; Leeman et al., 2016), or with acceptance and mindfulness exercises (Balance; 

Brendryen et al., 2014). Thus, the number of ‘pure’ CBT technology-based interventions, 

and therefore the evidence for their efficacy, is currently relatively limited.

The CBT Tech programs also varied in terms of amount of content. Standard CBT 

interventions evaluated in randomized controlled trials for alcohol use typically include 8–12 

sessions of weekly face-to-face individual or group psychotherapy; the average number of 

sessions from alcohol studies included in the latest meta-analysis of CBT was 12 (Magill 

and Ray, 2009). Although the average number of sessions/modules across the CBT Tech 

programs reviewed here was 13, they ranged from 4 to 62. Excluding the program with 62 

(Balance; Brendryen et al., 2014), the average number of sessions/modules was 9. While this 

may appear comparable to standard face-to-face CBT interventions, the amount of time per 

session/module in CBT Tech programs cannot be assumed equivalent to the length of a CBT 

session. For instance, each of the 62 exercises in the Balance program takes 3–10 minutes to 

complete (Brendryen et al., 2014), whereas face-to-face CBT sessions typically take 45–60 

minutes. Therefore, some CBT Tech programs reviewed here could be characterized as 

relatively brief interventions. Moreover, treatment adherence and exposure to these programs 

varied. For instance, among those assigned to the specific CBT Tech intervention being 

evaluated, Riper and colleagues (2008) reported only 45% actually accessed it, whereas 
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Cunningham (2012) reported 71%, and Kiluk and colleagues (2016) reported 100% 

accessed the program at least once, respectively. It should be noted that because many CBT 

Tech programs are available 24 hours/7 days per week and individuals are encouraged to 

access the material as frequently as desired, there is often no a priori intended length of 

exposure reported. The great advantage of accessibility of these programs does create some 

complexity (and potential weakness) when attending to issues of internal validity in 

randomized trials (Kiluk et al., 2011). Therefore, it is difficult to evaluate treatment 

adherence and exposure across CBT Tech programs, and many published reports did not 

include this information (for further detail see Supplemental Table 1).

One of the major benefits of technology-delivered interventions is the ability to reach large 

populations of individuals with the target problem or condition, which was clearly evident in 

these trials. The average sample size in the RCTs was 656, with a range from 42 to 7,935. 

Even after excluding the 7,935 outlier (Wallace et al., 2011), the average sample size was 

136. For face-to-face CBT trials for alcohol use from the Magill and Ray (2009) meta-

analysis, the average sample size was 198, but after excluding two outliers (Project MATCH 

Research Group, 1997), the average sample size was 90. The opportunity to provide a CBT-

based intervention for alcohol use without the need for individuals to attend in-person 

sessions at a specialty clinic, university counseling center, or other community-based facility 

greatly enhances the reach of the intervention. Also, the samples included in the trials 

reviewed here represent a diverse population of individuals with hazardous alcohol use 

and/or alcohol use disorder, with females and racial/ethnic minorities making up nearly half 

of the study samples (for those reporting demographic factors; i.e., primarily US-based 

studies). Furthermore, delivering CBT or components of CBT through web-based programs 

or mobile applications eliminates the need for careful selection, training, and fidelity 

monitoring of therapists, and the ongoing expert supervision/coaching required to maintain 

CBT fidelity that drive up costs for community clinics and research trials, alike. Lastly, the 

availability of technology-delivered CBT may serve as an adjunct to pharmacotherapy, 

towards the goal of integrative care (Ray et al., 2019). This is consistent with the notion that 

patients seeking treatment for problem drinking should be offered a full range of treatments 

in conjunction with pharmacotherapy, including CBT (National Institute on Alcohol Abuse 

and Alcoholism, 2005). Such considerations have become increasingly pressing in the 

current landscape of healthcare with high demand for addiction treatment and low 

availability of specialized services (Dimoff et al., 2017).

Limitations and Conclusions

While the development of technology-delivered versions of CBT (and CBT components) has 

been rapidly expanding, our meta-analysis was constrained by a relatively small number of 

studies targeting alcohol use. Given the context provided by a larger meta-analytic project on 

CBT efficacy for alcohol and other drug use (Magill et al., under review), we entered this 

analysis with a goal of deriving a set of valid and statistically homogeneous sub-groups of 

studies upon which to base pooled effect estimates. We believe we achieved this goal with 

non-significant Q tests and less than substantial I2 values in all but one pooled effect size, 

and this latter sub-group was comprised of only three studies. Under the conditions of small 

sample size and effect homogeneity, our ability to detect clinically-informative effect 
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moderators was limited. As such, this body of literature may be well served by a patient-

level meta-analysis (e.g., Lambert et al., 2002) if consistent outcome and patient 

characteristic measures were available. Also, this meta-analysis selected consumption/

abstinence measures a priori, but equally important may be consequences of alcohol use and 

improvements in overall functioning particularly when examining primarily harm-reduction 

studies (Kiluk et al., 2019).

In conclusion, this meta-analysis shows CBT-based, technology-delivered interventions have 

a beneficial, yet small effect on alcohol consumption outcomes when delivered as a stand-

alone treatment in contrast to assessment only or when delivered as an addition to usual care 

in specialty substance use or mental health settings. Given the cost-benefit potential, 

capacity for reach, and ability to infuse evidence-based practices with fidelity, the results 

presented here are quite promising. With that said, our review does not suggest these models 

should replace in-person or established services, as there have been few well-controlled 

comparisons within the field of treatment for alcohol use.
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Figure 1. 
Flow of primary study inclusion.

Notes. K/k is defined as number of groups. CBT = cognitive behavioral therapy * e.g., Trials 

of in-person CBT; pharmacotherapy trials, including CBT.
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Figure 2. 
Plot of assessment of publication bias – minimal contrast studies

Notes. Small sample/small effect studies are assumed to characterize unpublished research, 

resulting in a significant and negative relationship, thus an asymmetrical funnel plot, when 

publication bias is present. Assessment of bias in CBT Tech effect compared to assessment 

only or minimal treatment shows some asymmetry, but the rank order correlation suggested 

no statistical relationship between precision and effect size (k = 6; τ = −0.06, p > .05).
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Figure 3. 
Plot of assessment of publication bias – TAU contrast studies

Notes. Small sample/small effect studies are assumed to characterize unpublished research, 

resulting in a significant and negative relationship, thus an asymmetrical funnel plot, when 

publication bias is present. Assessment of bias in the effect of CBT Tech alone or combined 

with TAU compared to TAU alone showed good symmetry, and the rank order correlation 

suggested no relationship between precision and effect size (k = 11; τ = −0.04, p > .05).
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