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Technology-Delivered Cognitive-Behavioral Interventions
for Alcohol Use: A Meta-Analysis

Brian D. Kiluk , Lara A. Ray , Justin Walthers, Michael Bernstein, Jeffery S. Tonigan, and

Molly Magill

Background: Cognitive-behavioral therapy (CBT) has long-standing evidence for efficacy in the treat-
ment 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.

Methods: Descriptive data were used to characterize the nature of the literature on technology-de-
livered, CBT-based interventions for alcohol use (“CBT Tech”). Inverse-variance-weighted effect sizes
were calculated, and random effects, effect sizes were pooled in 4 subgroups.

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 motiva-
tional 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 (¢ = 0.20:
95% CI = 0.22, 0.38, kes = 5). When CBT Tech was compared to treatment as usual (TAU), effects
were nonsignificant. 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, k.s = 7), and stable over
12-month follow-up. Only 2 studies compared CBT Tech to in-person CBT, and this pooled effect size
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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 set-

tings.

Key Words: Alcohol Treatment, Cognitive-Behavioral, Computer-Based Treatment, Technology-

Based Treatment, Meta-Analysis.

OGNITIVE -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 with minimal treatment and nonsignificant dif-
ferences 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 Psychi-
atric Association, 2010, 2018, National Institute on Alcohol
Abuse and Alcoholism, 2014). Over the years, the delivery of
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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
et al., 2001), as well as integrated with mindfulness practices
(e.g., Mindfulness-Based Relapse Prevention; Bowen et al.,
2010). While the development, evaluation, and dissemina-
tion 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 develop-
ments 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,
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web-based, and mobile platforms) offers several advantages
over traditional face-to-face delivered treatments. These
methods are highly accessible and available, given the ubiq-
uity 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 sub-
stance 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 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 prepared-
ness of providers, including insufficient training, limited com-
petency, and overestimation of providers’ skills, which has
been particularly relevant to the delivery of complex modali-
ties such as CBT (Creed et al., 2016; Fairburn and Cooper,
2011; Herschell et al., 2010). A major obstacle is 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 (McLellan et al., 2003;
Olmstead et al.,, 2012; Rakovshik and McManus, 2010;
Sholomskas et al., 2005). Using technology to deliver an evi-
dence-based treatment enhances treatment fidelity by provid-
ing a highly standardized delivery of complex activities,
while reducing the costs and demands associated with train-
ing and supervising healthcare professionals (Carroll and
Kiluk, 2017; Marsch et al., 2014).

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 condi-
tion or disorder being targeted (Kiluk et al., 2011). The pro-
cess 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 effi-
cacy. 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 effi-
cacy of technology-delivered treatments with the same level
of methodological rigor and statistical evaluation as in-per-
son treatments. Here, multiple reviews and meta-analyses of
technology-delivered CBT interventions have indicated effi-
cacy for treating a range of mental health conditions, includ-
ing anxiety, depression, and somatic disorders (Andersson
et al., 2014; Andrews et al., 2018; Karyotaki et al., 2018; Sij-
brandij 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;
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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 was 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 pro-
vide 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, com-
puter-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 train-
ing) 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 con-
sidered clinician-delivered interventions using the Internet
purely as a medium for communication. The focus of this
report is on the efficacy of computerized interventions deliv-
ering CBT-based content, when contrasted with a range of
experimental controls.

MATERIALS AND METHODS
Primary Study Literature Search

A literature search was conducted through July of 2019 to iden-
tify 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 inter-
vention (“cognitive behavioral therapy” OR “coping skills training”
OR “relapse prevention”) AND outcome (“alcohol” OR “canna-
bis” OR “cocaine” OR “dual diagnosis” OR “dual disorder” OR
“heroin” OR “illicit drug” OR “marijuana” OR “metham-
phetamine” OR “opiate” OR “polysubstance” OR “stimulant” OR
“substances”) AND study (“efficacy” OR “randomized clinical
trial” OR “randomized controlled trial”) terms in the PubMed data-
base. Next, searches of the Cochrane Register and EBSCO (e.g.,
PsycINFO) were performed. Abstract screening occurred by 2 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 representa-
tion of study inclusion, and although all drug use disorders were ini-
tially of interest, the majority of studies addressed alcohol use. As a
result, studies targeting cocaine/stimulant (Carroll et al., 2014;
Schaub et al., 2012, 2019; Tait et al., 2015), 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 homogeneity! (final sample K = 15 studies;
N = 9,838 participants).

'A 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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Primary Study Inclusion

Study inclusion criteria were as follows: (i) English language pub-
lication, (ii) peer-reviewed publication, (iii) date range: 1990 to
2019, (iv) study methodology: randomized controlled trial, (v) age:
adult (age >18), (vi) alcohol criterion: alcohol users meeting criteria
for a disorder (i.e., DSM III-R through 5; American Psychiatric
Association, 1987, 1994, 2000, 2013), nondependent/heavy con-
sumption (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 (vii) inter-
vention: cognitive-behavioral or combined cognitive-behavioral
(i.e., combined with elements of other evidence-based treatments)
therapy delivered in a technology-based format (see Tables 1 and
S1 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, avoid-
ance 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

Candidate studies
identified from initial
database search (1990-July

following substantive contrasts: (i) CBT Tech compared to
assessment only or minimal treatment (e.g., a pamphlet with
alcohol information), (ii)) CBT Tech compared to a passive
treatment or treatment as usual [TAU], (iii) CBT Tech added
to TAU compared to TAU only, and (iv) CBT Tech compared
to CBT delivered by a therapist. Additionally, effect sizes were
pooled for early (1 to 3 months) and late (6 to 12 months) fol-
low-up outcomes. Second, study characteristic descriptors were
as follows: mean age of participants, percent female partici-
pants, 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 (Hig-
gins 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.

A 4
.

2019) or Magill & Ray
(2009)
k=12098
Screening Identified and removed duplicate articles
k=1953
A 4

Unique candidate studies
considered for inclusion

k=10145 Candidate studies excluded for the following reasons:

* Nota clinical trial (k =3755)
« Did not target substance use (k = 3465)
¢ Didnot use CBT (k=1951)
¢ Not target population (k = 347)
¢  CBT (face-to-face) combined with another therapy (k = 123)
* Diverted to other meta-analyses (k = 121)*
Targeted tobacco (k= 44)
¢ Not peer reviewed (k =41)
¢ Notrandom assignment (k = 25)
*  Not published in English (k = 16)
¢ Other* (k =234)
Total studies excluded in this step: (k = 10122)

v

Studies removed at subsequent exclusion of drug
trials (k = 8)

Studies removed due to author non-response to
data request (k =1)

A 4
Studies included in present
meta-analysis
k=15

Fig. 1. Flow of primary study inclusion. K/k is defined as number of groups. CBT = cognitive-behavioral therapy *, for example, trials of in-person

CBT; pharmacotherapy trials, including CBT.
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COGNITIVE-BEHAVIORAL META-ANALYSIS

Primary Study Outcome Variables

The standardized mean difference was used as the effect size met-
ric in this meta-analysis.> Hedges™ g includes a correction, f, for a
slight upward bias in the estimated population effect (Hedges,
1994).

M;— M, _ 3
gi —T* V],W’here‘f— 1 m,and Spl
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Prior to pooling, effect sizes were weighted by the inverse of
the estimate variance (Hedges and Olkin, 1985). Primary stud-
ies provided data on more than 1 outcome; therefore, data for
effect size extraction were selected based on a decisional hierar-
chy in the following order: (i) alcohol measures of quantity or
frequency in the form of means and standard deviations or (ii)
sample proportions. When multiple months of follow-up data
were provided, the latest time point in 2 time intervals was
selected (i.e., 1 to 3 and 6 to 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 out-
come 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 pop-
ulation effect with both systematic and random sources of vari-
ability (Hedges and Vevea, 1998). The significance of the QO-test
determined whether statistically significant between-study hetero-
geneity existed within a given pooled estimate and regardless of
significance, the F* provided a value for percent heterogeneity
due to systematic rather than error variance.> If I* estimates
exceeded 50% and k > 5.* effect moderator analyses were under-
taken in an attempt to explain systematic variation between
studies. We considered heterogeneity analysis as a method for
examining the validity of our a priori method of subgroup 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.

%Effect size magnitude can be interpreted using the following benchmarks:
0.2 “small,” 0.5 “medium,” and 0.8 “large” (Cohen, 1998). 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 and colleagues (2018) suggest the following 25th,
50th, and 75th percentiles for behavioral outcomes in adolescent drug pro-
grams—~0.05, 0.10, and 0.15, respectively.

3P magnitude can be interpreted using the following benchmarks: 0 to 40%
“might not be important,” 30 to 60% “may represent moderate heterogene-
ity,” 50 to 90% “may represent substantial heterogeneity,” and 75 to 100%
“considerable heterogeneity” (Higgins and Green, 2011).

“Here, we sought substantial or greater heterogeneity and a sufficient number
of studies to ensure variability in covariate values.

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 7,935 (Wallace et al., 2011). A large majority of these
studies included nondependent drinkers (95%). Addition-
ally, 60% of studies explicitly targeted alcohol use modera-
tion as indicated within the study title, intervention title, or
study aims. The samples’ mean age was 39 (SD = §), 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 stud-
ies 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
United States were as follows: 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., 2009, 2011); and United Kingdom (Wallace et al.,
2011). Regarding sampling method, the majority of studies
recruited participants from the community via online adver-
tising (k = 10), followed by within specialty clinics or medical
facilitates (k = 3), and 2 studies took place on college cam-
puses. 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, 038, p = 0.03; > =0.02, Q0 > 0.05, P> =44%;
kes = 5). At late follow-up, pooled effect magnitude was simi-
lar, but nonsignificant (g = 0.20: 95% CI = —0.03, 0.43,
p = 0.09; 72 =003, 0>0.05 F=64%; ke =23). While
heterogeneity data suggested some systematic variability, rel-
ative to random variability, heterogeneity and k values did
not meet thresholds for further moderation analyses. For
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assessment of bias due to publication status in studies con-
trasting CBT Tech with a minimal control, the rank-order
correlation showed no relationship between precision and
effect size (Fig. 2; k = 6;t = —0.06, p > 0.05).

CBT Tech Alone Compared to TAU. Only 2 studies con-
trasted 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 = 0.09; 72 =0.00, O > 0.05, I = 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 = 0.49; 7> = 0.00, Q > 0.05, I* = 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 = 0.003;
2 =0.03, Q0 > 0.05, P = 39%; ke, = 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 = 0.02;
= 0.04, 0 > 0.05, I = 46%; kes = 5). Figure 3 shows the
plot of primary studies by TAU contrast and does not sug-
gest bias due to publication status (kK = 11; t = —0.04,
p > 0.05).

CBT Tech Compared to CBT Delivered by a Thera-
pist. The final group of contrasts included studies where 1
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
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(g = —0.22: 95% CI = —0.52, 0.08, p = 0.15; > = 0.00,
0 > 0.05, P = 0%:; ke = 2). Because so few studies con-
tributed 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 interven-
tions 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 was small
as defined by Cohen (1998), but these benchmarks should be
considered only in the absence of an empirically derived dis-
tribution 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 inter-
ventions as an add-on to TAU compared to TAU only. This
effect size indicates that the difference between the 2 condi-
tions is equivalent to about one-third of a standard deviation
(Ellis, 2010). The magnitude of effects found here is similar
to that 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 sug-
gest even small reductions in drinking quantity (e.g., reduc-
tion from 4 drinks to 3 drinks/day) have been associated
with significant improvements in markers of physical health
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Fig. 2. Plot of assessment of publication bias—minimal contrast studies. 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 rela-

tionship between precision and effect size (k = 6; T = —0.06, p > 0.05).
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Fig. 3. Plot of assessment of publication bias—TAU contrast studies. 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 relation-

ship between precision and effect size (k = 11; t = —0.04, p > 0.05).

and quality of life (Witkiewitz et al., 2018). Only 2 trials
reviewed here evaluated a stand-alone CBT Tech compared
to therapist-delivered CBT, which produced nonsignificant
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 con-
ducted on CBT-based, technology-delivered interventions
for at-risk or dependent alcohol users. Although the overall
results regarding efficacy are promising, the varied character-
istics 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 interven-
tions reviewed here combined elements of other evidence-
based approaches, with motivational interviewing/enhance-
ment 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., 20006).
Other programs included in this meta-analysis are “pack-
aged” approaches that combine cognitive-behavioral relapse
prevention skills with personalized feedback, such as the Ter-
tiary 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 there-
fore the evidence for their efficacy, is currently relatively lim-
ited.

The CBT Tech programs also varied in terms of amount
of content. Standard CBT interventions evaluated in ran-
domized controlled trials for alcohol use typically include 8
to 12 sessions of weekly face-to-face individual or group psy-
chotherapy; 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 ses-
sions/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 num-
ber of sessions/modules was 9. While this may appear com-
parable 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 to 10 minutes to complete (Brendryen et al., 2014),
whereas face-to-face CBT sessions typically take 45 to
60 minutes. Therefore, some CBT Tech programs reviewed
here could be characterized as relatively brief interventions.
Moreover, treatment adherence and exposure to these pro-
grams 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 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 h/7 d/wk and individu-
als 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 pro-
grams 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 Table S1).

One of the major benefits of technology-delivered inter-
ventions is the ability to reach large populations of individu-
als 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 2 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 ses-
sions at a specialty clinic, university counseling center, or
other community-based facilities 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 selec-
tion, 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,
toward 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 press-
ing in the current landscape of health care 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 expand-
ing, 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., in press), we
entered this analysis with a goal of deriving a set of valid
and statistically homogeneous subgroups of studies upon
which to base pooled effect estimates. We believe we
achieved this goal with nonsignificant Q tests and less than
substantial /> values in all but one pooled effect size, and
this latter subgroup was comprised of only 3 studies. Under
the conditions of small sample size and effect homogeneity,
our ability to detect clinically informative effect moderators
was limited. As such, this body of literature may be well
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served by a patient-level meta-analysis (e.g., Lambert et al.,
2002) if consistent outcome and patient characteristic mea-
sures were available. Also, this meta-analysis selected con-
sumption/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, tech-
nology-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 poten-
tial, 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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