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Abstract

Background: Smoking remains a highly significant preventable global public health problem. In this context, digital interventions
offer great advantages in terms of a lack of biological side effects, possibility of automatic delivery, and consequent human
resource savings relative to traditional interventions. Such interventions have been studied in randomized controlled trials (RCTs)
but have not been systematically reviewed with the inclusion of text-based and multiplatform-based interventions. In addition,
this area has not been evaluated from the perspective of the psychological theoretical basis of intervention.

Objective: The aim of this paper is to assess the efficiency of digital interventions in RCT studies of smoking cessation and to
evaluate the effectiveness of the strategies used for digital interventions.

Methods: An electronic search of RCTs was conducted using PubMed, Embase, and the Cochrane Library by June 30, 2021.
Eligible studies had to compare automated digital intervention (ADI) to the use of a self-help guideline or no intervention.
Participants were current smokers (aged 16 years or older). As the main outcome, abstinence after endpoint was extracted from
the studies. Systematic review and meta-analysis were conducted to assess the efficiency of ADIs. Metaregressions were conducted
to assess the relationship between intervention theory and effectiveness.

Results: A total of 19 trials (15,472 participants) were included in the analysis. The overall abstinence rate (95% CI) at the
endpoint was 17.8% (17.0-18.7). The overall risk ratio of the intervention group compared to the controls at the endpoint was
17.8% (17.0-18.7). Cochrane risk-of-bias tool for randomized trials (ROB 2) suggested that most of the studies had a low risk of
bias (56.3%). Psychological theory–related constructs or predictors, which refer to other theory-based concepts (rather than only
behavioral theory) such as craving or anxiety, are associated with effectiveness.

Conclusions: This study found that ADI had a clear positive effect compared to self-help guidelines or to no intervention, and
effectiveness was associated with theory-related constructs or predictors. ADIs should be promoted by policy makers and clinical
practitioners to address the huge gap between the need for smoking cessation and availability of traditional treatment resources.
Possible increases in ADI efficiency may be achieved by optimally integrating psychotherapeutic theories and techniques.

Trial Registration: PROSPERO CRD42021256593; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=256593
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Introduction

Background
Smoking tobacco is the leading risk factor for noncommunicable
diseases and the leading cause of substance-attributable mortality
rates and disability-adjusted life years [1,2].

Most smokers use tobacco products constantly or relapse after
quitting due to nicotine addiction. Therapies for smoking
cessation include pharmacological agents and psychosocial
approaches [3]. Pharmacotherapy is recommended for short-term
use [4]. Food and Drug Administration–approved first-line
medications include nicotine replacement therapy (NRT),
bupropion, and varenicline [5], which generally result in higher
quit rates than placebo [6]. Side effects of these medications,
including nausea, vomiting, and neuropsychiatric symptoms,
often limit use of such medication treatment for many general
smokers [7,8]. Counseling and behavioral therapies are also
effective in smoking cessation [9,10]. Compared to
pharmacotherapy, counseling and behavioral therapies may
enhance patients’ motivation and provide education on general
and specific strategies for smoking cessation and encouragement
[5]. The shortage of trained counselors remains a barrier not
only for general availability but also effectiveness of
nonmedication interventions. Current inadequacies in
availability of professional human resources, inequities in
primary care, overwhelming serious cases in hospitals,
unsatisfactory accessibility, poor cost-effectiveness issues, and
lack of compliance restrict the efficiency of smoking cessation
interventions and result in numerous untreated or relapsed
smokers [3,11]. Such evidence indicates a pressing need for
more cost-effective interventions.

With the progress of mobile and digital technologies, mobile
health management and digital therapeutics present good
prospects for managing chronic health conditions [12-14],
especially in low- and middle-income countries (LMIC) [15];
this is because they have the advantages of having fewer side
effects than pharmacotherapy, less need for trained human
resources than counseling and behavioral therapies because of
the possibility of automatic delivery, more individualized
interventions, as well as great accessibility and portability, which
may result in higher cost-effectiveness [11,12,16,17]. Such
technologies are, therefore, potentially effective strategies for
improving health delivery, especially in LMIC, where the lack
of capacity in professional human and related resources is
prominent [10]. Recent studies report positive indications that
automated digital interventions (ADIs) are well accepted and
may benefit smokers in LMICs [13,14], although the number
of studies focusing on effectiveness was fewer than those
investigating acceptability and feasibility of ADIs in LMICs
[15,18,19]. For intervention content, earlier digital interventions
provided text interventions (text-based), while
multiplatform-based interventions, which provided diverse tools
for interventions such as serious games and virtual reality, have

been developed and studied more recently. Evidence indicates
that mobile health management and digital interventions could
be effective in many chronic conditions, including hypertension
[20,21], diabetes [22,23], and mental illness [24,25]. Digital
interventions may also be promising treatments for substance
use disorders other than tobacco smoking, in relation to
narrowing the enormous gap between the growing need and
lack of professional human resources [26-28]. More than 30
clinical trials examining effectiveness of digital smoking
cessation interventions have been conducted. A systemic review
focused on text-based interventions has documented promising
results [29] but did not provide analysis for ADIs. Neither
systematic reviews nor meta-analyses are available that evaluate
text-based and multiplatform-based interventions, although the
latter are anticipated to be more acceptable to patients.

Theoretical Basis of Interventions
Effectiveness of digital interventions could be influenced by
many aspects including psychological behavioral theories, which
are often used to develop content of messages used for a
respective intervention [30], environment [31], and strategies
of implementation [32]. Many retrospective studies found that
applying theories more appropriately could improve
effectiveness through the implementation of theory-based
interventions [33-35]. Interventions guided by different theories
could result in different effectiveness. For example, regarding
health-related behavior, it is reported that interventions based
on the theory of planned behavior tended to have substantially
greater effects than other theories such as the transtheoretical
model or the elaboration likelihood model [36]. The theory
coding scheme (TCS) is a tool for describing the theoretical
basis of interventions [37] and is widely used in meta-analyses
[31,36,38] for evaluating theory use. The TCS has different
items and categories describing relevant theoretical constructs.
The importance of the association between theoretical basis and
intervention effectiveness for smoking cessation has not yet
been assessed, although some reviews that focused on other
disorders or conditions demonstrated diverse evidence for the
relationship of intervention effectiveness to intervention theory
with both positive [36,38] and null [30,39] associations.

Objective
To enhance smoking cessation interventions with ADIs, this
systemic review plus meta-analysis aimed to assess the
efficiency of automated digital interventions in randomized
controlled trial (RCT) studies and to evaluate the association
between intervention effectiveness and how the intervention
strategy is based on theory.

Methods

Data Sources and Search
Through a broad search of databases, including PubMed,
Embase, CNKI, and Cochrane Library, we identified relevant
studies using the PRISMA (Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses) guidelines [40]. We
also checked the reference lists of the included studies and
relevant reviews for study selection. The search strategy
combined terms related to digital intervention (ie, mobile health)
and tobacco smoking cessation (ie, nicotine addiction). For the
full search strategy, see Supporting Information 1 in Multimedia
Appendix 1.

Inclusion and Exclusion Criteria and Quality
Assessment
We included studies with the following criteria: (1) RCT; (2)
study with participants aged >16 years and current tobacco
smokers; (3) intervention automatedly delivered via a digital
method and targeted smoking cessation; (4) abstinence
assessment during the whole follow-up period of at least 3
months; (5) self-help guidelines or no intervention in control
group; and (6) studies reported in English or Chinese. To focus
on smoking cessation solely, study participants with other mental
diseases are excluded from this analysis. Moreover, interventions
that include financial incentives (which could limit the
generalization of ADIs) and studies with rate of loss to follow-up
over 60% are excluded from the analysis. No exclusion was
made for duration of intervention, intervention frequency, study
region study sample, or the content of the delivery or frequency
of the messages.

Two authors independently reviewed the studies using the
inclusion and exclusion criteria. The title and abstract of each
study were screened initially, followed by full-text analysis if
the title and abstract were consistent with the inclusion and
exclusion criteria. Disagreement on evaluation for inclusion
was resolved by discussion of the authors, and if necessary, a
third reviewer was included in the discussion to reach consensus.

For quality assessment, we used the Cochrane risk of bias tool
(Cochrane ROB 2) [41], which is a commonly used tool to
access bias for clinical trials. The randomization process,
deviations from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported result
were assessed to obtain an estimate of overall bias.

Data Extraction and Effect Size Calculation
We extracted follow-up data at the endpoint (abstinence during
the whole follow-up period) as the main outcome for efficiency
assessment and follow-up data at 3 months and 6 months (if
available) as secondary outcomes. We also extracted author,
publication year, study region, sample size, control type,
intervention type, and intervention duration of all included
articles as baseline information (Table 1). As key components
of digital intervention, the timing was consistent across studies;
all studies began their intervention around the quit date.
Frequency was not reported in most of the studies as their
intervention could be available whenever the participant wants
or on a daily basis because of automated delivery. Therefore,
we did not conduct further analyses in these aspects. We used
the risk ratio (RR) as the efficiency measure, and RRs were
calculated with follow-up data extracted from the included
articles. When cases were reported as lost to follow-up, they
were treated as relapse.

We used the TCS to assess the potential relationship between
intervention theory and intervention effectiveness [42]. The
TCS evaluates several aspects of a theory-based intervention,
and these aspects will be analyzed, including “is theory
mentioned?” “are the relevant theoretical constructs targeted?”
“is theory used to select recipients or tailor interventions?” “are
the relevant theoretical constructs measured?” “is theory tested?”
and “is theory refined.” Two independent reviewers coded all
included articles. In the case of differing opinions, consensus
was achieved by discussion. The amended version of TCS was
used in this analysis. Two items (“quality of measures” and
“randomization of participants to condition”) were excluded
from the amended vision of the TCS because these aspects were
assessed in Cochrane ROB 2 previously [41]. The amended
TCS has a total of 22 items, including all subitems. Each item
was coded as 1 (present) or 0 (absent). All intervention theories
mentioned in the study or in the reference list were recognized
during the review process. The TCS also had 6 categories of
theory use, and total scores of each category were calculated
for further analysis.

Data Analysis
We conducted all analyses in R (version 4.0.4; R Foundation

for Statistical Computing). Q statistic and I2 were reported for

study heterogeneity. If the I2 was at least 40% and the Q statistic
was significant (P<.05), the overall effect was considered
heterogeneous [37]. We used a random-effects model to analyze
the overall effect. We used intention-to-treat analysis to assess
all data, which handles those cases lost to follow-up as relapse.
To test the accuracy of the overall effects, sensitivity analysis
was performed. We also conducted subgroup analysis for
3-month and endpoint abstinence to test the source of
heterogeneity using baseline information. Funnel plot and Peters
tests were employed to test the publication bias of this analysis
because of the sample size [43]. Effect sizes of all studies with
95% CI and the weighted aggregate effects were represented
using forest plots. The abstinence rates during follow-up (3
months, 6 months, and endpoint) were calculated and reported
with a 95% CI for individual studies and overall.

To evaluate the association between intervention effectiveness
and how the intervention strategy is based on theory, we
conducted univariate and multivariate metaregressions for
3-month, 6-month, and endpoint abstinence with the TCS score
(including each item, each category, and total score). If none
of the studies or all of the studies met the standards of the item,
no metaregression was conducted for this item. All items or
categories that showed a significant association with
effectiveness and were coded by more than one study were
included in the multivariate regression analysis. The regression
coefficient (B) represented the mean of the unstandardized
effects that differentially included each TCS covariate. The
regression coefficients were calculated and reported with 95%
CI and P values.
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Results

Study Characteristics
A total of 6614 studies were identified after initial database
search, and a total of 5829 studies were retained after removing
duplicates. After reviewing the full texts, 19 studies were
included in the analysis. For the details of study selection, see
Figure 1. Table 1 demonstrates basic characteristics for each
ADI clinical trial. Out of the 19 trials, 6 (32%) performed no
intervention in the control group, and the interventions in the
other 13 (68%) trials comprised use of self-help guidelines.
Moreover, 8 (42%) trials tested effectiveness for text-based
intervention, and the other 11 (58%) trials tested
multiplatform-based interventions. Of all the reported theory
uses, the transtheoretical model of behavior change (13/19,
68.42%) and cognitive behavioral therapy (12/19, 63.16%) were

the most commonly used. The endpoints of included studies
ranged from 3 months to 12 months. The sample size varied
from 110 to 2478, with 9 trials over 500. Overall abstinence
rates (3 months, 6 months, and endpoint) were demonstrated
with 95% CIs in Table 1. The results from the Peters test and
funnel plots suggested a low risk of publication bias with P>.05
(for details, see Supporting Information 2 in Multimedia
Appendix 1). Total between-study heterogeneity was significant
for 3-month abstinence, 6-month abstinence, and endpoint

abstinence (3-month: X2=74.04, P<.05 and I2=76%; 6-month:

X2=63.40, P<.05 and I2=81%; endpoint: X2=90.10, P<.05 and

I2=80% endpoint). With respect to quality assessment, Cochrane
ROB 2 suggested that, of the 19 included studies, 11 (58%) had
a low risk of bias, 3 (16%) showed some concern of bias, and
5 (26%) showed a high risk of bias (Supporting Information 3
in Multimedia Appendix 1).

Figure 1. Flowchart.
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Table 1. Descriptive information of included clinical trials.

Abstinence, percentageb (95% CI)Sample
size, n (%)

EndpointControl
type

Intervention
type

Study regionYearAuthora

Endpoint3-month

ControlExperimentControlExperiment

5.0 (2.6,
8.5)

11.1 (7.5,
15.5)

16.2 (11.8,
21.5)

27.5 (22.2,
33.3)

503 (3.25)6 monthsSelf-help
guideline

Text-basedUnited
States

2014Abroms [44]

1.5 (1.0,
2.7)

6.1 (4.6, 8.0)9.1 (7.2,
11.4)

8.8 (6.9, 10.9)1599
(10.33)

6 monthsSelf-help
guideline

MultiplatformCanada2018Baskerville
[45]

4.7 (2.7,
7.5)

10.2 (7.2,
13.9)

7.9 (5.3,
11.3)

17.3 (13.4,
21.7)

684 (4.42)6 monthsSelf-help
guideline

MultiplatformUnited

States, etcc
2018BinDhim

[46]

6.8 (3.3,
12.2)

20.1 (13.9,
27.6)

11.6 (6.9,
18.0)

30.0 (22.5,
38.0)

290 (1.87)12
months

Self-help
guideline

MultiplatformNorway2008Brendryen
[47]

24.1 (18.4,
30.7)

37.6 (30.8,
44.7)

28.6 (22.5,
35.5)

44.7 (37.6,
51.9)

396 (2.56)12
months

Self-help
guideline

MultiplatformNorway2008Kraft [48]

5.0 (1.0,
13.9)

33.3 (21.7,
46.7)

5.0 (1.0,
13.9)

33.3 (21.7,
46.7)

120 (0.78)3 monthsSelf-help
guideline

MultiplatformArgentina2020Goldenher-
sch [49]

15.5 (12.6,
18.8)

17.0 (14.0,
20.3)

17.5 (14.4,
20.9)

20.2 (17.0,
23.8)

1120 (7.24)6 monthsSelf-help
guideline

Text-basedSwitzerland2017Mavrot [50]

27.8 (17.9,
39.6)

29.2 (19.0,
41.1)

27.8 (17.9,
39.6)

29.2 (19.0,
41.1)

144 (0.93)3 monthsSelf-help
guideline

MultiplatformNetherlands2019Scholten
[51]

27.6 (19.7,
36.7)

26.4 (18.4,
35.6)

21.6 (14.5,
30.1)

27.3 (19.2,
36.6)

226 (1.46)6 monthsSelf-help
guideline

MultiplatformNew
Zealand

2011Whittaker
[52]

23.7 (20.9,
26.7)

25.4 (22.5,
28.4)

18.8 (16.2,
21.5)

29.0 (26.0,
32.2)

1705
(11.02)

6 monthsNo inter-
vention

Text-basedNew
Zealand

2005Rodgers [53]

5 (2.3,
9.27)

12.3 (7.8,
18.2)

5 (2.3,
9.27)

12.3 (7.8,
18.2)

351 (2.27)3 monthsNo inter-
vention

MultiplatformUnited
States

2006Swartz [54]

1.9 (0.8,
3.8)

6.8 (5.0, 9.0)2.2 (1.0,
4.1)

8.3 (6.3, 10.7)1085 (7.01)6 monthsNo inter-
vention

Text-basedChina2018Liao [55]

20.6 (18.3,
22.9)

20.8 (18.6,
23.2)

23.5 (21.1,
25.9)

27.5 (25.1,
30.1)

2478
(16.02)

12
months

Self-help
guideline

Text-basedFrance2019Nguyen [56]

5.4 (4.2,
6.8)

9.6 (8.0,
11.3)

7.8 (6.4,
9.5)

14.4 (12.5,
16.5)

2415
(15.61)

12
months

Self-help
guideline

Text-basedUnited
States

2020Bricker [57]

13.8 (11.4,
16.4)

24.5 (21.6,
27.6)

13.8 (11.4,
16.4)

24.5 (21.6,
27.6)

1590
(10.28)

3 monthsNo inter-
vention

Text-basedSweden2016Mussenner
[58]

6.7 (2.2,
14.9)

14.5 (7.5,
24.4)

6.7 (2.2,
14.9)

14.5 (7.5,
24.4)

151 (0.98)3 monthsSelf-help
guideline

Text-basedTurkey2012Michele [59]

27.7 (19.9,
36.7)

51.3 (41.7,
60.8)

11.8 (6.6,
19.0)

38.1 (29.1,
47.7)

232 (1.49)6 monthsNo inter-
vention

MultiplatformUnited
States

2021Mays [60]

32.7 (19.9,
47.5)

39.3 (27.1,
52.7)

34.7 (21.7,
49.6)

52.5 (39.3,
65.4)

110 (0.71)6 monthsSelf-help
guideline

MultiplatformSpain2021Garcia-Pazo
[61]

22.1 (15.4,
30.0)

58.4 (49.7,
66.7)

22.1 (15.4,
30.0)

58.4 (49.7,
66.7)

273 (1.53)3 monthsNo inter-
vention

MultiplatformThailand2022Chulasai
[62]

13.5 (12.7,
14.2)

17.8 (17.0,
18.7)

14.5 (13.7,
15.3)

21.8 (20.9,
22.7)

15,472N/AN/AN/AN/AN/AdOverall

aFirst author, except for Kraft, who is the second author of the clinical trial. This exception was made because this clinical trial’s first author was also
Brendryen, though these 2 trials were completely different samples.
bAbstinence is calculated when treatment lost to follow up as relapse.
cUnited States, United Kingdom, Australia, and Singapore.
dN/A: not applicable.
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Abstinence
Figure 2 [44-62] shows a forest plot of 3-month and final
abstinence (for a forest plot of 6-month abstinence, see
Supporting Information 4 in Multimedia Appendix 1). For final
abstinence, the ADI had a moderate effect compared to controls
(RR 1.58, 95% CI 1.31, 1.90). Similarly, for 3-month and
6-month abstinence, ADI also showed a moderate effect relative

to controls (RR 1.72, 95% CI 1.46, 2.01) and (RR 1.43, 95%
CI 1.17, 1.74), respectively. The sensitivity test demonstrated
that the overall effect was strong. Omitting any trial would not
change the overall effect significantly in the 3-month results,
6-month results, and endpoint results (for sensitivity test forest
plots, see Multimedia Appendix 1: Supporting Information 5.1
for 3-month results; Supporting Information 5.2 for 6-month
results; and Supporting Information 5.3 for endpoint results).

Figure 2. Forest plot of abstinence at 3 months and final follow-up. MH: Mantel-Haenszel method.

Subgroup Analysis
Subgroup analysis results for 3-month and endpoint abstinence
are displayed in Table 2. We divided studies into subgroups by
the most commonly used theories (transtheoretical model of
behavior change and cognitive behavioral therapy), and there
was no evidence that a particular theory or the combination of
these theories had a significant effect on intervention efficiency.
With respect to sample size, there was no significant difference

between small-sample trials (sample size ≤500) and large-sample
trials (sample size >500). Similarly, we did not find a significant
difference between trials with 2 different controls or 2 different
interventions. RR of studies that were compared with no
intervention is significantly higher compared with that of
self-help guideline. For intervention duration, we did not find
any difference between interventions that lasted for more than
1 month and less than 1 month.
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Table 2. Subgroup analysis of abstinence during the 3-month and endpoint abstinence.

Risk ratio (95% CI)Risk ratio (95% CI)Sample sizeSubgroup

Endpoint3-month

Strategies used for digital interventions

1.43 (1.12, 1.83)1.59 (1.32, 1.91)7187Both

2.30 (1.28, 4.12)2.99 (1.62, 5.53)1547Cognitive behavioral therapy

1.43 (1.12, 1.83)1.48 (1.11, 1.97)6321Transtheoretical model of behavior change

1.65 (1.26, 2.15)1.70 (0.69, 4.21)417Others

.50.23N/AaP value for subgroup difference

Sample size

1.41 (1.11, 1.78)1.54 (1.28, 1.86)13,179>500

1.78 (1.34, 2.37)1.98 (1.51, 2.60)2293≤500

.21.13N/AP value for subgroup difference

Control

1.42 (1.14, 1.76)1.51 (1.26, 1.80)10,126Self-help guideline

1.94 (1.35, 2.78)2.22 (1.70, 2.91)5236No intervention

.14.02N/AP value for subgroup difference

Intervention type

1.48 (1.16, 1.89)1.59 (1.31, 1.92)11,047Text-based

1.61 (1.24, 2.24)1.85 (1.41, 2.44)4425Multiplatform-based

.54.36N/AP value for subgroup difference

Intervention duration

1.59 (1.28, 1.97)1.70 (1.41, 2.04)12,308>1 month

1.65 (1.00, 2.71)1.89 (1.24, 2.90)3164≤1 month

.89.64N/AP value for subgroup difference

1.58 (1.31, 1.90)1.72 (1.46, 2.01)15,472Overall

aN/A: not applicable.

Intervention Theories
Tables 3 and 4 report the frequency of trials presenting the TCS
items (both items and categories) and the results of univariate
regression for abstinence at the endpoint. Most of the items and
categories did not show any significant association with
intervention efficiency except for I7, I10, and C2. However,
only 1 study was coded present in I3 and I10, which was
excluded from multivariate metaregression. To avoid

collinearity, we did not run multivariate regression with I7 and
C2 because I7 is an item inside category 2 (C2) Subsequently,
I7 and C2, which pertain to theory-related constructs or
predictors, were significantly and independently associated with
intervention efficiency. For 3-month and 6-month abstinence,
similar results were observed (Supporting Information 6 in
Multimedia Appendix 1).

For detailed description of each item and category of the TCS,
see Supporting Information 7 in Multimedia Appendix 1.
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Table 3. Univariate regression of the theory coding scheme (TCS) items, TCS categories, and total score at endpoint (results of metaregression).

UnivariateStudies where
item coded as
present, n (%)

Theory coding scheme item (item number)

P value95% CIΒ

N/AN/AN/Aa19 (100)Theory or model of behavior mentioned (I1)

.68(–0.5630, 0.8640)0.150515 (89)Targeted construct mentioned as predictor of behavior (I2)

.20(–0.2318, 1.0989)0.43352 (11)Intervention based on single theory (I3)

.41(–0.6274, 1.5252)0.44891 (5)Theory or predictors used to select recipients for the intervention (I4)

N/AN/AN/A19 (100)Theory or predictors used to select or develop intervention techniques (I5)

.41(–0.6274, 1.5252)0.44891 (5)Theory or predictors used to tailor intervention techniques to recipients (I6)

.03b(0.0530, 1.2387)0.64593 (16)All intervention techniques are explicitly linked to at least one theory-relevant
construct or predictor (I7)

.23(–0.3370, 1.4197)0.541318 (95)At least one, but not all, of the intervention techniques are explicitly linked to
at least one theory-relevant construct or predictor (I8)

.45(–0.3329, 0.7583)0.21273 (16)Group of techniques are linked to a group of constructs or predictors (I9)

.03b(0.1052, 2.8306)1.46791 (5)All theory-relevant constructs or predictors are explicitly linked to at least one
intervention technique (I10)

.11(–0.1237, 1.1613)0.518817 (89)At least one, but not all, of the theory-relevant constructs or predictors are ex-
plicitly linked to at least one intervention technique (I11)

.23(–0.3370, 1.4197)0.541318 (95)Theory-relevant constructs are measured: after intervention (I12a)

.71(–0.3403, 0.5025)0.081110 (53)Theory-relevant constructs are measured: after and before intervention (I12b)

.16(–0.1167, 0.6935)0.28849 (47)Changes in measured theory-relevant constructs or predictors (I13)

.47(–0.4229, 0.9218)0.24952 (11)Mediator predicts the dependent variable (I14a)

.47(–0.4229, 0.9218)0.24952 (11)Mediator predicts dependent variable, controlling for the independent variable
(I14b)

N/AN/AN/A0 (0)Intervention does not predict the dependent variable when controlling the inde-
pendent variable (I14c)

.47(–0.4229, 0.9218)0.24952 (11)Mediated effect is statistically significant (I14d)

.96(–0.4144, 0.4352)0.01048 (42)Results discussed in relation to theory (I15)

.47(–0.4229, 0.9218)0.24952 (11)Appropriate support for theory (I16)

N/AN/AN/A0 (0)Results used to refine theory: adding or removing constructs to the theory
(I17a)

N/AN/AN/A0 (0)Results used to refine theory: specifying that the interrelationships between
the theoretical constructs should be changed (I17b)

aN/A: not applicable.
bP<.05.
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Table 4. Univariate regression of the theory coding scheme (TCS) items, TCS categories, and included items.

UnivariateItems includedTheory coding scheme categories (category number)

P value95% CIΒ

.25(–0.1883, 0.7249)0.26831, 2, 3Reference to underpinning theory (C1)

.01a(0.0619, 0.4497)0.25582, 5, 6, 7, 8, 9, 10, 11Targeting of relevant theoretical constructs (C2)

.41(–0.3137, 0.7626)0.22454, 6Using theory to select recipients or tailor interventions
(C3)

.44(–0.2128, 0.4854)0.136312a, 12bMeasurement of constructs (C4)

.31(–0.0482, 0.1531)0.052412a, 12b, 13, 14a, 14b, 14c, 14d, 15,
16

Testing of theory: mediation effects (C5)

17a, 17bRefining theory (C6)

.08(–0.0068, 0.1116)0.0524All itemsTotal use of theory

aP<.05.

Discussion

Principal Results
To our knowledge, this is the first systematic review and
meta-analysis of trials of the effectiveness of ADIs, including
both text-based and multiplatform-based trials, on smoking
cessation. This meta-analysis provides the latest and strongest
evidence on the overall effectiveness of ADIs for smoking
cessation by finding that ADIs had a moderate effect (RR 1.58,
95% CI 1.31, 1.90) on smoking cessation, compared to self-help
guidelines or to no intervention.

Comparison With Prior Work
Although plausible evidence from clinical trials that directly
compared ADIs and traditional therapies (including
pharmacotherapies and psychotherapies) is not available, this
moderate effect of ADIs found in the present study is basically
comparable with most traditional interventions documented in
previous meta-analyses. We extracted the RR with 95% CI from
previous meta-analyses, and the RR (95% CI) for endpoint
abstinence compared to placebo or no treatment was as follows:
RR 2.24, 95% CI (2.06, 2.43) [63]; RR 1.64, 95% CI (1.52,
1.77) for bupropion [64]; and RR 1.60, 95% CI (1.53, 1.68) for
NRT [65], among which only varenicline showed a significantly
larger RR than ADIs. Regarding the effectiveness of
individualized face-to-face psychological interventions on
smoking cessation, the most recently updated meta-analysis
reported (RR 1.57, 95% CI 1.40, 1.77) as the overall RR (95%
CI) of face-to-face psychological interventions compared to
minimal interventions (self-help booklet and brief advice) for
6-month abstinence [10].

To compare rates of effectiveness directly, we also calculated
the rates (95% CI) of abstinence during the endpoint for the
aforementioned meta-analyses. Accordingly, the abstinence rate
of the ADIs during the endpoint in this study, which achieved
16.4, 95% CI (15.5, 17.2), was lower than 25.6, 95% CI (24.5,
26.6) of varenicline, comparable to 19.7, 95% CI (8.8, 20.6)
and 16.9, 95% CI (16.5, 17.3) for bupropion and NRT, and
higher than 10.9, 95% CI (10.1, 11.8) of individualized
face-to-face counselling [10,63,64,66]. When compared with
pharmacotherapies, the following factors are noteworthy. First,

a moderate level of side effects, especially nausea, is reported
in all pharmacotherapies, and there is a notable increase in
serious adverse effects, including infections and cardiovascular
events, with the use of varenicline and NRT [63,65]. Second,
an increase in dropouts due to side effects has been reported for
bupropion [64]. In addition, participants engaging trials of
pharmacotherapies may have more motivation than other
interventions because they consented to participate, even though
they were made aware in advance of possible side effects. For
the comparison with face-to-face psychological interventions,
the results of this study are consistent with the results of research
on other substance use disorders, as a systematic review
demonstrated that there might be no or little difference in
effectiveness between digital interventions and face-to-face
interventions on lowering alcohol consumption [67].

A systematic review and meta-analysis focused on text-based
interventions for smoking cessation was conducted in 2019 [29].
The prior published meta-analysis regarding digital interventions
on smoking cessation included both human-delivered
interventions and automated-delivered interventions. With the
advantages of less professional human resource costs comparing
to human-delivered ones [11,12,16,17], the effectiveness of
ADIs have not been investigated separately from
human-delivered interventions in previous meta-analyses. It
documented an RR of 1.54, 95% CI (1.19, 2.00) for final
abstinence, which did not significantly differ from that for ADIs
found by this study. It is also consistent with the finding of this
study that the average RR for final abstinence did not
significantly differ from between multiplatform-based (RR 1.48,
95% CI 1.16, 1.89) and text-based (RR 1.61, 95% CI 1.10, 2.35)
interventions, but the RR of loss to follow-up of
multiplatform-based interventions (RR 0.80, 95% CI 0.59, 1.09)
was significantly lower than that of text-based interventions
(RR 1.22, 95% CI 1.01, 1.48) at 3 months (P=.02), although
those during the whole follow-up period (RR 0.87, 95% CI 0.56,
1.36 versus RR 1.18, 95% CI 0.95, 1.47) did not differ
significantly (P=.06) (Supporting Information 7 in Multimedia
Appendix 1). Whether multiplatform-based interventions, such
as serious game–based [51] and virtual reality–based [49], may
offer advantages in compliance and acceptability associated
with the interest of participants needs to be further tested
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directly, comparing studies with much larger samples. Mixed
results were reported when digital interventions were applied
as an adjuvant therapy to traditional interventions. An RCT
found that abstinence for intervention group (traditional
therapies plus digital interventions) was 2.15 times higher than
control group (traditional interventions only) in 12-month
follow-up (odds ratio=3.13, 95% CI 1.53, 6.71) [68]; however,
2 other trials documented null results [69,70].

Nonetheless, integrating available evidence with the findings
of this study, we believe that ADIs could be an effective
treatment for smokers. With our estimated effect size, ADIs
could increase the abstinence rate by approximately 50% on
average. Globally, if available for 20% of the 1.3 billion adult
tobacco users who have tried to quit [71] (although most of
them failed due to lack of available help), it would help many
smokers achieve cessation.

To our knowledge, this study is also the first to assess the
empirical evidence of a potential relationship between the
effectiveness of digital interventions on smoking cessation and
psychological theory. Even though there is a limited number of
included studies (ie, 16), which could result in insensitive and
underpowered metaregression [72], we found that TCS item I7,
“All theory-relevant constructs or predictors are explicitly linked
to at least one intervention technique,” was significantly and
independently associated with a higher rate of final abstinence.
This item pertains to theory-related constructs or predictors,
which refer to the theory that digital intervention is not
exclusively based on the concept of addictive behaviors but also
based on other concepts, such as craving, anxiety, and
dependence, which may be more closely linked to the cognitive
and affective mechanisms of addiction [3]. Similarly, in a
previous meta-analysis on the effectiveness of digital
interventions in reducing hazardous alcohol use, the TCS-based
metaregression model also found that an item pertaining to
theory-related constructs or predictors was significantly
associated with better effectiveness [73]. Those findings
highlight the importance of theory-related constructs or
predictors, especially when developing or optimizing digital
interventions for substance use disorders. Based on our findings
and previous evidence, studying not only the outcome but also
theory-related constructs or predictors offers significant promise
for our attempts to unlock what is essentially a black box of
mechanisms to understand the theoretical bases and apply that
knowledge to improve overall and individualized effectiveness
[74-77]. Accordingly, future studies focusing on optimally
integrating psychotherapeutic theories and techniques would
further increase the efficiency of digital interventions on
smoking cessation at both the individualized and overall levels.

Limitations
We also conducted subgroup analysis to explain the moderate
heterogeneity of the studies. However, the results suggested
that the analyzed variates were not significantly connected to
overall effectiveness. A high rate of loss to follow-up in some
studies might contribute to the heterogeneity of this analysis
[49]; although we conducted intention-to-treat analysis of the
included studies, intention-to-treat analysis could underestimate
the results, and complete case analysis could potentially benefit.
However, insufficient data limit further analysis. Furthermore,
the sensitivity analysis also suggested that any single study
could not significantly alter the results. Future studies should
enlarge the sample size, which could achieve more satisfactory
heterogeneity and provide more accurate results for effect size
analysis. Other limitations of this study are also noteworthy.
First, the quality of evidence could be a concern because not
all the original studies included in this meta-analysis used blind
interventions for participants due to feasibility; the risk of bias
regarding randomization and intervention delivery might be
lowered by the automated procedures of interventions. Second,
the self-report abstinence of some studies could bring
performance bias to this study, although it would affect both
the experimental group and the control group and would unlikely
change the effect size measured by RR. Third, most of the
included studies were conducted in Western countries, and this
could limit the generalization of the results to non-Western
countries. Studies conducted in Eastern countries are limited,
and we believe that Eastern countries could learn from the
experience of previous studies to address the problem of tobacco
smoking, as the limited number of studies conducted in Eastern
countries are also majorly reported helpful results. In addition,
socioeconomic status and age could be potential confounding
factors for effectiveness as certain studies were conducted on
special populations (such as college students). However,
insufficient data made it unable to perform subgroup analysis.
For intervention theories, the number of included studies limited
the power for detecting some associations, including when
assessing differences in how theory is applied.

Conclusions
Those limitations notwithstanding, this study indicated that
ADIs on the transtheoretical model of behavior change and
cognitive behavioral therapy had a clear effect compared to
self-help guidelines or to no intervention, and effectiveness is
associated with some theory-related constructs or predictors.
Accordingly, ADIs should be promoted by policy makers and
clinical practitioners to fill the huge gap between the need for
smoking cessation and treatment resources and should be studied
further to increase efficiency by optimally integrating
psychotherapeutic theories and techniques.
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