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Abstract

Background: Rapid advancements in eHealth and mobile health (mHealth) technol ogies have driven researchers to design and
evaluate numerous technol ogy-based interventions to promote smoking cessation. The evolving nature of cessation interventions
emphasizes a strong need for knowledge synthesis.

Objective: This systematic review and meta-analysis aimed to summarize recent evidence from randomized controlled trials
regarding the effectiveness of eHealth-based smoking cessation interventions in promoting abstinence and assess nonabstinence
outcome indicators, such as cigarette consumption and user satisfaction, via narrative synthesis.

Methods: We searched for studies published in English between 2017 and June 30, 2022, in 4 databases: PubMed (including
MEDLINE), PsycINFO, Embase, and Cochrane Library. Two independent reviewers performed study screening, data extraction,
and quality assessment based on the GRADE (Grading of Recommendations, Assessment, Development, and Evaluations)
framework. We pooled comparable studies based on the population, follow-up time, intervention, and control characteristics.
Two researchers performed an independent meta-analysis on smoking abstinence using the Sidik-Jonkman random-effects model
and log risk ratio (RR) as the effect measurement. For studies not included in the meta-analysis, the outcomes were narratively
synthesized.

Results: A total of 464 studieswereidentified through an initial database search after removing duplicates. Following screening
and full-text assessments, we deemed 39 studies (n=37,341 participants) eligible for this review. Of these, 28 studies were
shortlisted for meta-analysis. According to the meta-analysis, SM 'S or app text messaging can significantly increase both short-term
(3 months) abstinence (log RR=0.50, 95% CI 0.25-0.75; 1>=0.72%) and long-term (6 months) abstinence (log RR=0.77, 95% Cl
0.49-1.04; 1>=8.65%), relative to minimal cessation support. The frequency of texting did not significantly influence treatment
outcomes. mHealth apps may significantly increase abstinence in the short term (log RR=0.76, 95% CI 0.09-1.42; 1=88.02%)
but not in the long term (log RR=0.15, 95% CI —0.18 to 0.48; 12=80.06%), in contrast to |ess intensive cessation support. In
addition, personalized or interactive interventions showed a moderate increase in cessation for both the short term (log RR=0.62,
95% CI 0.30-0.94; 1°=66.50%) and long term (log RR=0.28, 95% CI 0.04-0.53; 1°=73.42%). In contrast, studies without any
personalized or interactive features had no significant impact. Finally, the treatment effect was similar between trials that used
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biochemically verified or self-reported abstinence. Among studies reporting outcomes besides abstinence (n=20), a total of 11
studies reported significantly improved nonabstinence outcomes in cigarette consumption (3/14, 21%) or user satisfaction (8/19,
42%).

Conclusions: Our review of 39 randomized controlled trials found that recent eHealth interventions might promote smoking
cessation, with mHealth being the dominant approach. Despite their success, the effectiveness of such interventions may diminish
with time. The design of more personalized interventions could potentially benefit future studies.

Trial Registration: PROSPERO CRD42022347104; https.//www.crd.york.ac.uk/prospero/display_record.php?RecordlD=347104

(J Med Internet Res 2023;25:e45111) doi: 10.2196/45111

KEYWORDS

smoking cessation; systematic review; meta-analysis, electronic health; mobile heath; eHealth; smoking; development;
technology-assisted; effectiveness; screening; data extraction; user; design; mobile phone

Introduction

Background

Smoking is a major risk factor for cancer and cardiovascular,
respiratory, and many other chronic diseasesworldwide[1]. In
addition to the significant health burden it imposes, smoking
also incurs massive economic costs. The United States alone
lost astaggering US $864.5 billionin 2020 dueto thisissue[2],
whereas limited-income countries, such as China, with higher
smoking prevalence, face similar challenges [3]. Smoking
cessationiscrucia for minimizing mortality risk and improving
quality of life [4]. Hence, finding effective ways to promote
smoking cessation among smokers continuesto be avita public
health goal. However, traditional smoking cessation services
such as counseling can be expensive [5,6] and poorly received
because of factors such as patients' lack of time or reluctance
to seek cessation services in clinica settings [7]. These
challenges necessitate the devel opment of cost-effective models
for reducing tobacco consumption.

eHealth technol ogies, such as websites, mobile apps, and SMS
text messages, have emerged as low-cost accessible
interventions. Many of these technologies offer interactive
experiences to users [8], which can enhance patient adherence
to cessation services [9]. As such, they are idea tools for
revolutionizing heath care [10] and promoting smoking
cessation for diverse user groups, including ordinary daily
smokers and pregnant women who wish to quit for their
children’s well-being.

Numerous studies have investigated the effectiveness of eHealth
cessation interventions over the past decade, but their findings
have been inconsistent [11]. For example, a systematic review
of 108 studiesin 2018 found evidence suggesting that web-based
and mobile health (mHealth) interventions could moderately
increase abstinence rates, whereas computer-assisted
interventions did not show the same effect [12]. Another 2019
systematic review of 26 studies indicated that automated text
messaging interventions were more effective than minimal
smoking cessation support, whereas the effectiveness of mobile
apps on abstinence remains unclear [13]. However, these
systematic reviews have some notable limitations. Recent
reviews only evaluated abstinence as the outcome variable and
did not include other outcomes such as cigarette consumption
[14]. In addition, the reviews did not differentiate between
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self-reported versus biochemically verified abstinence. Another
drawback is that previous reviews primarily synthesized
evidence from high-income countries, which may not be
generalizableto low- and middle-income countries[15]. Finally,
the most recent review, which covered the entire eHealth
intervention landscape, only included studies published until
2017 [12]. Since then, the use of eHealth has skyrocketed and
many new studies have been published.

Objectives

With the rapid development of eHealth technologies [16],
smoking cessation interventions are constantly evolving and
are dynamic in nature, encompassing both delivery channels
and intervention materials. Therefore, this systematic review
aimed to (1) summarize recent evidence (from 2017 to
mid-2022) on the effectiveness of eHealth-based smoking
cessation interventions, grouped by treatment characteristics,
study population, and outcome verification, and (2) assess
important nonabstinence outcome indicators such as cigarette
consumption and user satisfaction via narrative synthesis.

Methods

This study was designed and reported in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [17]. A detailed protocol
containing the objectives and methods of this systematic review
isregistered in PROSPERO (2022; CRD42022347104).

Search Strategy

A systematic search was performed across 4 electronic
databases—PubMed (including MEDLINE), PsycINFO,
Embase, and Cochrane Library—to gather studies published
between 2017 and mid-2022. The search strategy was first
created for PubMed using a combination of keywords and
Medica Subject Heading terms. To make the search more
precise, keywords were mapped to Medical Subject Heading
terms where possible. We later applied the search strategy to
other databases, namely PsycINFO, Embase, and the Cochrane
Library, using their own thesaurus terms and advanced search
features. The search terms were classified into four categories:
(1) smoking cessation—the theme of the intervention; (2)
device—the device used to carry out the intervention; (3)
intervention channel—the specific approach used to engagethe
participants; and (4) randomized controlled trials (RCTs)—the

JMed Internet Res 2023 | vol. 25 | e45111 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/45111
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

study design. Each database was searched accordingly. The
search strategy for PubMed is shown in Table 1. Multimedia
Appendix 1[18] documents search termsfor all databases. The
search resultswerelimited to studies published in English from

Table 1. Search strategy: PubMed key terms.

Fang et d

January 1, 2017, to June 30, 2022, given that previous review
papers on eHealth smoking cessation interventions primarily
collected studies published before 2017 [12].

Topics Key terms

Smoking cessation “Smoking Cessation” (MeSH? terms)

Device
held’[MeSH terms])

Intervention channel

(“Cell Phone’[MeSH terms] OR “smartphone’[MeSH terms] OR “computers’[MeSH terms] OR “Computers, Hand-

(“Online Systems’[MeSH terms] OR “Technology”[MeSH terms] OR “Social Media’ [MeSH terms] OR “Mobile Applica-

tions’[MeSH terms] OR “Text Messaging” [MeSH terms] OR “telemedicine’[MeSH terms] OR “Internet-Based I nterven-
tion"[MeSH terms] OR “multimedia’[MeSH terms] OR “Electronic Mail”’[MeSH terms])

RCTRC

([Randomized controlled trial (Pt)] OR [controlled clinical trial (Pt)] OR [randomized(tiab) OR randomized(tiab)] OR

[placebo(tiab)] OR [drug therapy(sh)] OR [randomly(tiab)] OR [trial(tiab)] OR [groups(tiab)]) NOT (animalgfmh] NOT

humans[mh])

3MeSH: Medical Subject Heading.
PRCT: randomized controlled trial.
®Key terms for RCTs were retrieved from McGill Library [18].

Eligibility Criteria
Population

The study population included adults (aged >18 years) who
were current smokers during enrollment in the study. We were
interested in investigating the effectiveness of cessation
interventions only on cigarette smoking.

| ntervention

Studies  reporting eHedth-based smoking cessation
interventions, defined as interventions delivered through
mobile-based,  web-based,  computer-based, portable
device-based, and socia media—based channels, wereincluded.
The intervention content may consist of educational readings,
videos, and counseling based on various therapies; text
messaging; socia media; and even biochemical testing (eg,
carbon monoxide checkers). I nterventions were then classified
into the following 3 groups under the broader category of
eHealthinterventions: web-based, mHesalth (SM S text messages
and apps), or computer-assisted interventions. Web-based
interventions refer to cessation services available on websites,
whereas mHealth interventions are defined as any cessation
materials delivered through mobile phones. Finaly,
computer-assisted interventions refer to cessation services that
are accessible via computers. eHealth intervention can either
be delivered in a stand-alone setting or as an adjunct to other
therapies. Interventions were considered personalized or
interactive if the intervention content was tailored to each
participant, based on his or her response or ability to offer
interactive experience through live feedback.

Control or Comparator

Studies that included placebo or control interventions,
non-eHealth interventions, or no interventions as controlswere
included. Placebo or control interventions may consist of
delivering lessrelated content through el ectronic channels, such
asareduced version of an mHealth cessation app. Non-eHealth
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interventions may include smoking cessation content provided
in nonelectronic media, such as self-help cessation materials.
This systematic review included only studies with at least 1
control group.

Outcomes

Studies reporting biochemically verified or self-reported
abstinence were measured at >3 months of follow-up. Other
outcomes, such as reduction in cigarette consumption and
adherence to the intervention, as measured by the satisfaction
rate, were a so recorded when available but were not mandatory.

Study Design
Only RCTs were included in this review, including both

full-scale RCTs and pilot RCTs. Conference abstracts were
excluded from the study.

Exclusion Criteria

Studies were excluded if they (1) included people using
smokeless tobacco products or e-cigarettes, (2) only used
eHealth technology during the recruitment of participants and
not as part of the intervention, and (3) had a follow-up period
shorter than 3 months.

Study Selection

Two independent reviewers (YEF and ZZ) screened titles and
abstracts for potential inclusion. A relatively good interrater
reliability was achieved (proportionate agreement=81%, Cohen
k=0.61). The same pair of reviewers also independently
performed afull-text review after screening for final inclusion.
Any conflicts between the 2 reviewers were discussed in the
presence of athird author (selected from the author list, either
RW or BY), who contributed to the final consensus. The study
selection process was performed using the Covidence workflow
platform.
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Data Extraction

Two reviewers (YEF and ZZ) independently performed data
extraction using the same data extraction template with multiple
categories for detailed information input on the Covidence
platform [19]. Extracted dataincluded the following: (1) study
information (country of study, trial registration, funding sources,
and declarations of interest); (2) study participants (inclusion
or exclusion criteria, population characteristics, and sample
size); (3) intervention and control details; (4) theoretical
framework; (5) outcome measurements; and (6) key study results
(abstinence rate, reduction in cigarette consumption, and
satisfaction rate at >3 month follow-up). Any conflicts between
the 2 authors were discussed between the reviewers or in the
presence of athird author (either RW or BY) for final consensus.

Risk of Bias (Quality) Assessment

Quality assessment was based on the GRADE (Grading of
Recommendations, Assessment, Devel opment, and Eval uations)
framework for quality assessment [17]. Two reviewers (Y EF
and ZZ) first conducted the risk of bias assessment
independently under the guidance of the Cochrane Handbook
for Systematic Reviews of Interventions [20] and the Cochrane
Tobacco Addiction Group. Two reviewers assessed the risk of
biasfor each included study viafive prespecified domainsusing
version 2 of the Cochranerisk-of-biastool for randomized trials
(RoB 2) [21]: (1) bias arising from the randomization process,
(2) bias due to deviations from intended interventions, (3) bias
due to missing outcome data, (4) bias in measurement of the
outcome, and (5) bias in selection of the reported result. After
data extraction, each reviewer judged each domain as having
low, high, or some concern. Disagreements were resolved
between the 2 authors in the presence of a third author. The
certainty of the evidence was rated as very low, low, moderate,
or high based on the risks of bias, imprecision, inconsistency,
indirectness, and publication bias.

Synthesis of Results

The primary outcome of this systematic review wasto evaluate
the impact of eHealth-based smoking cessation interventions
on the abstinence rate measured at >3-month follow-up via
self-report or biochemical verification. Short- and long-term
abstinence was defined as the abstinence result measured at the
3- and 6-month follow-ups, respectively. The measurements
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were 7-day point preval ence abstinence (PPA), 30-day PPA, or
prolonged PPA. These measurementswere used interchangeably
in this review because there is evidence suggesting that such
data handling does not significantly affect the results[22]. Only
intention-to-treat analysis data were selected. All initially
randomized participants were included, and any missing data
caused by withdrawal were considered smokers based on the
Cochrane Tobacco Group guidelines [23]. Nonabstinence
outcomes were not subjected to meta-analysis because of the
limited number of studies reporting the statistics and variation
in outcome measurement standards. Subsequently, the reductions
in cigarette consumption and satisfaction rateswere narratively
synthesized.

For the primary outcome of abstinence rate, dichotomous data
on quit or smoking participants numbersin either the treatment
or control groups at follow-ups were entered into Stata 17
software [24] to calculate the log risk ratio (RR). Theincluded
studies were stratified into different subgroups based on their
study participants, eHealth interventions or controls, and
outcome verification for comparableresultsinthe meta-analysis.
Where 2 or more studies were deemed comparable, we
performed a meta-analysisto calculate the combined effects of
the interventions on the abstinence rate. For studies that were
not included in the meta-analysis, we summarized the abstinence
outcomes for each study. Considering the potential treatment
effect heterogeneity, differences in trial size, and the limited
number of included studies, this study used the Sidik-Jonkman
random-effects model method to pool log RRs and 95% Cls
calculated for the abstinence outcome [25]. Heterogeneity was

assessed using 1 statistic, given itsrobustness with small sample
sizes. Publication bias was assessed using funnel plots.

Results

Study Selection

After removing duplicates, we identified atotal of 464 studies
in the initial database search. After screening and full-text
assessments, 39 studies were deemed €eligible for this review,
of which 28 wereincluded in the meta-analysis. Figure 1 shows
the PRISMA flowchart, which illustrates the process of study
selection and rationales for exclusion during full-text
assessments.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of searching and screening process.
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Study Char acteristics

Overview

All included studies were RCTs (31/39, 80%) or pilot RCTs
(8/39, 21%) published between 2017 and 2022. The key
characteristics of the included studies are summarized in Table

https://www.jmir.org/2023/1/e45111
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2. Most studies were conducted in high-income economies
(28139, 72%; ie, the United States, the United Kingdom, France,
Switzerland, Spain, Argentina, Hong Kong, and Japan).
However, arelatively substantial number of studieswerefound
in low- and middle-income countries or regions (11/39, 28%)
defined by the World Bank [26] (ie, China, Thailand, India,
Brazil, Turkey, and Vietnam).
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Table 2. Summary of characteristics of included studies (n=39).

Characteristics Meta-analysis(n=28),n (%) Non—meta-analysis (n=11), n (%) Total studies
(n=39), n (%)

I ntervention

Web-based 1(4) 0(0) 1(3)

mHealth? 25(89) 5(49) 30(77)

Multiplatform 2(7) 6 (55) 8(21)
Country

High-income countries or regions 19 (68) 9(82) 28 (72)

L ow- and middle-income countries or regions 9(32 2(18) 11 (28)
Délivery

Personalized or interactive 19 (68) 10(91) 29 (74)

Not personalized or interactive 9(32 1(9 10 (26)
Participants

Adult smokers only with intention to quit 18 (64) 8(73) 26 (67)

Adult smokers with or without intention to quit 0(0) 1(9) 1(3)

Pregnant smokers 5(18) 0(0) 5(13)

Smokers with mental disorders 3(1D 0(0) 3(77)

Other susceptible individuals 2(7) 2(18) 4(10)
eHealthrole

eHealth as primary intervention 23(82) 11 (100) 34 (87)

eHealth as adjunct intervention 5(18) 0(0) 5(13)

Theoretical framework

Cogpnitive behavioral therapy 1(4) 2(18) 3(8)
Mindfulness (acceptance and commitment therapy) 4(14) 2(18) 6 (15)
Social cognitive theory 3(1D 1(9) 4(10)
Multitheories 4(14) 0(0) 4(10)
Other 6 (21) 2(18) 8(21)
Not stated 10 (36) 4(36) 14 (36)
Abstinence verification
Self-reported 10 (36) 7 (64) 17 (44)
Biochemically verified 18 (64) 4(36) 22 (56)
Reported outcome other than abstinence (percentage may not add up to 100%)
Cigarette consumption 10 (36) 4(36) 14 (36)
User satisfaction 15 (54) 4(36) 19 (38)

L ongest reported length of follow-up

3 months 10 (36) 2(18) 12 (31)
6 months (including late pregnancy) 14 (50) 5 (45) 19 (49)
12 months 4(14) 4(36) 8(21)

8mHealth: mobile health.

- nonclinical adult smokers who intended to quit smoking. The
Participants term intention-to-quit refers to smokers who were willing to
A total of 37,341 participants from 39 studieswereincluded in  quit smoking upon recruitment. Other study participants
this review. The sample size per study varied from 49 t0 8000  included adult smokers who did not necessarily intend to quit
participants. Most participants (26/39, 67% of studies) were  smoking and were recruited in occupational settings (1/39, 3%),
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pregnant smokers (5/39, 13%), and smokers with mental
disorders (3/39, 8%). It is worth noting that studies involving
pregnant smokers (5/39, 13%) included participants aged =16
years. The average age of pregnant women ranged from 26.6
to 28 years, suggesting that most recruited participants were
adults. Therefore, we included these studies in our analysis to
provide a comprehensive overview of eHealth-based cessation
interventions. Other susceptible popul ationsidentified included
smokers from lower socioeconomic backgrounds, patients
currently with tubercul osis, and hospitalized patientsin clinical
settings (4/39, 10%; Table 2).

I nterventions

Notably, most studies reported the use of mHealth interventions
(30/39, 77%) comprising SMS text messages or mobile apps.
For clarity, we henceforth refer SMS text messages and apps
that only provide messaging services as SMS or app text
messaging. In addition to mHealth, 1 study used web-based
intervention (1/39, 3%), and 8 studies adopted mixed approaches
(8/39, 21%), where mHeal th and web-based channel swere both
used in the intervention packages. Most eHealth interventions
(34/39, 87%) were delivered as primary interventions. Over
two-thirds (29/39, 74%) of the interventions involved some
degree of personalization through tailored intervention materials
based on user feedback or by providing interactive experiences.
More than one-third (14/39, 36%) of the studies did not specify
atheoretical framework. Thetheoretical frameworks mentioned
were primarily acceptance and commitment therapy, socia
cognitive theory, cognitive and behaviora therapy, or mixed
theories.
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Outcomes

More than half (22/39, 56%) of the studies adopted biochemical
verification through carbon monoxidetesting or cotininetesting
for PPA measurements. The remaining studies used self-reported
abstinence data. The duration of follow-up ranged from 3
months (12/39, 31%) to 6 months or before delivery (19/39,
49%) to 12 months (8/39, 21%). Apart from the primary
outcome of smoking abstinence, 13 (13/39, 33%) studies
reported changesin cigarette consumption, whereas 19 (19/39,
38%) studies reported user satisfaction after intervention.

Risk of Biasin Included Studies

All included studies underwent arisk of bias assessment based
on the guidelines suggested by the Cochrane Handbook for
Systematic Reviews of Interventions[20]. Biasin measurement
of the outcome was rated as low risk because the Cochrane
Tobacco Addiction Group stated that blinding participants made
cessation interventions impossible [13]. In summary, we
evaluated 26 (26/39, 67%) studies to be at low risk of bias
(considered low risk of bias for all domains), 8 (8/39, 21%)
studies with some concerns (considered with some concerns
for at least 1 domain, but with no judgments of high risk), and
5 (5/39, 13%) studies at high risk (considered high risk of bias
in at least 1 domain). The risk of bias per domain is shown in
Figure 2. Incomplete outcome data was the primary cause of
highrisk of bias (4/39, 10%). It isworth noting that 33% (13/39)
studiesreported a high attrition rate (>20%), but 9 were deemed
to have alow risk of bias or some concerns because there was
no evidence for differential missing data.
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Figure 2. Risk of bias graph based on review authors’ judgments across al included studies (n=39) [27-65]. Risk of bias domains: D1: bias arising
from the randomization process, D2: bias due to deviations from intended intervention; D3: bias due to missing outcome data; D4: biasin the measurement

of the outcome; D5: biasin selection of the reported result. Judgement: O: high, ©: some concerns, [0: low.

Study

Risk of bias domains
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Meta-Analysis of Smoking Abstinence Results
(Primary Outcome)

Overview
A total of 28 studieswereincluded in the meta-analysis because
of similarities in the target population, intervention, control,
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and outcomes. To ensure comparability among the studies in
the meta-analysis, they were divided into short-term (3-month
follow-up) and long-term (6-month follow-up) studiesinvolving
general adult smokers (19/28, 69%). The results are presented
in tabular format to facilitate the presentation of more
information, and all forest plots are available in Multimedia
Appendix 2[38-65]. Within each follow-up category, the studies
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were grouped based on the type of intervention and control
(Table 3): (1) high-frequency SM S or app text messaging versus
low-frequency SM S or app text messaging; (2) SMSor app text
messaging versus minimal cessation support (including self-help
materials and standard practice); (3) mHealth app versus less
intensive smoking cessation support (including existing
cessation services or a mobile app with fewer functions); and
(4) mHealth app + psycho or pharmacological therapy versus
psycho or pharmacological therapy aone. In addition, we

https://www.jmir.org/2023/1/e45111
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conducted exploratory analyses by pooling the same groups of
studies based on personalization or interactive level
(personalized or interactive vs nonpersonalized or interactive)
or outcome verification types (biochemically verified vs
self-reported; Table 4). For studiestargeting specia populations
(10/28, 36%), we pooled the abstinence results of studies
targeting the same popul ation only by participant characteristics.
Finally, detailed information on each study included in the
meta-analysisis provided in Multimedia Appendix 3 [38-65].
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Table 3. Summary of eHealth intervention effects on abstinence by intervention type and follow-up, based on GRADE (Grading of Recommendations,
Assessment, Development, and Evaluations) guidelines.

Outcome and follow-up

Summary of the effect

Number of participants Quality of theevidence Summary for intervention

and studies

(GRADE)?

Smokerswith intention to quit (by follow-up)

High-frequency SM S or app text messaging ver sus low-frequency SMS or app text messaging

3 months

Log RR°=-0.01, 95% CI -0.25t0 0.28; 8958 participants; 2 DDOOde | oy May make little or no in-
2 s . c studies ' crease on cessation
1“=38.77%; Little or no increase
6 months Log RR=0.00, 95% CI -0.07 to 0.08; 8958 participants, 2 PPROOde Low May make little or no in-
12=0.46%; Little or no increase studies ' Crease on cessation
SMSor app text messaging ver sus minimal smoking cessation support
3 months Log RR=0.50, 95% CI 0.25t0 0.75; 1367 participants; 5 OPPO. Moder Probably increase cessa-
12=0.72%; Moderate increase studies ate : tion moderately
6 months Log RR=0.77, 95% Cl 0.49 to 1.04; 1153 participants; 3 DDDO poder Probably increase cessar
1%=8.65%; |mportant increase studies ae ’ tion significantly
mHealth? app ver sus less intensive smoking cessation support
3 months Log RR=0.76, 95% CI 0.09 to 1.42; 1167 participants; 4 DBOOUL. | oy May increase cessation
1°=88.02%; Important increase studies ' significantly
6 months Log RR=0.15, 95% CI —-0.18 to 0.48; 9360 participants; 6 PPOOe.r. Low May make little or no in-

I2=80.06%; Little or no increase

studies

mHealth app + psycho or pharmacological ther apy versus psycho or phar macological therapy

crease on cessation

6 months Log RR=0.25, 95% CI -0.18 to 0.67; 340 participants; 2 PPROO e Low May make little or no in-
12=16.91%; Little or no increase studies ' Crease on cessation
Smokers of special population (any follow-up)

Adult smokerswith  Log RR=-0.25, 95% Cl -1.92 to 1.42; 813 participants; 3 DHOOer. | May make little or no in-
mental disorders 12=72.32%: Little or no increase studies =W crease on cessation
Hospitalized adult  Log RR=1.00, 95% Cl 0.22t0 1.78; 466 participants; 2 PROOSde Low May increase cessation
smokers 12=3.45%; Important increase studies ’ significantly
Pregnant smokers Log RR=0.34, 95% CI -0.01 to 0.68; 2319 participants, 5 DOOSeN. Vi May make little or no in-
(including adoles- 12=25 84%: Little or no increase studies » very crease on cessation
cents) ’ low

38GRADE Working Group grades of evidence. CODD High quality: The authors have a lot of confidence that the true effect is similar to the

estimated effect. SPISP IS IS Moderate quality: The authors believe that the true effect is probably close to the estimated effect. SIS IS Low
certainty: The true effect might be markedly different from the estimated effect. Very low certainty: The true effect is probably markedly different from
the estimated effect [66].

PRR: risk ratio.

®Theitalicization serves as an abstract descri ption of the effect size based on the 95% CI: 95% CI crosses O=little or no increase, 95% Cl does not cross
0 nor 1=moderate increase, and 95% CI does not cross 0 but cross 1=important increase.

dDowngraded 1 level for significant risk of bias: one study was rated as high risk of bias (2 unclear risk of bias count as one high risk of bias).

€Downgraded 1 level for imprecision: Cls encompass both clinically significant harm and clinically significant benefit, or fewer than 500 participants
overdl.

fDuwngracled 1 level of inconsistency: considerable unexplained statistical heterogeneity (I 2>50%).
9mHealth: mobile health.
hDowngraded 2 levelsfor serious risk of bias: 2 or more studies rated as high risk of bias (2 unclear risk of bias count as one high risk of bias).
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Table4. Summary of exploratory analyses on eHealth intervention effects on abstinence by personalization or interactive level or outcome verification,
based on GRADE (Grading of Recommendations, Assessment, Development, and Evaluations) guidelines.

Outcome verification and follow-up Summary of theeffect Number of partici- Quality of theevidence Summary for intervention
pants and studies  (GRADE)?
Smokerswith intention to quit (by follow-up)—per sonalization or interactive level
3 months (short-term)
Personalized or interactive Log RR°=0.62 950 2701 participants, de. May increase cessation
cl %.30 t0 0.94: 8 studies I?iveee » Very moderately (true effect is
12=66.50%: Moderate probably markedly different)
increase®
Not personalized or interactive LogRR=0.17,95%Cl 8791 participants, ef.g. May makelittle or noin-
-0.21t0 0.54; 3 studies I?iveee » Very crease on cessation (true ef-
12=67.39%; Little or fect is probably markedly
no increase different)
6 months (long-term)
Personalized or interactive LogRR=0.28,95%Cl 10,695 partici- ef. May increase cessation
0.04t00.53; pants; 9 studies OO0 »Low moderately

Not personalized or interactive

12=73.429%; Moderate
increase

Log RR=0.23,95%Cl

9116 participants,

@eeee'f'g; Very

May makelittle or no in-

-0.26t00.72; 4 studies low crease on cessation (true ef-
12=82.520%; Little or fect is probably markedly
no increase different)

Smokerswith intention to quit (by follow-up)—verification

3 months (short-term)

Biochemically verified results

Log RR=0.45, 95% Cl

1375 participants,

Increase cessation moderate-

0.15t0 0.74; 4 studies ly
12=21.39%; Moderate
increase

Self-reported results Log RR=0.56,95%Cl 10,117 partici- deg. May cessation moderately
0.15t0 0.96; pants; 7 studies I?iveee » Very (true effect is probably
1=87.88%; Moderate markedly different)
increase

6 months (long-term)

Biochemically verified results Log RR=0.26,95%Cl 2195 participants; f.0. May makelittle or noin-
-0.02to 0.54; 7 studies DODO" s, Low Crease on cessation
12=34.829%; Little or
no increase

Self-reported results Log RR=0.31,95%Cl 17,616 partici- ef.g. May makelittle or noin-
-0.05t0 0.68; pants; 6 studies I?iveee » Very crea_se on cessation (true ef-
12=95.06%; Little or fect is probably markedly
no increase different)

3GRADE Working Group grades of evidence. SO0 High quality: The authors have a lot of confidence that the true effect is similar to the

estimated effect. SPISP IS IS Moderate quality: The authors believe that the true effect is probably close to the estimated effect. SIS IS Low
certainty: The true effect might be markedly different from the estimated effect. Very low certainty: The true effect is probably markedly different from
the estimated effect [66].

bRR: risk ratio.

“The italicization serves as an abstract description of the effect size based on the 95% Cl: 95% Cl crosses O=little or no increase, 95% Cl does not cross
0 nor 1=moderate increase, and 95% CI does not cross 0 but cross 1=important increase.

dDowngraded 2 levelsfor serious risk of bias: 2 or more studies rated as high risk of bias (2 unclear risk of bias count as one high risk of bias).
®Downgraded 1 level of inconsistency: considerable unexplained statistical heterogeneity (I2>50%).

chnNngraded 1 level for significant risk of bias: one study was rated as high risk of bias (2 unclear risk of bias count as one high risk of bias).

9Downgraded 1 level for imprecision: Cls encompass both clinically significant harm and clinically significant benefit, or fewer than 500 participants
overal.
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High-Frequency SMS or App Text Messaging and
Low-Frequency SMS or App

Only 2 studies have compared high-frequency SMS or app text
messaging with low-frequency SMS or app text messaging.
When pooled, no statistically significant difference between the
intervention and control outcomes was found in the short-term
(log RR=-0.01, 95% CI —0.25t0 0.28; 1°=38.77%) or long-term
(log RR=0.00, 95% CI —0.07 to 0.08; 1>=0.46%).

SMS or App Text Messaging Versus Minimal Smoking

Cessation Support

In total, 5 studies compared the abstinence results of SMS or
app text messaging with minimal smoking cessation support in
the short term, and 3 reported long-term results (with an overlap
between the studies). After pooling, a significant increase was
found with moderate certainty in short-term abstinence in the
intervention group (log RR=0.50, 95% CI 0.25-0.75; 1°=0.72%).
The effect was even more significant in the long-term follow-up
(log RR=0.77, 95% CI 0.49-1.04; 1>=8.65%).

mHealth App Versus Less | ntensive Smoking Cessation
Support

Among the studies included in the meta-analysis, 8 compared
the mHealth app with lessintensive smoking cessation support,
with 4 reporting short-term results and 6 reporting long-term
results (with overlap between the studies). The pooled abstinence
outcome suggests that mHealth apps may have a significant
short-term effect on abstinence for intervention (log RR=0.76,
95% CI 0.09 to 1.42; 1°=88.02%), whereas no significant effect
was found in the long term (log RR=0.15, 95% CI -0.18 to

0.48; 1°=80.06%).

mHealth App + Psycho or Pharmacological Therapy
Versus Psycho or Pharmacological Therapy Alone
Only long-term effects on abstinence were collected for studies
that compared the mHealth app plus psycho or pharmacological
therapy with psycho or pharmacological therapy alone (2/28,
7%). The difference in the abstinence outcome was not

significant (log RR=0.25, 95% Cl -0.18 to 0.67; 1°=16.91%).
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Personalized or | nteractive Versus Not Personalized or

I nteractive

The same studies pooled in the subgroup analysis by intervention
type in the short- and long-term were also pooled in the
exploratory analyses by personalization or interaction level
(Table 4). Compared with the studies with no personalization
or interactive features that yielded nonsignificant results
(short-term log RR=0.17, 95% CI -0.21 to 0.54; 1°=67.39%;
long-term log RR=0.23, 95% CI -0.26 to 0.72; 1%= 82.52%),
thosethat offered acertain level of personalization or interactive
content reached moderate increases in abstinence both in the
short term (log RR=0.62, 95% Cl 0.30-0.94; 1>= 66.50%) and

long-term (log RR=0.28, 95% Cl 0.04-0.53; 12=73.42%).

Biochemically Verified Outcomes Versus Self-Reported
Outcomes

In the second exploratory analysis, we compared theintervention
effect between studies that adopted biochemically verified and
self-reported results. Studiesthat used biochemical verification
for abstinence found a moderate increase in cessation in the
short term (log RR=0.45, 95% Cl 0.15-0.74; 12=21.39%), which
is similar to the studies that used self-reported results (log
RR=0.56, 95% Cl 0.15 to 0.96; 1>=87.88%). For long-term
effects, neither of the 2 groups of studies achieved significant
results (biochemical verification, log RR=0.26, 95% CI -.02 to
0.54; 17=34.82%; self-reported, log RR=0.31, 95% Cl -0.05 to
0.68; | 2:95.06%). Meanwhile, the estimatesin the 2 exploratory
analyses should beinterpreted with caution given the substantial
statistical heterogeneity.

eHealth | nterventions Targeting Specific Populations

A total of 10 studies reported interventions that targeted
comparable populations with special characteristics. Because
of the limited number of studies, no further categorization was
made based on follow-up, intervention, or control. Hospitalized
adult smokers benefited more from eHealth interventions (log
RR=1.00, 95% Cl 0.22-1.78; 1°=3.45%) than pregnant smokers
(log RR=0.34, 95% CI —0.01 to 0.68; 12=25.84%). Findings on
smokers with mental disorders were contradictory and
nonsignificant (log RR=-0.25, 95% Cl -1.92 to 1.42

12=72.32%; Figure 3).
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Figure 3. Forest plot of eHealth intervention effects by characteristics of study population (any follow-ups) [40,41,44,47,49,51,57,60-62].

Treatment Control Log risk-ratio Weight
Study Quit Smoke Quit Smoke with 95% ClI (%)
Adult smokers with mental disorders
Brunette 2020 1 83 6 2 —a— -1.87  (-3.961t00.23) 4.54
Minami 2021 4 21 1 23 ——®—— 135 (-0.77103.46) 4.47
Palleja-Millan 2020 72 212 101 217 . 023 (048t0003) 1533
Heterogeneity: T = 1.54, I’ = 72.32%, H’ = 3.61 i 025 (-1.9210142)
Test of 8, = 8; Q(2) = 4.47, P= 11
Hospitalized adult smokers
doAmaral 2022 20 180 8 192 —— 092 (012to171) 1168
Cruvinel 2019 9 35 1 21 ——®—— 150 (-050t0352) 4.84
Heterogeneity: T° = 0.02, I’ = 3.45%, H” = 1.04 - 100 (02210 1.78)
Testof 8= 6; Q(1)=0.29, P= 59
Pregnant smokers (including adolescents)
Coleman 2022 38 463 29 472 -.- 027 (-020t0074) 1415
Maughton 2017 " 192 4 200 —— 1.02  (-0111to 2.14) 9.22
Abroms 2017b 8 47 4 40 —i— 047 (-0.66to 1.60) 918
Abroms 2017a 39 21 27 220 l 036 (-010t0081) 1421
Pollak 2020 14 140 14 146 I 0.04 (-067t0o075) 1238
Heterogeneity: T = 0.04, I’ = 25.84%, H = 1.35 * 034 (-00110068)
Testof 8;=6; Q4)=221, P=70
Overall L 035 (-0181to0088)

Heterogeneity: ° = 0.46, I = 80.43%, H = 5.11
Test of 8 = 6; Q(9) = 21.46, P= 01

Test of group differences: Qu(2) = 3.00, P= 22

Random-effects Sidik-Jonkman model

Publication Bias

Funnel plots were generated for each pooled result and are
presented in Multimedia Appendix 2. Because of the limited
number of studies in each group, assessing publication biasis
challenging. Therefore, we decided to focus on the subgroup
with the largest humber of studies (n=13), which included

https://www.jmir.org/2023/1/e45111

RenderX

long-term abstinence. Figure 4 displaysthefunne plot assessing
publication bias among the studies that measured long-term
abstinence in adult smokers. Visua inspection of the plot
revedled a relatively symmetrical distribution of the included
studies, indicating that our study was unlikely to be affected by
publication bias.
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Figure 4. Funnel plot of long-term abstinence results [42,43,46,48,50,53-56,58,59,63,65].
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Narrative Synthesis

For studies not included in the meta-analysis (n=11), we have
summarized the treatment effect on abstinence outcomes in
Table 5 because of their distinct featuresin the study population
or interventions. Overall, 2 studies that used multiplatform
eHealth intervention or mHealth apps accompanied by SMS
text messaging reported a significant increase in abstinence at
3- and 6-month follow-ups [27,28]. A significant increase in
abstinence at 6 monthswasreported in 2 studies using mHealth
counseling and SMS messaging accompanied by
pharmacotherapy, respectively, as interventions [29,30]. In
addition, one study reported a text referral program to refer
smokers to cessation services, which may improve cessation
outcomes [31]. Finally, acceptance and commitment therapy
were suggested to be more effective than US clinical practice

https://www.jmir.org/2023/1/e45111

RenderX

guidelines in the context of the mHealth app group [32]. The
remaining 5 studiesreported no significant differences between
intervention and control on cessation outcomes [33-37].

For nonabstinence outcomes, a total of 20 studies reported a
reduction in cigarette consumption and user satisfaction
(Multimedia Appendix 4 [28,32-34,37-50,52,53,58,60,62,64]).
Among the 14 studies that reported cigarette consumption
outcomes, only 3 suggested that the intervention can reduce
cigarette consumption significantly compared with controls
[38-40]. Finally, 19 studies assessed user satisfaction after the
intervention, and 18 reported good user satisfaction, whereas
the remaining 1 study specifically investigated user adherence
to the program [38]. Among the studies that reported high user
satisfaction, 8 compared user satisfaction between the
intervention and control groups and found significantly higher
satisfaction in the intervention arm [28,32,34,41-45].
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Table5. Summary of eHealth intervention effects for studies not included in the meta-analysis (n=11).

Fang et d

Study Intervention  Persondlized  Study population  Intervention Intervention Control  Control RR?(95% Cl) ~ Summary of
vs control or interactive  (verification) quit, n smoking,n  quit,n  smoking, n outcome
Masa- Integrated Yes Adult smokers 3 months: 3 months: 3 3months:  3months: 1.14  Significant
kietal eHealth+ withintentionto  215; 6 70; 6 months.  97; 6 (1.03-1.27); 6 increaseon
[27] pharmacother- quit (biochemically months: 182; months: 103; 190; 6  months: months: 1.26 cessation
apy vs control validated) 12months: 12 months:.  months:  142; 12 (1.09-1.46); 12  outcome at
eHeadlth + 149 136 145; 12 months: months: 1.26 all follow-
pharmacother- months. 168 (1.06-1.50) ups
apy 119
Femer | Health? Yes Adult patientswith 6 months: 54 6 months: 26 6 6 months: 6 months: 1.63  Significant
deset  counsdi ng vs TBC (self-reported) months. 48 (1.21-2.19) increa_se on
a 29 minimal 34 cessation
smoking cessa: outcome at 6
tion support months
Weng Tailored SMS Yes Adult smokersnot 3 months: 3 months: 3 3months:. 3 months: 0.81  No signifi-
etd text messag- necessarily have  50; 6 254; 6 months.  299; 6 (0.59-1.12); 6  cantincrease
[33] ing vs non- intention to quit months: 57; months: 247, 76; 6 months: months: 0.87 on cessation
smoking or (self-reported) 12months: 12 months:  months: 294; 12 (0.64-1.18); 12  outcome at
untailored 65 239 81;12 months: months: 0.89 al follow-
SMStext mes- months. 285 (0.67-1.18) ups
saging 90
Gra SMSorapp  Yes Adult smokers 3 months: 3 months: 3 3months. 3 months: 0.95 No signifi-
hamet text messag- with theintention 58; 9 253; 9 months: 247; 9 (0.69-1.32); 9  cantincrease
a [34] ing+ web- to quit (self-report- months: 72 months: 239  60; 9 months: months: 1.00 on cessation
based vs web- ed) months. 236 (0.75-1.33) outcome at
based 71 al follow-
ups
Gram SMStextmes- Yes Adult smokers 3 months: 3 months: 3 3months. 3 months: 1.00  No signifi-
etal saging vs mail with theintention 319; 6 1869; 6 months: 1834; 6 (0.87-1.16); 6  cantincrease
[35] to quit (self-report- months: 252 months: 313;6  months: months: 1.05 on cessation
ed) 1936 months. 1911 (0.89-1.24) outcomeat 3
236 and 6
months
Dana mHedthapp Yes Adult smokers 3 months: 3 months: 3 3months:.  3months: 1.81  Significant
heret + SMStext with theintention 131; 6 502; 6 months: 565; 6 (1.39-2.36); 6  increaseon
a [28] messaging vs to quit (self-report- months: 156 months: 477 73; 6 months: months: 1.28 cessation
computer-as- ed) months. 515 (1.04-1.58) outcomeat 3
sstedinterven- 123 and 6
tion months
Weng On-siterefer-  Yes Adult smokers On-gterefer- On-sterefer- 3 3months.  On-sitereferral;  No signifi-
etal ral vstext- with theintention ral; 3 ra; 3 months: 365; 6 3 months: 1.45 cantincrease
[31] based referral to quit; (biochemi- months: 27; months: 368; 18; 6 months: (0.81-2.60); 6  on cessation
vs minimal caly validated) 6 months: 6 months: months. 368 months: 1.9392 outcomeat 3
smoking cessa 30; text- 365; text- 15 (1.06-3.55); months; sig-
tion support based refer-  based refer- text-based refer-  nificant in-
ral; 3 ral; 3 ral; 3months.  creaseon
months: 23; months; 362; 1.27 (0.70- cessation
6 months: 30 6 months: 2.32); 6 outcomeat 6
355 months; 1.99 months
(1.09-3.64)
Kruse SMSor app No Adult smokers SMS+ SMS + 3 3months: SMS+ NRT; 3 No signifi-
etal  text messag- withtheintention  NRTd: 3 NRT; 3 months. 38 months: 200  cantincrease
[36] ing + pharma- to quit; (biochemi-  onths: 2: months: 37; 1 (0.19-21.16); on cessation
cotherapy vs caly validated) SMS; 3 SMS; 3 SMS; 3months:  outcomeat 3
SMSor app months: 3: months: 36; 3.00 (0.33- months
text messag- NRT: NRT; 3 27.6); NRT; 3
ing vs pharma- months: 3 months: 33 months: 3.25
cotherapy vs (0.35-29.85)
minimal
smoking cessa
tion support
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Study Intervention  Persondlized  Study population  Intervention Intervention Control  Control RR?(95% Cl) ~ Summary of
vs control or interactive  (verification) quit, n smoking,n  quit,n  smoking, n outcome
Vidine SMSorapp  Yes Socioeconomically SMSorapp SMSorapp 6 6 months: SMSorapptext Significant
eta text messag- disadvantaged text messag- text messag- months: 210 messaging + increase on
[30] ing + pharma- adult smokerswith ing + phar-  ing + phar- 13 pharmacothera- SMS or app
cotherapy vs the intention to macotheras  macothera- py; 6 months:  text messag-
phone call + quit; (biochemica- py; 6 py; 6 2.55 (1.36- ing + phar-
pharmacother- ly validated) months: 28;  months: 160; 4.79); phone macothera-
apy vspharma phonecal + Phonecall + cal + pharma-  py; outcome
cotherapy pharma- pharma- cotherapy; 6 at 6 months;
cotherapy; 6 cotherapy; 6 months: 1.53;  no signifi-
months: 19  months: 194 (0.78-3.02) cantincrease
on phone
cal + phar-
macothera-
py; outcome
at 6 months
White Tailored SMS Yes Adult smokers 3months: 8 3months: 93 3 3months. 3 months: 261  No signifi-
etal text messag- with the intention months; 96 (0.71-9.57) cantincrease
[37] ing vs non- to quit; (self-report- 3 on cessation
smoking or ed) outcomeat 3
untailored months
SMStext mes-
saging
Brick- mHeathapp Yes Adult smokers 3 months: 3 months: 3 3months:  3months: 1.68  Significant
ereta vsmHeath with theintention  285; 6 929; 6 months.  1033; 6 (1.41-2.00); 6  increasein
[32] app based on toquit; (self-report-  months: 359; months: 855; 168;6  months: months: 1.37 cessation
adifferent the- ed) 12months: 12 months:.  months: 942; 12 (1.19-1.57); 12  outcome at
ory 356 858 259;12 months: months: 3-, 6-and
months. 899 RR=1.17 (1.02- 12-month
302 1.33) follow-ups
8RR: risk ratio.

®mHealth: mobile health,
°TB: tuberculosis.
dNRT: nicotine replacement therapy.

Discussion

Principal Findings

This systematic review included 39 RCTs of eHealth smoking
cessation interventions, published between 2017 and 2022
[27-65]. Most of the interventions were classified as mHealth
interventionsinvolving mobile SMS or app text messaging and
mobile apps. This result suggests that cessation intervention
delivery channels have shifted away from internet-based
interventions [67] or telephone counseling [15], which were
prevalent more than 5 years ago. After pooling the 28 included
studies, we found mixed results across studies using different
subcategories of eHealth interventions and personalization or
interactive status. In addition, the intervention effect on
abstinence varied among the study populations. Findly, the
meta-analysis indicated that studies using biochemical
verification yielded results similar compared with studies only
used self-reported abstinence. Among the studies not included
in the meta-analysis, approximately half (6/11, 55%) reported
adtatistically significant positive effect on increasing abstinence.
In addition to abstinence, a small number of studies (14/39,
36%) evaluated the effects of eHealth interventions on reduced
cigarette consumption. Although almost all studies assessed
user satisfaction and revealed a high degree of satisfaction

https://www.jmir.org/2023/1/e45111

postintervention, less than haf of them found significant
differences between the intervention and control groups.

This study examined 3 types of mHealth interventions. SMS or
app text messaging, stand-alone mHealth apps, and mHealth
apps used alongside psycho or pharmacol ogical therapy. These
interventions have produced different treatment effects on
abstinence. Our findings support a previous review [13] that
suggeststhat SM'S or app text messaging is more effective than
minimal cessation support in promoting abstinence. However,
our study also revealed that increasing the frequency of texting
may not have a positive impact on abstinence and may even
discourage adherence to the intervention [46]. In addition, a
previous review found no evidence that smartphone apps can
improve the likelihood of smoking cessation and called for
further research in this domain [13]. In contrast, in our study,
wefound that more recent RCT stesting smartphone appsfound
an increased chance of abstinence among adult smokersin the
short term. Compared with the existing knowledge, we believe
this change may be due to the improvements in the overal
quality of cessation appsthat allow more personalized designs,
which subsequently increases acceptability among smokers
[68]. Finaly, our study found that the use of mHealth appsin
conjunction with psycho or pharmacological therapy produces
abstinence results similar to those of therapy aone. However,
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the certainty of the evidence is low, indicating the need for
further research in this area.

Our review found a high attrition rate and poor long-term
treatment effects among identified mHealth smoking cessation
studies, which aligns with previous reviews [12,13]. Previous
interventions summarized by Belita and Sidani [69] in their
systematic review have also shown high attrition rates ranging
from 30% to 50% preinclusion and 10% to 50% postinclusion,
with a pooled rate of 10.8% to 77%. Such a high attrition rate
can easily render many potential therapiesineffective. Although
mHealth technologies can adequately address some logistical
factors, such as travel, they are neither important nor
significantly associated with attrition rates. Therefore, priority
should be given to identifying and comprehending the factors
that significantly influence the attrition rate. For example, user
satisfaction isan important measure of potential adherencefrom
the perspective of eHealth developers[70]. However, we found
that most of the included studies reported high satisfaction rates
but still had relatively poor user adherence, as evidenced by the
high attrition bias rate (13/39, 33%). Thisfinding suggests that
the assessment of user satisfaction alone may not be areliable
factor for predicting adherence, at least in terms of smoking
cessation interventions. Researchers and mHealth app devel opers
should consider narrowing the intervention scope based on
demographic factors at the design stage and improving
personalization based on clinical, behavioral, and health belief
factors at the development stage [69]. In fact, the eHealth
cessation interventions that managed to achieve the most
significant increase in abstinence in our meta-analysis targeted
hospitalized smokers (log RR=1.00, 95% Cl 0.22-1.78;

12=3.45%) [40,47]. The success may be due to the good program
adherence evidenced by the low attrition rate, thanks to the
institutional environment that encourages prohealth behaviors,
as well as the intervention material dedicated to this specific
popul ation.

To explore the association between personalization status and
treatment effect, we pooled studies targeting general smokers
according to their personalization or interactive level and found
improved abstinence results. Previous research has also
suggested that such content can improve medication adherence
[71] and eHealth application retention [72], thereby enhancing
its effectiveness. It is not surprising that interventions that
included some level of personalized or interactive content
achieved a significant increase in abstinence rates both in the
short and long term. By contrast, studies that lacked any
personalized or interactive features showed null effects after
pooling. However, caution should be exercised when interpreting
these findings because of high within-group heterogeneity.

Finaly, we found that studies using either biochemical
verification or self-reporting for measuring abstinence showed
similar treatment effects. Previous research has produced mixed
results on whether self-reported abstinenceisareliableindicator
of biochemically verified abstinence. Although some studies
have suggested that self-reported quitting is mostly accurate
[73], others have found a high proportion of self-reported
quittersfailing biochemical verificationin clinical settings[74].
However, our review brings a new perspective to the debate,
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suggesting that studies using biochemical verification do not
necessarily outperform those using self-reports. We found that
the effect sizes of studies using both methods were consi stently
similar in both the short and long term (Table 4). Although
biochemical verification is encouraged by the Society for
Research on Nicotine and Tobacco for its scientific rigor, it can
be expensive [75]. Our findings support the feasibility of
eHealth-based cessation programs, which are scalable to
large-scal e interventions where biochemical verification is not
possible. Nonetheless, given the possibility of false reporting,
trials evaluating potential population-level interventions may
need to be considered using biochemical verification of smoking
populations that are most susceptible to false reports. For
instance, a study has recommended using biochemical
assessment, preferably with cotinine plasma, in intervention
studies and with student populations [76]. Second, there are a
variety of biochemical verification methodsthat target different
biomarkers. This diversity has prompted an update of the 2002
Society for Research on Nicotine and Tobacco reports on
whether and how to apply biomarker verification to tobacco use
and abstinence [75]. Given this complexity, researchers in
relevant fiel ds should focus on standardizing currently accepted
biochemical verification methods and their cut-off points to
improve interstudy compatibility, rather than seeking the most
accurate method.

Strengths and Limitations

This study provides a comprehensive and updated evaluation
of the potential role of eHedlth interventions in facilitating
smoking cessation. Its robustness liesin theinclusion of recent
well-funded studiesthat demonstrate the advancement of digital
technology and its accessibility in both high- and lower-income
nations (Multimedia Appendix 5 [27-65]). The present review
included multiple outcome assessment criteria and treated
populationsto provide amore holistic evaluation. However, we
acknowledge that this study has some limitations. First, our
focus was limited to studies published in English in the last 5
years, which means that we may have overlooked relevant
research conducted in other languages or low- to middle-income
countries. Second, due to the significant heterogeneity of
methodol ogical design and outcome verification among studies,
not al were suitable for inclusion in the meta-analysis. This
limitation led to fewer studies being synthesized, which
undermined the certainty of the evidence. In addition, the small
sample sizesin some studies resulted in relatively large Clsfor
effect size estimation, making it difficult to determine a
significant effect. Third, despite our attempt to synthesize the
intervention effect on specia populations and nonabstinence
outcomes, such as cigarette consumption, the heterogeneity in
outcome measurement among the collected evidence prevented
us from drawing any conclusion.

Future Recommendations

Future studies could standardize the intervention evaluation
strategy by following the World Health Organization Practical
Guide to Monitoring and Evaluating Digital Health
Interventions [77] for better comparability between trials. In
addition, mobile app development should adopt a
human-centered design approach and prioritize improving
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participant adherence and engagement [ 78,79] to reduce attrition
and achieve better long-term cessation outcomes (=6 months).
Furthermore, research is necessary to understand the
effectiveness of eHealth interventions on susceptible populations
and intermediate outcomes such as reduction in cigarette
consumption.

Conclusions

The use of eHealth technologies for smoking cessation has
gained momentum in recent years. Our review highlighted the
timeliness of eHealth interventions, particularly mHealth, in
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promoting abstinence, athough their effectiveness may wane
over time. Future studies could benefit from adopting alearning
by doing approach and incorporating the concept of
human-centered design to develop personalized intervention
designs that address individua smoker needs and reduce
attrition, ultimately leading to better long-term abstinence
outcomes. In addition, owing to the dynamic nature of eHealth
interventions, monitoring and evaluation can be challenging.
Standardized evaluation strategies should be implemented to
improve interstudy comparability.
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