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Abstract

Background: Cervical cancer is a significant cause of mortality in women. Although screening has reduced cervical cancer
mortality, screening rates remain suboptimal. Electronic health interventions emerge as promising strategies to effectively tackle
thisissue.

Objective: This systematic review and meta-analysis aimed to determine the effectiveness of electronic health interventionsin
cervical cancer screening.

Methods: On December 29, 2023, we performed an extensive search for randomized controlled trials evaluating electronic
health interventions to promote cervical cancer screening in adults. The search covered multiple databases, including MEDLINE,
the Cochrane Central Registry of Controlled Trials, Embase, PsycINFO, PubMed, Scopus, Web of Science, and the Cumulative
Index to Nursing and Allied Health Literature. These studies examined the effectiveness of electronic health interventions on
cervical cancer screening. Studies published between 2013 and 2022 were included. Two independent reviewers evaluated the
titles, abstracts, and full-text publications, also assessing therisk of bias using the Cochrane Risk of Bias 2 tool. Subgroup analysis
was conducted based on subjects, intervention type, and economic level. The Mantel-Haenszel method was used within a
random-effects model to pool the relative risk of participation in cervical cancer screening.

Results: A screening of 713 recordsidentified 14 articles (15 studies) with 23,102 participants, which wereincluded in the final
analysis. The intervention strategies used in these studies included short messaging services (4/14), multimode interventions
(4/14), phone cals (2/14), web videos (3/14), and internet-based booking (1/14). The results indicated that electronic health
interventions were more effective than control interventions for improving cervical cancer screening rates (relative risk [RR]

1.464, 95% Cl 1.285-1.667; P<.001; 1°=84%), cervical cancer screening (intention-to-treat) (RR 1.382, 95% Cl 1.214-1.574;

P<.001; 12=82%), and cervical cancer screening (per-protocol; RR 1.565, 95% Cl 1.381-1.772; P<.001; 1°=74%). Subgroup
analysis revealed that phone calls (RR 1.82, 95% CI 1.40-2.38), multimode (RR 1.62, 95% CI 1.26-2.08), SMS (RR 1.41, 95%
Cl 1.14-1.73), and video- and internet-based booking (RR 1.25, 95% CI 1.03-1.51) interventions were superior to usual care. In
addition, electronic health interventions did not show a statistically significant improvement in cervical cancer screening rates
among women with HPV (RR 1.17, 95% CI 0.95-1.45). Electronic health interventions had agreater impact onimproving cervical
cancer screening rates among women in low- and middle-income areas (RR 1.51, 95% CI 1.27-1.79). There were no indications
of small study effects or publication bias.

Conclusions:  Electronic health interventions are recommended in cervical cancer screening programs due to their potential to
increase participation rates. However, significant heterogeneity remained in this meta-analysis. Researchers should conduct
large-scal e studies focusing on the cost-effectiveness of these interventions.

Trial Registration: CRD42024502884; https.//www.crd.york.ac.uk/PROSPERO/display_record.php?Recordl D=502884
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Introduction

Cervical cancer is a prevalent gynecologic malignancy within
the femal e reproductive system. Based on the most recent data
from the World Health Organization’s (WHO) International
Agency for Research on Cancer in 2020, an estimated 6 million
women worldwide are projected to be diagnosed with cervical
cancer, accounting for 3.1% of all new cancer cases globally.
In addition, about 3 million women are projected to die from
the disease, representing 7.7% of all female deaths from cancer
worldwide[1]. Cervical cancer develops gradually, often taking
years or even decades to progress into a precancerous lesion,
with clinical signstypically not apparent during the early stages
of onset. Symptoms such as vagina bleeding and discharge
generaly manifest in the intermediate to late stages, by which
point the cancer may have invaded surrounding tissues and
organs, surpassing the optimal window for treatment [2]. The
WHO has initiated a worldwide effort to eliminate cervical
cancer by promoting vaccination, screening, and treatment,
given that the disease is preventable with current knowledge
and technologies [3]. Therefore, cervical cancer screening is
essential for the early detection of human papillomavirus (HPV)
infection and cervical cytopathy, facilitating early intervention
that can significantly reduce both the incidence and mortality
rates of cervical cancer.

Over 1.5 hillion women globally have never participated in
cervical cancer screening [4]. Cancer screening begins by
identifying and assessing eligible individuals, and it has been
central to health carereform legidation and quality improvement
initiatives. To optimize the benefits of screening, both
popul ation-based approaches and timely follow-up of abnormal
test results are essential [5]. The primary methods for cervical
cancer screening include Papanicolaou smears, HPV DNA
testing, cytological examinations, and colposcopy. The WHO
advocates HPV DNA testing as the preferred initial screening
approach, regardless of whether atriage strategy is used. Women
who test positive in the HPV DNA test are recommended to
undergo further evaluation through genotyping, colposcopy,
visual inspection with acetic acid, or cytological examination
[6]. While many high-income countries have implemented
screening programs, disparities persist among specific
population subgroups[7]. Consequently, numerous studies have
implemented interventions to enhance screening coverage
among women.

Previously, 4 meta-analyses investigated interventions to boost
the implementation and uptake of cervical cancer screening,
with 2 reviews confirming the effectiveness of health education
in improving screening rates. A review by Musa et a [8]
demonstrated that cervical cancer education and screening
reminders significantly increase screening rates, especially
among women with lower educational levels. Brevik et a [9]
showed that culturally tailored health education can improve
cervical cancer screening rates among minority women.

https://www.jmir.org/2024/1/e58066

Research by Costa et a [10] confirmed that sending HPV
self-testing kits directly towomenismore effective at increasing
cervical cancer screening rates than simply inviting women to
screenings. Alam et al [7] conducted a systematic review of
interventions aimed at improving cervical cancer screening
among immigrant and refugee women, discovering that health
education, screening guidance, and written information
interventions effectively enhance screening rates. However, the
scope and convenience of these measures are limited, and new
strategies are needed to address this issue. The expanding use
of electronic health technologiesin medical informatics, public
health, business, and emerging domains such as health care has
broadened the applications of health services and information,
which are provided or enhanced through the internet and
associated technologies [11,12].

Electronic health allows for the delivery of health information
in an accessible manner. During the COVID-19 pandemic, the
use of electronic health platforms, such as websites and video
conferencing, proliferated [13]. Numerous in-person
appointments have been replaced by telehealth, which provides
ascalable and adaptable means of offering support, monitoring
patient-reported health outcomes, and facilitating continuity of
care between hospital visits [14]. Significantly, patients find
electronic health initiatives useful and acceptable, and through
co-design, these initiatives can support patient-centered care
[15]. Many high-income countries use electronic health
interventions and media campaigns as educational strategiesto
promote cervical cancer screening among abroader population
of women [16,17]. Thisapproach might help achievetheWHO's
suggested elimination targets, which call for 90% of women
with precancer and cancer to be treated or managed, 70% of
women to betested by the age of 30, and 90% of girlsto receive
the full HPV vaccination [3].

Examples of electronic health intervention technol ogiesinclude
web-based tactics, email, mobile or smartphone apps, text
messaging, digital games, wearable or monitoring devices, and
telemedicine or telehealth [18]. A systematic review by Romli
et al [19] on the effectiveness of electronic health interventions
for enhancing cervical cancer knowledge found that a mixed
approach, including el ectronic health movies, video education,
and didactic sessions, increased cervical cancer screening rates.
This indicates that electronic health interventions for health
education hold significant potential to improve cervical cancer
screening rates. However, empirical research assessing the
efficacy of electronic health interventionsis needed to provide
supporting evidence. A systematic evaluation of mobile
technology for cervical cancer screening in low- and
middle-income countries, published by Zhang et a [20],
revealed that telephone reminders or SMSs significantly
increased cervical cancer screening rates compared with
traditional communication methods, such as postal mail. The
study systematically examined the effects of mobile health
intervention strategies on cervical cancer screening rates,
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specifically in relation to smartphones. No specific studies have
reported the effectiveness of more comprehensive electronic
health interventions in improving cervical cancer screening
rates. Previous studies have been limited to specific groups or
a single approach to electronic health intervention. However,
the WHO advocates for a cervical cancer elimination program
targeting the entire population [3]. This study encompasses
global demographicsand incorporates comprehensive el ectronic
health interventions, including, but not limited to, text messages,
video screens, apps, voiceinteractions, websites, and podcasts.
Electronic health interventions congtitute long-term
interventions, which may lead to loss to follow-up, thereby
impacting the assessment of their effectiveness. Previous
meta-analyses did not further explore intention-to-treat (ITT)
and per-protocol (PP) outcomes; therefore, this study extends
the evaluation to include ITT and PP anayses of the
effectiveness of el ectronic health interventionsin cervical cancer
screening.

We conducted asystematic review and meta-analysisto compare
the effectiveness of comprehensive electronic health
interventions with nonelectronic health interventions in terms
of cervical cancer screening rates. In addition, we compared
whether theimpact of electronic health interventionson cervical
cancer screening rates varied based on subjects, intervention
type, and economic level. Comprehensive electronic health
interventions are defined as all patient-oriented electronic health
interventions, including, but not limited to, text messages, video
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screens, apps, voice interactions, websites, and podcasts. The
results provide research evidence on the impact of electronic
health interventions on cervical cancer screening rates, which
may inform the design of strategies to improve global cervical
cancer screening.

Methods

Study Design and Registration

This systematic review was registered with the PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42024502884) and was conducted and reported in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines (checklist
provided in Multimedia Appendix 1). In the course of the studly,
to clearly determine the effectiveness of electronic health
interventions directly applied to patients and to ensure the
accuracy and referability of the combined effect sizes after the
meta-analysis, heath care workers were excluded from the
inclusion criteria, and only patient-related electronic health
interventions were included.

Inclusion and Exclusion Criteria

We included peer-reviewed articles published in English that
met the eligibility criteria based on the PICOS (Population,
Intervention, Comparison, Outcome, and Study Design) strategy
(Textbox 1).

Textbox 1. Study inclusion and exclusion criteria defined by the Population, Intervention, Comparison, Outcome, and Study Design.

Inclusion criteria

«  Population: women aged 18 years or older receiving cervical cancer screening.

Exclusion criteria

Intervention: examples of patient-directed electronic health treatments include email, video conferences, videos, activity trackers, websites,
podcasts, chat rooms, mobile applications, and text messages or SMS.

Comparison: any comparator was acceptable, including a nonintervention group or an alternative group using nonsocia mediaand nonelectronic
health interventions.

Outcome: primary outcomeindicator such as, predominantly reported cervical cancer screening ratesin theincluded randomized controlled trials;
secondary outcome indicators, including results of the intention-to-treat analysis and the per-protocol analysis of cervical cancer screening rates.
The receipt of cervical cancer screening was defined as the completion of at least 1 cervical cancer screening test, including the Papanicolaou
test, human papillomavirus DNA test, cytological examinations or col poscopy, from the start of the study to the end of follow-up. Both self-reported
screening status (ie, patient reports) and provider-verified screening status (ie, medical records) were acceptable methods for assessing cervica
cancer coverage.

Study design: randomized controlled trials.

Population: studies focusing on the impact of electronic health interventions on health care workers and community workers to improve cervical
cancer screening rates.

Intervention: studies discussing how electronic health can be used to improve the accuracy of cervical cancer detection.
Comparison: control group interventions that included electronic health components.
Outcome: studies focused solely on knowledge, attitudes, or intentions regarding cervical cancer.

Study design: editorials, letters, reviews, commentary pieces, and other nonresearch articles.

Only English-language publications were considered. When
full-text papers were not available, the study authors were
contacted to obtain the articles. If the eligibility requirements
were met and dataon cervical cancer screening were available,
the abstract was included in the event that the authors did not

https://www.jmir.org/2024/1/e58066

reply. In addition, we excluded studies that focused on using
electronic health to improve cancer screening rates across
multiple types when cervical cancer screening data could not
be isolated.
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I nformation Sources and Sear ches

A total of 8 electronic databases (from inception to present)
were searched on December 29, 2023: MEDLINE, Cochrane
Central Registry of Controlled Trials, Embase, PsycINFO,
PubMed, Scopus, Web of Science, and the Cumulative Index
to Nursing and Allied Hedlth Literature. Authors LXX and NLZ
conducted the search by combining termsindicative of cervical
cancer screening (eg, cervical cancer, screen*, human
papillomavirus DNA tests, and Papanicolaou test) with terms
indicative of electronic heath (eg, mobile phone, SMS, and
videos). In addition, we checked the reference lists of the
retrieved articles and previous meta-analyses and reviews for
additional studies. The search queries used in this review are
detailed in the Multimedia Appendix 2. Studies published
between 2013 and 2022 were included.

Study Selection

We exported the search results into a citation management
system. After duplicates were eliminated, LXX (all articles),
NLZ, and FWQ (each evaluated half) independently reviewed
thetitlesand abstracts against theinclusion criteria. For full-text
review, abstracts containing ambiguous information were
included. LXX (18 articles), NLZ (17 articles), JCY (16 articles),
FWQ (17 articles), and GLN (21 articles) reviewed full-text
articles. LXX reviewed each article to ensure it was
appropriately included or excluded.

Data Collection Process

To extract the data, a prespecified electronic data extraction
table was created using the Cochrane Collaboration’s Risk of
Bias (RoB) tool and the PRISMA guidélines. The extracted data
included the study details (author, year, country of origin, study
design, application model, and sample size); participant details
(medical history and demographics); duration of theintervention
and follow-up; details of the intervention and control groups;
primary outcomes; and Cochrane rule of reference measures.
Authors LXX (8 articles) and NLZ (6 articles) extracted data
fromfull text publications. LX X verified the accuracy of al the
data

Risk of Bias

The RoB in the included studies was evaluated using the
Cochrane Collaboration’s RoB tool [21]. The domains assessed
were selection bias (sequence generation and alocation
concealment), reporting bias (selective outcome reporting),
attrition bias (incomplete outcome data), and performance or
detection bias (blinding of participants, staff, and outcome

https://www.jmir.org/2024/1/e58066
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assessors). For the criteria of low, unclear, and high RoB, the
Cochrane Handbook for Systematic Reviews of Interventions
was consulted for both within-trial and across-trial assessments.
Independent reviews of RoB were conducted by authors LXX
(8 publications) and NLZ (6 papers). LXX reviewed each RoB
evaluation to ensure accuracy. Publication bias was assessed
by visually inspecting a funnel plot for the main outcome and
conducting the Egger test [22]. To estimate the pooled effect
while accounting for missing studies, the Duval and Tweedie
trim-and-fill analysis was used [23].

Statistical M ethods

A descriptive presentation of the study, participant, and
intervention features, as well as the RoB assessments, is
provided. The relevant outcomes are presented in terms of
absolute and relative values, and a random-effects model was
used to aggregate relative risk (RR) by applying the
Mantel-Haenszel technique. The study used data from the
longest follow-up period if outcomeswere evaluated at different
time points. In cases where studies included multiple
intervention arms, the meta-analysis included only the most
complex intervention, defined as having the most components.

The 12 statistic was used to compute statistical heterogeneity,
with acutoff value of =275% considered significant. The Cochran
Qtest (P<.1) was used to conduct aformal test of homogeneity,
which is considered statistically significant [24]. Subgroup
analysiswas performed according to subjects (women with and
without cervical cancer screening experience, women with a
long absence from screening, and women with HPV),
intervention type (phonecall, SM'S, multimode, web video, and
internet-based booking), and economic level (high-income and
middle- and low-income). Thisstudy used 2 types of sensitivity
analyses: the leave-one-out method and the removal of highly
biased studies. For statistical significance, a2-tailed P<.05was
used. Meta-analyses were conducted using Stata (version 16.0,
StataCorp LLC).

Results

Study Inclusion

After removing duplicates, the screening identified 14 articles
(comprising 15 studies), [25-38], of which 11
[25-27,29-32,34-37] contained ITT results, and 12
[25-33,35,36,38] contained PP results (Figure 1), representing
23,102 unique patients (Table S1 in Multimedia Appendix 3).
A total of 7 studies [27,28,31-33,35,36] had high RoB.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study selection process.
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Theincluded studieswere conducted in America, Europe, Asia,
and Africa, and they were published between 2013 and 2022.
Single-intervention studies made up the mgjority of the studies
(10/14, 71%) [25-27,29,30,32-35,38] while multimode
intervention studies accounted for 29% (4/14) [28,31,36,37].
Theinterventionswere conducted by university-based research
teams, governmental or commercial screening initiatives, or
health carefacilities or departments. Theintervention strategies
used in these studies included SMSin 4 studies[27,30,32,35],
multimode interventionsin 4 studies [28,31,36,37], phone call
interventions in 2 studies [25,26], web videos in 3 studies
[29,33,38], and internet-based booking in 1 study [34].
Outcomes were measured at several time points, including 2,
3, 4,5, 6, 7, 12, and 14 months. The interventions in most
studies (8/14) were based on theoretical models, including the
Transtheoretical Model [26-30,32,36,38], theory of planned
behavior [27], Health Belief Model [28-30], MINDSPACE
(Messenger, Incentives, Norms, Defaults, Salience, Priming,
Affect, Commitments, and Ego) framework [32], and social
cognitive theory [29,36,38] (Table S1 in Multimedia Appendix
3).

There was a wide variation among the study participants. For
example, in some studies, participants were targeted based on
geographical region or by their profession as teachers [26,33],
emergency patients[27], or young women [32,34]. Some of the
participants were women from the general population (regardiess
of their participation in cervical cancer screening), some were
women who had not participated in screening for along time
or had never participated in screening [26,27,37,38], and some
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were women with HPV [28,35]. Supplementary information
regarding the interventions in the experimental and control
groupsis shown in Table S1 in Multimedia Appendix 3.

Quality Assessment

The RoB evaluations for the research included in the analysis
are presented in Figures 2 [25-38] and 3. In summary, 50%
(7/14) [27,28,31-33,35,36] of the randomized controlled trials
(RCTs) included in the study were categorized as high risk, and
the remaining RCTs (7/14) [26,27,29,30,33,34,37] were
considered as having some concerns. Only 2 studies (2/14, 14%)
[25,38] were classified aslow risk. Studies were categorized as
high risk dueto issuesin multiple areas, such as participant and
staff blinding, outcome assessment blinding, and assignment
effect blinding. Upon visual examination of the funnel plot
(Figure 4), no indications of publication bias were observed.
The effect sizes exhibited arelatively symmetrical distribution.
Most effect sizes fell within the funnel plot, and those outside
it were symmetrically distributed. Egger's regression intercept
test yielded asignificant result (Intercept=2.5, 95% Cl 0.32-4.45;
P=.03), indicating that the observed results might beinfluenced
by publication bias. The trim and fill approach developed by
Duval and Tweedie was used to evaluate the presence of
publication bias. After 2 iterations of theanalysis, no additional
trials were deemed necessary, and the combined effect size
remained consistent. After accounting for potential publication
bias, the effect of the intervention remained statistically
significant (P<.001). Although the observed results might have
been influenced by publication bias, there was no indication of
a smal-study effect (Egger test: t=2.5; P=.03; 95% CI
0.32-4.45).
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Figure 2. Risk of bias summary for the included randomized controlled trials (N=14) [25-38].
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Figure 4. Funnel plot comparing electronic health interventions to nonelectronic health interventions in randomized controlled trials reporting on

cervical cancer screening. RR: relative risk.
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Cervical Cancer Screening

The cervical cancer screening rate was the primary outcomein
12 out of 14 articles (86%) [26-32,34-38]. In total, 10 studies
[25,26,28-32,36-38] found that the intervention significantly
increased cervical cancer screening rates. The intervention had
an absol ute impact of 34% (3125/9191) in theintervention arms.
Between the intervention and comparison arms, there was an
absoluterisk difference of 11.9% (95% Cl, 7.4-16.4), with 27%
(2714/9940) screened in the comparison arm. Among the
included RCTSs, the overall pooled RR for participation in cancer
screening was 1.464 (95% CI 1.285-1.667; Figure 5 [25-38]),
meaning that receiving an electronic health intervention raised
the odds of screening by 46%. Nonetheless, significant

heterogeneity (1°=84%) was noted.
Similar effect estimates were obtained after stratification

according to the intervention method. The order of magnitude
of the effects of the various intervention modalities was as

follows: phone call (RR 1.82, 95% CI 1.40-2.38; I2:0%),
multimode (RR 1.62, 95% CI 1.26-2.08; I2:85%), SMS (RR
141, 95% CI 1.14-1.73; I2:71%), and web videos and

internet-based booking (RR 1.25, 95% Cl 1.03-1.51; 1°=67%;
Figure S3in Multimedia Appendix 3). Subgroup analysis based
on the intervention group revealed no significant differencein

https://www.jmir.org/2024/1/e58066
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cervical cancer screening rates between women with HPV in
the electronic health interventions group and the nonelectronic
health interventions group (RR 1.17, 95% CI 0.95-1.45;

12=57%). Women with and those without cervical cancer
screening experience (RR 1.56, 95% Cl 1.32-1.90; 12=90%) and
women with along absence from screening (RR 1.41, 95% Cl
1.08-1.85; 1°=37%) showed adifference between the el ectronic
health interventions group and the control group (Figure S4 in
Multimedia Appendix 3). Subgroup analysis according to
economic status showed a significant differencefor the middle-
and low-income group between the electronic health intervention
group and the control group (RR 1.51, 95% CI 1.27-1.79;

1°=68%). A significant difference was observed between the
intervention and control groups in high-income countries. The
RRwas1.41, witha95% CI of 1.15-1.73, and the heterogeneity

(1%) was 91%. Refer to Figure S5in Multimedia Appendix 3 for
further details. The sensitivity analysis demonstrated that the

combined RR and |2 value were consistent (RR 1.46, 95% Cl
1.29-1.66; refer to Figure S6 in Multimedia Appendix 3). After
removing studieswith ahigh risk of bias, ameta-analysis (n=7)
compared the intervention and control groups at the end of the
intervention. The analysis showed an RR of 1.56 (95% ClI
1.21-2.02) for cervical cancer screening (refer to Figure S7 in
Multimedia Appendix 3).
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Figure 5. Forest plot comparing electronic health interventions with nonelectronic health interventions in randomized controlled trials for cervical

cancer screening participation (n=14). RR: relative risk [25-38].
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Sarah Huf (2020) 230 485 432 1268 9.04 1.392(1.233,1.571) X 2
Ash Karakus Sel¢(2019) 121 383 79 341 731 1.364(1.069,1.739) o
H Kitchener (2018) 1518 5267 1190 4467 9.57 1.082(1.014,1.154) -
Dirtte S Linde (2020) 84 350 80 339 6.94 1.017(0.778,1.329) L
Zaahirah Mohammad (2022) 110 201 65 200 742 1.684(1.330,2.132) —e—
Beti Thompson (2017) 58 150 50 147 6.42 1.137(0.840,1.538) He*
S. M. Peitzmeier (2018) 74 220 44 220 6.12 1.682(1.218,2.323) =
Rima Marhayu Abdul R(2013) 86 250 47 250 6.31 1.830(1.343,2.493) —e
Total 3125 9191 2714 9940 100 1.464(1.285,1.667) ’
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Helerogeneity: Tau® = 0.045; chi = 89.41 df = 14 (p < 0.00001); ’=84.3% 0.0 2.0 4.0 6.0

Test of overall effect : z= 5.73 P<0.00001

Intention-To-Treat of Cervical Cancer Screening

A total of 11 studies [25-27,29-32,34-37] reported the results
of ITT analysis of cervical cancer screening rates. The results
indicated that el ectronic health can improve the cervical cancer
screening rate of participants more effectively than that of the
control group (RR 1.382, 95% CI 1.214-1.574; P<.001;
1°=82.0%; Figure 6 [25-27,29-32,34-37]). The percentage of
people screened in the comparison groups was 26.9%

RR(95%Cl)

(2636/9795), while the absolute effect of screening in the
intervention groups was 31.7% (3347/10558). The sensitivity
analysis of the leave-one-out method, demonstrated that
excluding any single study from the random-effects model did
not result in a loss of significance (Figure S8 in Multimedia
Appendix 3). Theresults of sensitivity analysis after excluding
studies with high RoB show that the overall pooled RR were
robust (RR 1.67, 95% CI 1.22-2.28; Figure S9 in Multimedia
Appendix 3).

Figure6. Forest plot comparing electronic health interventions with nonel ectronic health interventionsin randomized controlled trials for intention-to-treat
analysis of cervical cancer screening participation (n=11). RR: relative risk [25-27,29,30-32,34-37].

Intervention Comparison RR(95%CI) RR{95%CI)
Study Event _1 Total_I Eveni_C Total _C Wight(%) M-H random M-H randlom
Fauziah Abd ullah (2013) 36 201 20 202 4.39 1.809(1.086,3.014) - i
David Adler (2019) 7 48 7 47 1.59 0.979(0.372,2.576) LB —
Theresa L. Byrd (2013) 64 155 38 153 7.2 1.662(1.191,2.321) ——
Erica Erwin (2019) 35 272 12 281 321 3.013(1.598,5.681) .
Joto Firmino-Machad(2019) 310 605 209 615 11.94 1.508(1.318,1.725) g
Sarah Huf (2020) 466 1482 384 1453 12.4 1.190(1.062,1.334) o
Sarah Huf (2020) 557 1507 540 1568 1277 1.073(0.976,1.180)
H Kitchener (2018) 1518 5267 1190 4467 13.26 1.082(1.014,1.154)
Ditte $ Linde (2020) 84 350 80 339 8.67 1.017(0.778,1.329) (=
Zaahirah Mohammad (2022) 110 201 65 200 9.43 1.684(1.330,2.132) —o—
S, M. Peitzmeicr (2018) 74 220 44 220 7.42 1.682(1.218,2.323) —e—i
Rima Marhayu Abdul R(2013) 86 250 47 250 7.7 1.830(1.343,2.493) —e—
Total 3347 10558 2636 9795 100 1.382(1.214,1.574) &
J T 1
Heterogeneity: Tau® = 0.032; chi’ = 61.02; df = 11(P < 0.00001); I? = 82.0% 0 2 4 6
Test of ov erall effect : 2= 4.88 P < 0.00001 RR{95%CT)

PP of Cervical Cancer Screening

The findings of the PP analysis of cervical cancer screening
rates were published in 12 publications [25-33,35,36,38].
According to the findings, the total pooled effect estimate for
PP of cervical cancer screening was 1.565 (95% Cl 1.381-1.772,
12=74%; Figure 7 [25-33,35,36,38]). The intervention and
comparison groups had an absol uterisk difference of 15% (95%

https://www.jmir.org/2024/1/e58066
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Cl 10.2-19.8). Comparatively, the intervention group’'s cancer
screening rate was 44% (1549/3540), while the control group’s
rate was 29% (1474/5132). The sensitivity analysis of the
leave-one-out method, demonstrated that excluding any single
study from the random-effects model did not result in aloss of
significance (Figure S10 in Multimedia Appendix 3). After
removing studies with a high RoB (n=5), a sensitivity analysis
revealed a pooled RR value of 1.93 (95% CI 1.64-2.27; Figure
S11 in Multimedia Appendix 3).

JMed Internet Res 2024 | vol. 26 | €58066 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Liuetd

Figure7. Forest plot comparing electronic health interventions with nonelectronic health interventions in randomized controlled trials for per-protocol
analysis of cervical cancer screening participation (n=12). RR: relative risk [25-33,35,36,38].

Intervention Comparison RR(95%CI) RR(95%CI)
Study Event Total Event Total % Weight M-H random M-H random
Fauziah Abd ullah (2013) 36 199 20 199 406 1.800(1.081-2.998) ——
David Adler (2019) 7 28 i 27 165  0.964(0.390-2.382) F—o—
Silvina Arrossi (202 314 445 163 292 11.38  1.264(1.123-1.423) -
Theresa L. Byrd (2013) 64 125 38 133 6.94  1.792(1.303-2.454) —eo—
Erica Erwin (2019) 35 268 12 281 296  3.058(1.622-5.765) e
Jodo Firmino-Machad(2019) 179 273 121 365 1028  1.978(1.670-2.342) @
Sarah Huf (2020) 209 511 366 1388 1101 1.551(1.353-1.778) b g
Sarah Huf (2020) 230 485 432 1268 1132 1.392(1.233-1.571) L
Asli Karakus Selg(2019) 121 383 79 341 855  1.364(1.069-1.739) e
Ditte S Linde (2020) 84 287 80 272 823  0.995(0.769-1.287) L4
Zachirah Mohammad (2022) 110 162 65 163 918  1.703(1.372-2.114) o
Beti Thompson (2017) 74 205 44 206 6.92  1.690(1.228-2.325) —o—
Rima Marhayu Abdul R(2013) 86 169 47 197 752 2133(1.596-2.851) e
Total 1549 3540 1474 5132 100 1.565(1.381-1.772) &
Heterogeneity: Tau® = 0,032, chi®=45.54, df = 12(P < 0.00001); I = 73.6% 0 2‘ J; (Is
lest of overall effect: z=7.040, P < 0.00001 RR(95%CT)
Discussion cancer screening and found 17 papersin total, which were then

Principal Findings

This meta-analysis evaluated the effectiveness of electronic
health interventions in increasing cervical cancer screening
rates. We found that electronic hedth interventions can
significantly improve cervical cancer screening rates among
women. TheITT and PP analyses aso showed similar results.

Our systematic review included 14 papers (15 studies) that
examined the impact of electronic health interventions on
enhancing participationin cervical cancer screening. The overall
effect size for cervical cancer screening rates significantly
favored the electronic health interventions group (RR 1.464,
95% Cl 1.285-1.667). In addition, the subgroup anaysis
revealed no discernibleimpact of electronic health interventions
on increasing cervical cancer screening rates among women
who tested positive for HPV. For individuals who qualified for
aPP analysis, the effect size on cervical cancer screening rates
wasthelargest (RR 1.565, 95% Cl 1.381-1.772). The sensitivity
analyses demonstrated the stability of the result estimates,
indicating that electronic health interventions are effective in
enhancing cervical cancer screening rates.

Three studies similar to the present study were published before
2021. Uy et a [39] and Ruco et a [12] evaluated the
effectiveness of electronic hedlth-related interventions for
improving cancer screening rates. These studies included
different types of cancer. Uy et a [39] focused on SMS
interventions, and the results showed that SM 'S canimprovethe
screening rates for cervical cancer and breast cancer. The main
intervention studied by Ruco et al [12] was socia media, and
the results showed that mobile health technology, especially
social media, can effectively improve cancer screening rates.
However, the study by Ruco et a [12] included controlled
clinical trials, whereasthe present analysisincluded only RCTs,
which may provide amore accurate pooled effect size. Tamuzi
et al [40] looked at mobile health interventions for cervical
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categorized by type of intervention into ameta-analysis. Inthis
study, theintervention iselectronic health, which includes SMS,
phone calls, multimode interventions, web videos, and
internet-based booking. In their study, the intervention was
evaluated in the context of mobile health, which included phone
cals, letters, and text alerts. According to Tamuzi et a [40],
the only intervention with statistically significant estimates of
aggregate impacts was phone alerts. However, a meta-analysis
of these treatments could not be carried out since only 1 article
in their review discussed the effectiveness of SMS alerts.
According to the current analysis, 4 out of the 14 publications
included discussed how text messaging increased cervical cancer
screening rates. The results of this study also suggest that text
messaging is effective for improving cervical cancer screening
rates (RR 1.41, 95% CI 1.14-1.73). In addition, his study was
conducted in 2017, and most of the articles included in this
study were published after 2017 (10/14). Our review offers a
thorough and updated overview of this subject. In addition, this
study analyzes the effect size of electronic health interventions
on cervical cancer screening rates using PP and ITT analyses
to clarify their effectiveness and extensihility.

The popularity of electronic healthisincreasing in parallel with
technol ogical advances[41]. Inasurvey of USadults, over 80%
of individuals aged 18-49 years old and 73% of those aged
50-64 years old use socia media sites [42]. Electronic health
interventions include various methods, such as SMS, phone
calls, and web videos [43]. The results of this study show that,
regardless of the type of intervention, electronic health can
improve cervical cancer screening rates. Theresults of this study
show that the aggregate effect size was statistically significant
for both ITT and PP analyses, which strongly supports the
effectiveness of electronic health in improving cervical cancer
screening rates.

When the studies were grouped according to the intervention
method, the results showed that each of the intervention
modalities (including phone calls, SMS, multimode, web videos,
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and internet-based booking) could increase the cervical cancer
screening rate, but the combined effect size was highest when
phone calls were used as the means of intervention (RR 1.82,

95% Cl 1.40-2.38; 1°=0%) [27,33]. Phone calls are a
cost-effective intervention [44], because direct contact with the
recipient allows timely responses to questions, which further
validates the importance of direct communication [45].
However, phone calls intervention is associated with higher
manpower costs. The devel opment of voiceinteraction can save
manpower costs while retaining some of the advantages of
telephone intervention [46]. Further studies are necessary to
understand the impact of voice interaction on cervical cancer
screening rates.

When the studies were grouped according to economic level,
the subgroup analysis results showed that the aggregate effect
size of electronic health on cervical cancer screening rates was
higher in low- and middle-income areas than in high-income
areas, suggesting that electronic healthismore effectivein low-
and middle-income populations. One possible reason for this
result is that resources are scarce in low- and middle-income
areas. Electronic health interventions can help the residents of
low- and middle-income areas improve their avareness and
attention to cervical cancer through internet-based health
education, health knowledge dissemination, internet-based
reminder services, and other forms, which may increase the
motivation for screening [20,47]. In high-income areas,
electronic health applications are more common, and electronic
health incentives are therefore wesker for the high-income
population than for the low-income population [48].

Subgroup analysis based on distinct intervention populations
reveal ed no statistically significant differencesin cervical cancer
screening rates among women with HPV between the el ectronic
health intervention group and the conventiona intervention
group. Most of the studies included in the analysis were based
on the theoretical health belief model [28,30], and the main
strategy was to provide patients with health education related
to cervical cancer screening in the form of electronic health
[26-28,35-37]. Overall, the screening rate in women with HPV
(45%) was higher than the average rate (30.52%), possibly
because women with HPV are more aware of their risk of
cervical cancer as carriers of high-risk HPV [49,50]. Factors
such as physician recommendations, secondary tests, and
education also play a role in promoting their participation in
cervical cancer screening, resulting in arelatively high screening
rate. Because the main limitation to follow-up screening in
women with HPV is not cervical cancer awareness, electronic
health is not effective in improving screening rates in this
population [51]. However, advances in science and technology
are increasing the diversity of electronic health methods
available, and the intervention mechanism is not limited to
reminder education [52]. Further studies are needed to explore
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the effect of electronic health on cervical cancer screening rates
in women with HPV.

The Egger's test results of this study suggest potential
publication bias; however, after using the trim and fill method,
no additional studieswere deemed necessary, and the combined
effect size and P values remained unchanged, thereby affirming
the robustness of these findings. The RoB results indicated that
50% of the studies exhibited high bias risk, prompting a
sensitivity analysis excluding these high-risk studies, which
enhanced the precision and reliability of the outcomes. After
excluding studies with high bias risk, the pooled results were
asfollows: cervical cancer screening: 1.56 (95% CI 1.21-2.02),
cervical cancer screening (ITT): 1.67 (95% Cl 1.22-2.28),
cervical cancer screening (PP): 1.93 (95% CI 1.64-2.27).
Consequently, although studies with high bias risk may reduce
some intervention effects, the overal effect size exhibited
minimal variation, thereby confirming the robustness of the
study results.

Limitations

Despite the consistency of the pooled effect estimate in the
subgroup and sensitivity analyses, significant heterogeneity
remained in this meta-analysis. The variation in demographics,
treatments, or outcome measures among the studies may bethe
cause of this. For instance, all adults aged 65 years or younger
or highly specialized populationslike ER patientsor individuals
with HPV were among the populations randomized in the studies
included in this review. Furthermore, we only included papers
published in English, which could have an impact on the
meta-analysis's findings. Despite our best efforts, we were
unable to locate some of the records that the search identified.
Finally, because it was unable to identify the outcomes unique
to cervical cancer, RCTs that enrolled patients with a variety
of malignancies and reported their combined findings were
excluded. Furthermore, non-RCT designs (such as adaptive
trials) were disregarded.

Conclusion

In conclusion, the results of this study suggest that electronic
health interventions may significantly impact increasing cervical
cancer screening rates. However, the study exhibited a high
degree of heterogeneity. Phone call-based electronic health
interventions demonstrated the most substantial improvements
in increasing cervical cancer screening rates, with low
heterogeneity. Multimodal interventions constitute a growing
segment of electronic health treatments. The RoB review
highlighted variations in blinding processes, and only a few
studies disclosed plans to upscale, assess the cost of the
intervention, or maintain the outcomes. Future cost-effectiveness
analyses should be conducted to further elucidate the scal ability
of electronic health interventions.

This study was conducted with the support of the Liaoning Provincial Department of Education's 2021 Top-Level Scientific
Research Project (LJIKR0279). We thank International Science Editing for editing this manuscript.

https://www.jmir.org/2024/1/e58066

JMed Internet Res 2024 | vol. 26 | €58066 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

Data Availability
The datasets generated during or analyzed during this study are available from the corresponding author on reasonable request.

Authors Contributions

XL contributed to writing the original draft, software, methodology, formal analysis, data curation, and conceptualization. LN
handled software, methodol ogy, formal analysis, and data curation. WF managed software, methodology, and data curation. CJ
performed methodology and data curation. LG contributed to writing—review & editing, visualization, validation, supervision,
resources, project administration, methodology, funding acquisition, and formal analysis.

Conflictsof Interest
None declared.

Multimedia Appendix 1

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist for the full text and abstract sections.
[DOCX File, 33 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Search strategies of MEDLINE, Cochrane Central Registry of Controlled Trials, Embase, PsycINFO, PubMed, Scopus, Web of
Science, and the Cumulative Index to Nursing and Allied Health Literature.
[DOCX File, 726 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Supplementary material for this study, including general information on included studies, funnel plot results, subgroup analysis
results, sensitivity analysis results.

[DOCX File, 2624 KB-Multimedia Appendix 3]

References

1.  ArbynM, WeiderpassE, Bruni L, de Sanjosé S, SaraiyaM, Ferlay J, et a. Estimates of incidence and mortality of cervical
cancer in 2018: aworldwide analysis. Lancet Glob Health. 2020;8(2):€191-e203. [FREE Full text] [doi:
10.1016/S2214-109X(19)30482-6] [Medline: 31812369]

2. SinghD, Vignat J, Lorenzoni V, Eslahi M, Ginsburg O, Lauby-Secretan B, et al. Global estimates of incidence and mortality
of cervical cancer in 2020: abaseline analysis of the WHO global cervical cancer elimination initiative. Lancet Glob Health.
2023;11(2):e197-e206. [FREE Full text] [doi: 10.1016/S2214-109X(22)00501-0] [Medline: 36528031]

3. DasM. WHO launches strategy to accelerate elimination of cervical cancer. Lancet Oncol. 2021;22(1):20-21. [doi:
10.1016/S1470-2045(20)30729-4] [Medline: 33248466]

4. Bedell SL, Goldstein LS, Goldstein AR, Goldstein AT. Cervical cancer screening: past, present, and future. Sex Med Rev.
2020;8(1):28-37. [FREE Full text] [doi: 10.1016/j.sxmr.2019.09.005] [Medline: 31791846]

5. Smith JL, Wilson KM, Orians CE, Byrd TL. AMIGAS: building a cervical cancer screening intervention for public health
practice. JWomens Health (Larchmt). 2013;22(9):718-723. [FREE Full text] [doi: 10.1089/jwh.2013.4467] [Medline:
23930983]

6.  Global HIV, Hepatitis and STIs Programmes (HHS), Guidelines Review Committee, Sexual and Reproductive Health and
Research. WHO guideline for screening and treatment of cervical pre-cancer lesionsfor cervical cancer prevention. World
Health Organization; 2001. URL.: https.//www.who.int/publications/i/item/9789240030824 [accessed 2024-10-03]

7.  Alam Z, Cairns M, Scott M, Dean JA, Janda M. Interventions to increase cervical screening uptake among immigrant
women: a systematic review and meta-analysis. PLoS One. 2023;18(6):€0281976. [FREE Full text] [doi:
10.1371/journal .pone.0281976] [Medline: 37267330]

8.  MusaJ, Achenbach CJ, O'Dwyer LC, Evans CT, McHugh M, Hou L, et al. Effect of cervical cancer education and provider
recommendation for screening on screening rates: asystematic review and meta-analysis. PLoS One. 2017;12(9):e0183924.
[FREE Full text] [doi: 10.1371/journal.pone.0183924] [Medline: 28873092]

9. Brevik TB, Laake P, Bjarkly S. Effect of culturally tailored education on attendance at mammography and the papanicolaou
test. Health Serv Res. 2020;55(3):457-468. [FREE Full text] [doi: 10.1111/1475-6773.13271] [Medline: 31994187]

10. CostaS, Verberckmoes B, Castle PE, Arbyn M. Offering HPV self-sampling kits: an updated meta-analysis of the
effectiveness of strategies to increase participation in cervical cancer screening. Br J Cancer. 2023;128(5):805-813. [FREE
Full text] [doi: 10.1038/s41416-022-02094-w] [Medline: 36517552]

https://www.jmir.org/2024/1/e58066 JMed Internet Res 2024 | vol. 26 | €58066 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v26i1e58066_app1.docx&filename=b6367e542250a8b78e348c283a1098ba.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58066_app1.docx&filename=b6367e542250a8b78e348c283a1098ba.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58066_app2.docx&filename=f21aba98110eda64754b5ed1e25cf279.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58066_app2.docx&filename=f21aba98110eda64754b5ed1e25cf279.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58066_app3.docx&filename=e874d05a95e522f51a8c4d772e6e6b0c.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58066_app3.docx&filename=e874d05a95e522f51a8c4d772e6e6b0c.docx
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(19)30482-6
http://dx.doi.org/10.1016/S2214-109X(19)30482-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31812369&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(22)00501-0
http://dx.doi.org/10.1016/S2214-109X(22)00501-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36528031&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(20)30729-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33248466&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2050-0521(19)30101-5
http://dx.doi.org/10.1016/j.sxmr.2019.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31791846&dopt=Abstract
https://europepmc.org/abstract/MED/23930983
http://dx.doi.org/10.1089/jwh.2013.4467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23930983&dopt=Abstract
https://www.who.int/publications/i/item/9789240030824
https://dx.plos.org/10.1371/journal.pone.0281976
http://dx.doi.org/10.1371/journal.pone.0281976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37267330&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0183924
http://dx.doi.org/10.1371/journal.pone.0183924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28873092&dopt=Abstract
https://europepmc.org/abstract/MED/31994187
http://dx.doi.org/10.1111/1475-6773.13271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31994187&dopt=Abstract
https://europepmc.org/abstract/MED/36517552
https://europepmc.org/abstract/MED/36517552
http://dx.doi.org/10.1038/s41416-022-02094-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36517552&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Vasankari V, Halonen J, Vasankari T, AnttilaV, Airaksinen J, Sievdnen H, et al. Physical activity and sedentary behaviour
in secondary prevention of coronary artery disease: areview. Am J Prev Cardiol. 2021;5:100146. [FREE Full text] [doi:
10.1016/j.8jpc.2021.100146] [Medline: 34327489

Ruco A, Dossa F, Tinmouth J, Llovet D, Jacobson J, Kishibe T, et a. Socia media and mHealth technology for cancer
screening: systematic review and meta-analysis. JMed Internet Res. 2021;23(7):€26759. [FREE Full text] [doi:
10.2196/26759] [Medline: 34328423]

Rittberg R, Mann A, Desautels D, Earle CC, Navaratnam S, Pitz M. Canadian cancer centre response to COVID-19
pandemic: a national and provincial response. Curr Oncol. 2020;28(1):233-251. [FREE Full text] [doi:

10.3390/curroncol 28010026] [Medline: 33704191]

Jiang Y, West BT, Barton DL, Harris MR. Acceptance and use of eHealth/mHealth applications for self-management
among cancer survivors. Stud Health Technol Inform. 2017;245:131-135. [FREE Full text] [Medline: 29295067]
Singleton AC, Raeside R, Hyun KK, Partridge SR, Di TannaGL, Hafiz N, et a. Electronic health interventions for patients
with breast cancer: systematic review and meta-analyses. J Clin Oncol. 2022;40(20):2257-2270. [doi: 10.1200/JC0O.21.01171]
[Medline: 35500200]

Thompson B, Barrington WE, Briant KJ, Kupay E, Carosso E, Gonzalez NE, et a. Educating L atinas about cervical cancer
and HPV: a pilot randomized study. Cancer Causes Control. 2019;30(4):375-384. [FREE Full text] [doi:
10.1007/s10552-019-01150-w] [Medline: 30830494]

Lyson HC, Le GM, Zhang J, RivadeneiraN, Lyles C, RadcliffeK, et al. Social mediaasatool to promote health awareness:
results from an online cervical cancer prevention study. J Cancer Educ. 2019;34(4):819-822. [FREE Full text] [doi:
10.1007/s13187-018-1379-8] [Medline: 29948924]

Vimarlund V, Koch S, Nghr C. Advances in E-Hedlth. Life (Basel). 2021;11(6):468. [FREE Full text] [doi:
10.3390/1ife11060468] [Medline: 34073659]

Romli R, Abd Rahman R, Chew KT, Mohd Hashim S, Mohamad EMW, Mohammed Nawi A. Empirical investigation of
e-health intervention in cervical cancer screening: asystematic literature review. PLoS One. 2022;17(8):€0273375. [FREE
Full text] [doi: 10.1371/journal.pone.0273375] [Medline: 35984812]

Zhang D, Advani S, Waller J, Cupertino A, Hurtado-de-Mendoza A, Chicaiza A, et al. Mobile technologies and cervical
cancer screening in low- and middle-income countries: a systematic review. JCO Glob Oncol. 2020;6:617-627. [FREE Full
text] [doi: 10.1200/JG0O.19.00201] [Medline: 32302236]

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated guidance for trusted systematic reviews:
anew edition of the cochrane handbook for systematic reviews of interventions. Cochrane Database Syst Rev.
2019;10(10):ED000142. [FREE Full text] [doi: 10.1002/14651858.ED000142] [Medline: 31643080]

Mavridis D, Salanti G. How to assess publication bias: funnel plot, trim-and-fill method and selection models. Evid Based
Ment Health. 2014;17(1):30. [doi: 10.1136/eb-2013-101699] [Medline: 24477535]

Chandeying N, Thongseiratch T. Systematic review and meta-analysis comparing educationa and reminder digital
interventions for promoting HPV vaccination uptake. NPJ Digit Med. 2023;6(1):162. [FREE Full text] [doi:
10.1038/s41746-023-00912-w] [Medline: 37644090]

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002;21(11):1539-1558. [doi:
10.1002/sim.1186] [Medline; 12111919]

Abdul Rashid RM, Mohamed M, Hamid ZA, Dahlui M. Is the phone call the most effective method for recall in cervical
cancer screening?--results from arandomised control trial. Asian Pac J Cancer Prev. 2013;14(10):5901-5904. [FREE Full
text] [doi: 10.7314/apjcp.2013.14.10.5901] [Medline: 24289597]

Abdullah F, Su TT. Applying the transtheoretical model to evaluate the effect of a call-recall program in enhancing pap
smear practice: acluster randomizedtrial. Prev Med. 2013;57 Suppl:S83-S86. [doi: 10.1016/j.ypmed.2013.02.001] [Medline:
23415623]

Adler D, Abar B, Wood N, Bonham A. An intervention to increase uptake of cervical cancer screening among emergency
department patients: results of arandomized pilot study. JEmerg Med. 2019;57(6):836-843. [FREE Full text] [doi:
10.1016/j.jemermed.2019.07.021] [Medline: 31594738]

Arross S, Paolino M, Antelo VS, Thouyaret L, Kohler RE, Cuberli M, et a. ATICA Study team. Effectiveness of an
mHealth intervention to increase adherence to triage of HPV DNA positive women who have performed self-collection
(the ATICA study): ahybrid type | cluster randomised effectiveness-implementation trial. Lancet Reg Health Am.
2022;9:100199. [FREE Full text] [doi: 10.1016/j.1ana.2022.100199] [Medline: 35655914]

Byrd TL, Wilson KM, Smith JL, Coronado G, Vernon SW, Fernandez-Esquer ME, et al. AMIGAS: amulticity,
multicomponent cervical cancer prevention trial among Mexican American women. Cancer. 2013;119(7):1365-1372. [FREE
Full text] [doi: 10.1002/cncr.27926] [Medline: 23280399]

Erwin E, Aronson KJ, Day A, Ginsburg O, Macheku G, Feksi A, et a. SM S behaviour change communication and eVoucher
interventionsto increase uptake of cervical cancer screening in the Kilimanjaro and Arusharegions of Tanzania: arandomised,
double-blind, controlled trial of effectiveness. BMJ Innov. 2019;5(1):28-34. [FREE Full text] [doi:
10.1136/bmjinnov-2018-000276] [Medline: 31645991]

https://www.jmir.org/2024/1/e58066 JMed Internet Res 2024 | vol. 26 | €58066 | p. 12

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2666-6677(21)00001-5
http://dx.doi.org/10.1016/j.ajpc.2021.100146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34327489&dopt=Abstract
https://www.jmir.org/2021/7/e26759/
http://dx.doi.org/10.2196/26759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34328423&dopt=Abstract
https://www.mdpi.com/resolver?pii=curroncol28010026
http://dx.doi.org/10.3390/curroncol28010026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33704191&dopt=Abstract
https://europepmc.org/abstract/MED/29295067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29295067&dopt=Abstract
http://dx.doi.org/10.1200/JCO.21.01171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35500200&dopt=Abstract
https://europepmc.org/abstract/MED/30830494
http://dx.doi.org/10.1007/s10552-019-01150-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30830494&dopt=Abstract
https://europepmc.org/abstract/MED/29948924
http://dx.doi.org/10.1007/s13187-018-1379-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29948924&dopt=Abstract
https://www.mdpi.com/resolver?pii=life11060468
http://dx.doi.org/10.3390/life11060468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34073659&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0273375
https://dx.plos.org/10.1371/journal.pone.0273375
http://dx.doi.org/10.1371/journal.pone.0273375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35984812&dopt=Abstract
https://europepmc.org/abstract/MED/32302236
https://europepmc.org/abstract/MED/32302236
http://dx.doi.org/10.1200/JGO.19.00201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302236&dopt=Abstract
https://europepmc.org/abstract/MED/31643080
http://dx.doi.org/10.1002/14651858.ED000142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31643080&dopt=Abstract
http://dx.doi.org/10.1136/eb-2013-101699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24477535&dopt=Abstract
https://doi.org/10.1038/s41746-023-00912-w
http://dx.doi.org/10.1038/s41746-023-00912-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37644090&dopt=Abstract
http://dx.doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12111919&dopt=Abstract
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:24289597&key=2013.14.10.5901
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:24289597&key=2013.14.10.5901
http://dx.doi.org/10.7314/apjcp.2013.14.10.5901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24289597&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2013.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23415623&dopt=Abstract
https://europepmc.org/abstract/MED/31594738
http://dx.doi.org/10.1016/j.jemermed.2019.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31594738&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/100199
http://dx.doi.org/10.1016/j.lana.2022.100199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35655914&dopt=Abstract
https://europepmc.org/abstract/MED/23280399
https://europepmc.org/abstract/MED/23280399
http://dx.doi.org/10.1002/cncr.27926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23280399&dopt=Abstract
https://europepmc.org/abstract/MED/31645991
http://dx.doi.org/10.1136/bmjinnov-2018-000276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31645991&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Firmino-Machado J, VarelaS, MendesR, MoreiraA, Lunet N, SCAN-Cervical Cancer collaborators. A 3-step intervention
to improve adherence to cervical cancer screening: the SCAN randomized controlled trial. Prev Med. 2019;123:250-261.
[doi: 10.1016/j.ypmed.2019.03.025] [Medline: 30936001]

Huf S, Kerrison RS, King D, Chadborn T, Richmond A, Cunningham D, et al. Behavioral economics informed message
content in text message reminders to improve cervical screening participation: two pragmatic randomized controlled trials.
Prev Med. 2020;139:106170. [doi: 10.1016/].ypmed.2020.106170] [Medline: 32610059]

Karakus Selcuk A, Yanikkerem E. The effect of web-based education on pap smear behaviours of teachers. Eur J Cancer
Care (Engl). 2020;29(3):€13202. [doi: 10.1111/ecc.13202] [Medline: 31820836]

Kitchener H, Gittins M, Cruickshank M, Moseley C, Fletcher S, Albrow R, et a. A cluster randomized trial of strategies
to increase uptake amongst young women invited for their first cervical screen: the STRATEGIC trial. JMed Screen.
2018;25(2):88-98. [FREE Full text] [doi: 10.1177/0969141317696518] [Medline: 28530513]

Linde DS, Andersen MS, Mwaiselage J, Manongi R, Kjaer SK, Rasch V. Effectiveness of one-way text messaging on
attendanceto follow-up cervical cancer screening among human papillomavirus-positive Tanzanian women (Connected2Care):
parallel-group randomized controlled trial. JMed Internet Res. 2020;22(4):€15863. [FREE Full text] [doi: 10.2196/15863]
[Medline: 32238335]

Mohammad Z, Ahmad N, Baharom A. The effects of theory-based educational intervention and WhatsApp follow-up on
papanicolaou smear uptake among postnatal women in Malaysia: randomized controlled trial. IMIR Mhealth Uhealth.
2022;10(6):€32089. [FREE Full text] [doi: 10.2196/32089] [Medline: 35759319]

Peitzmeier SM, Khullar K, Potter J. Effectiveness of four outreach modalities to patients overdue for cervical cancer
screening in the primary care setting: arandomized trial. Cancer Causes Control. 2016;27(9):1081-1091. [doi:
10.1007/s10552-016-0786-6] [Medline: 27447961]

Thompson B, Carosso EA, Jhingan E, Wang L, Holte SE, Byrd TL, et al. Results of arandomized controlled trial to increase
cervical cancer screening among rural Latinas. Cancer. 2017;123(4):666-674. [FREE Full text] [doi: 10.1002/cncr.30399]
[Medline: 27787893]

Uy C, Lopez J, Trinh-Shevrin C, Kwon SC, Sherman SE, Liang PS. Text messaging interventions on cancer screening
rates: a systematic review. J Med Internet Res. 2017;19(8):€296. [FREE Full text] [doi: 10.2196/jmir.7893] [Medline:
28838885]

Tamuzi JL, MuyayalLM, TshimwangaJL, Zeng L. Effectiveness of mhealth to increase cervical cancer screening: systematic
review of interventions. Int J Pul & Res Sci. 2017;2(3). [doi: 10.19080/ijoprs.2017.02.555586]

Gyawali B, Bowman M, Sharpe |, Jalink M, Srivastava S, Wijeratne DT. A systematic review of eHealth technologies for
breast cancer supportive care. Cancer Treat Rev. 2023;114:102519. [doi: 10.1016/j.ctrv.2023.102519] [Medline: 36736125]
Schliemann D, Tan MM, Hoe WMK, Mohan D, Taib NA, Donnelly M, et al. mHealth interventions to improve cancer
screening and early detection: scoping review of reviews. JMed Internet Res. 2022;24(8):e36316. [FREE Full text] [doi:
10.2196/36316] [Medline: 35969450]

Heimer M, Schmitz S, Teschler M, Schafer H, Douma ER, Habibovic M, et a. eHealth for maintenance cardiovascul ar
rehabilitation: a systematic review and meta-analysis. Eur J Prev Cardiol. 2023;30(15):1634-1651. [doi:
10.1093/eurjpc/zwad145] [Medline: 37154363]

Dutton GR, Nackers LM, Dubyak PJ, Rushing NC, Huynh TT, Tan F, et a. A randomized trial comparing weight loss
treatment delivered in large versus small groups. Int J Behav Nutr Phys Act. 2014;11:123. [FREE Full text] [doi:
10.1186/s12966-014-0123-y] [Medline: 25249056]

Shimada SL, Zocchi MS, Hogan TR, Kertesz SG, Rotondi AJ, Butler JM, et al. Impact of patient-clinical team secure
messaging on communication patterns and patient experience: randomized encouragement design trial. JMed I nternet Res.
2020;22(11):e22307. [FREE Full text] [doi: 10.2196/22307] [Medline: 33206052]

Kim J, Shin E, Han K, Park S, Youn JH, Jin G, et al. Efficacy of smart speaker-based metamemory training in older adults:
case-control cohort study. JMed Internet Res. 2021;23(2):e20177. [EREE Full text] [doi: 10.2196/20177] [Medline:
33591276]

Al-Dhahir |, Reijnders T, Faber JS, van den Berg-Emons RJ, Janssen VR, Kraaijenhagen RA, et al. The barriers and
facilitators of eHealth-based lifestyle intervention programs for people with alow socioeconomic status: scoping review.
JMed Internet Res. 2022;24(8):€34229. [FREE Full text] [doi: 10.2196/34229] [Medline: 36001380]

Marcus JZ, Cason P, Downs LS, Einstein MH, Flowers L. The ASCCP cervical cancer screening task force endorsement
and opinion on the American cancer society updated cervical cancer screening guidelines. JLow Genit Tract Dis.
2021;25(3):187-191. [doi: 10.1097/L GT.0000000000000614] [Medline: 34138787)

Maver PJ, Poljak M. Primary HPV-based cervical cancer screening in Europe: implementation status, challenges, and future
plans. Clin Microbiol Infect. 2020;26(5):579-583. [EREE Full text] [doi: 10.1016/j.cmi.2019.09.006] [Medline: 31539637]
Perkins RB, Wentzensen N, Guido RS, Schiffman M. Cervical cancer screening: areview. JAMA. 2023;330(6):547-558.
[doi: 10.1001/jama.2023.13174] [Medline: 37552298]

Isaacson S, Adewumi K, Smith JS, Novak C, Oketch S, Huchko MJ. A qualitative exploration of barriersto treatment
among HPV-positivewomen in acervical cancer screening study in western Kenya. Oncologist. 2023;28(1):€9-e18. [FREE
Full text] [doi: 10.1093/oncolo/oyac208] [Medline: 36239434]

https://www.jmir.org/2024/1/e58066 JMed Internet Res 2024 | vol. 26 | €58066 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ypmed.2019.03.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30936001&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2020.106170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32610059&dopt=Abstract
http://dx.doi.org/10.1111/ecc.13202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31820836&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0969141317696518?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0969141317696518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28530513&dopt=Abstract
https://www.jmir.org/2020/4/e15863/
http://dx.doi.org/10.2196/15863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32238335&dopt=Abstract
https://mhealth.jmir.org/2022/6/e32089/
http://dx.doi.org/10.2196/32089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35759319&dopt=Abstract
http://dx.doi.org/10.1007/s10552-016-0786-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27447961&dopt=Abstract
https://europepmc.org/abstract/MED/27787893
http://dx.doi.org/10.1002/cncr.30399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27787893&dopt=Abstract
https://www.jmir.org/2017/8/e296/
http://dx.doi.org/10.2196/jmir.7893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838885&dopt=Abstract
http://dx.doi.org/10.19080/ijoprs.2017.02.555586
http://dx.doi.org/10.1016/j.ctrv.2023.102519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36736125&dopt=Abstract
https://www.jmir.org/2022/8/e36316/
http://dx.doi.org/10.2196/36316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35969450&dopt=Abstract
http://dx.doi.org/10.1093/eurjpc/zwad145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37154363&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-014-0123-y
http://dx.doi.org/10.1186/s12966-014-0123-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25249056&dopt=Abstract
https://www.jmir.org/2020/11/e22307/
http://dx.doi.org/10.2196/22307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33206052&dopt=Abstract
https://www.jmir.org/2021/2/e20177/
http://dx.doi.org/10.2196/20177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33591276&dopt=Abstract
https://www.jmir.org/2022/8/e34229/
http://dx.doi.org/10.2196/34229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36001380&dopt=Abstract
http://dx.doi.org/10.1097/LGT.0000000000000614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34138787&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(19)30491-4
http://dx.doi.org/10.1016/j.cmi.2019.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31539637&dopt=Abstract
http://dx.doi.org/10.1001/jama.2023.13174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37552298&dopt=Abstract
https://europepmc.org/abstract/MED/36239434
https://europepmc.org/abstract/MED/36239434
http://dx.doi.org/10.1093/oncolo/oyac208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36239434&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

52. Smith B, Magnani JW. New technologies, new disparities: the intersection of electronic health and digital health literacy.
Int J Cardiol. 2019;292:280-282. [FREE Full text] [doi: 10.1016/j.ijcard.2019.05.066] [Medline: 31171391]

Abbreviations

HPV: human papillomavirus

ITT: intention-to-treat

MINDSCAPE: Messenger, Incentives, Norms, Defaults, Salience, Priming, Affect, Commitments, and Ego
framework

PICOS: Population, Intervention, Comparison, Outcome, and Study design

PP: per-protocol

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews

RCT: randomized controlled trial

RoB: risk of bias

RR: relativerisk

WHO: World Health Organization

Edited by A Mavragani; submitted 05.03.24; peer-reviewed by D Linde, Z Alam; commentsto author 10.05.24; revised version received
30.05.24; accepted 10.09.24; published 31.10.24

Please cite as:

Liu X, Ning L, Fan W, JiaC, Ge L

Electronic Health Interventions and Cervical Cancer Screening: Systematic Review and Meta-Analysis
J Med Internet Res 2024; 26: 58066

URL: https:.//www.jmir.org/2024/1/e58066

doi: 10.2196/58066

PMID:

©XiaoxiaLiu, Lianzhen Ning, Wengi Fan, Chanyi Jia, LinaGe. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 31.10.2024. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly
cited. The complete bibliographicinformation, alink to the original publication on https://www.jmir.org/, aswell asthis copyright
and license information must be included.

https://www.jmir.org/2024/1/e58066 JMed Internet Res 2024 | vol. 26 | €58066 | p. 14
(page number not for citation purposes)

RenderX


https://europepmc.org/abstract/MED/31171391
http://dx.doi.org/10.1016/j.ijcard.2019.05.066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31171391&dopt=Abstract
https://www.jmir.org/2024/1/e58066
http://dx.doi.org/10.2196/58066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

