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Abstract

Cervical cancer (CC) screening can detect the cancer early but is underutilized, especially
among the developing countries and low- to middle-income countries. Electronic health (e-
health) has the potential for disseminating health education and is widely used in the devel-
oped countries. This systematic literature review investigates the effectiveness of e-health
intervention for improving knowledge of CC and the intention or uptake for CC screening. We
followed the PRISMA 2020 guideline and registered with PROSPERO (registration ID
CRD42021276036). We searched the Web of Science, Scopus and EBSCO Medline Com-
plete databases for eligible studies. Studies that conveyed informational material through e-
health intervention were selected. The results were analyzed using narrative synthesis, and
the pooled estimates were calculated using meta-analysis. A total of six studies involving 1886
women were included in this review. The use of e-health aids alone led to increased knowl-
edge. The meta-analysis demonstrated that the mixed-education method of e-health movies
and video education with didactic sessions increased CC screening uptake. A random-effects
model revealed that CC screening uptake following e-health interventions were almost double
of that of their comparison (odds ratio = 2.29, 95% confidence interval: 1.28—-4.10, p < 0.05).
Various areas of study demonstrated e-health intervention effectiveness (minority communi-
ties, urban areas, rural areas). Health education through e-health intervention has huge poten-
tial for promoting CC screening in the community. Nevertheless, the use of appropriate
frameworks, user engagement and culturally tailored e-health need to be prioritized.

Introduction

Cervical cancer (CC) remains a burden and a global issue. CC is a slowly progressing disease,
starting as an intraepithelial lesion that takes up to 10 years to develop into a precancerous lesion
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[1, 2]. Early-stage CC is usually asymptomatic, leading to patients being unaware of it [1]. Vacci-
nation is about 90% effective in preventing CC related to HPV type 16 and 18 [1], but secondary
screening programs such as Pap smear should be continued for early detection of cervical cell
changes [2]. A recent study demonstrates low knowledge among HPV vaccinated females and
they do not consider regular Pap smears as an important CC screening tool following HPV vacci-
nation [3]. Furthermore, a review paper that compare knowledge on HPV infection, CC and
HPYV vaccines among young women, concluded the level of knowledge was higher among devel-
oped countries but is still insufficient [4]. There is evidence of avoidance among developing
country due to the high cost of the vaccine [5], whereas, low incidence of CC is perceived to be
linked to the low HPV vaccination in developed country [6]. The success of reducing CC cases
depend on screening strategies in detecting and treating most of the precursors of CC before it
becomes invasive, as well as mass vaccination being implemented among adolescents [7].

Developed countries with effective screening methods have successfully reduced CC cases by up
to 80% [8, 9]. However, almost 90% of deaths occurs in the developing countries and low- to mid-
dle-income countries (LMICs), which are less successful in implementing screening methods [1, 2,
9]. Currently, the developed countries use electronic health (e-health) interventions and media
campaigns as an education method as a strategy to reach more women to promote CC screening
[10-13]. Therefore, investing in e-health promotion programs might enable the cultivation of
knowledge on the benefits of CC screening and promote lifelong screening for preventing CC.

Recently, the World Health Organization (WHO) asserted that CC prevention and early
diagnosis are highly cost-effective with the use of existing technology and tools [8]. The Inter-
net of Things is defined as a network that connects devices to the internet to measure health
data, which leads to quality low-cost medical care. This has led to e-health becoming a medium
with tremendous potential for conveying health information to society [14]. Apart from e-
health, mobile health (m-health) is also been used as a medium for disseminating information
using digital technology. The e-health medium covers wide range of technologies including
computers, telephony and wireless communication, whereas the m-health was a part of e-
health that deliver services via mobile and wireless technology [15].

E-health intervention conveys informational materials in various formats, such as audio-
visual aids, educational videos, telefilms, small media or interactive multimedia programs.
However, there is a risk of failure to involve disadvantaged groups such as the elderly, those
with lower education and those living in rural areas [16]. The ability to make use of e-health
technology and be self-reliant allows one to be directly involved with health management [17].
People who are e-health literate can access enhanced healthcare services, whereas those who
are not literate or knowledgeable about e-health cannot [17]. Therefore, e-health literacy
might also contribute to the effectiveness of e-health intended outcome.

The present systematic literature review is aimed at assessing the effectiveness of e-health
intervention for improving knowledge of CC and the intention or uptake for CC screening. In
addition, e-health intervention use through different areas and setting was also evaluated. This
review may help identify future practice and strategies for improving CC screening worldwide.

Methods
Protocol registration

The review was part of a clinical research approved by the Universiti Kebangsaan Malaysia
Medical Research Ethics Committee (protocol code: FF-2021-499; date of approval: 29 Octo-
ber 2021). This systematic literature review and meta-analysis followed the PRISMA (Preferred
Reporting Items for Systematic literature reviews and Meta- Analyses) 2020 guideline [18] and

PLOS ONE | https://doi.org/10.1371/journal.pone.0273375  August 19, 2022 2/17


https://doi.org/10.1371/journal.pone.0273375

PLOS ONE

E-health intervention in CC screening

has been registered with PROSPERO (registration ID CRD42021276036, https://www.crd.
york.ac.uk/prospero/display_record.php?ID=CRD42021276036).

Eligibility criteria

The review criteria were developed based on PICO (Problem, Intervention, Comparison, Out-
come). Problem referred to CC screening, which remains a global problem and is the fourth
highest killer of women worldwide [19]. Intervention referred to e-health intervention that
delivered via video education, informative videos, digital media or e-health videos. Compari-
son referred to alternative approach or conventional methods or any type of control group.
The outcome of interest in the selected studies were knowledge on CC and intention or uptake
towards CC screening.

The inclusion criteria of eligible study included the using of e-health as the intervention for
disseminating information regarding CC and CC screening. Only type of study design of ran-
domized controlled trials, non-randomized trials, quasi experimental such as pre and post
study included in the review. The exclusion criteria included non-CC screening such as HPV
vaccination, review article or case study.

Information sources and search strategy

We searched for eligible studies on the Web of Science (WoS), Scopus and EBSCO Medline
Complete medical databases These databases have many relevant studies, with numerous
open-access full-text articles available online. WoS has information analysis resources [20] and
uses a subject area categorisation scheme [21], which helps in finding the right articles. Scopus
has enhanced utility for medical literature research, which includes a more expanded spectrum
of journals [22]. Therefore, the selection of WoS, Scopus and EBSCO Medline Complete justi-
fied to covers an extensive range of medical subjects suitable for current updates related to the
medical field and e-health intervention use.

Two Universiti Kebangsaan Malaysia public health physicians performed an initial screen-
ing to identify the potential keywords to determine whether this review was feasible. This
search criteria were developed with support of an experience librarian in the faculty. The veri-
fied and validated medical subject heading (MeSH) keywords were: (“cervical cancer” OR
“uterine cervical neoplasms” OR “uterine cervical carcinoma” OR “cervical tumor” OR “cervi-
cal malignancy” OR “cervix tumor” OR”cervix malignancy” OR “cervix cancer” OR “cervical
neck tumor” OR “cervical neck malignancy” OR “cervical neck cancer” OR “uterine cervix
cancer” OR “uterine cervix tumor” OR “uterine cervix malignancy” OR “cervix uteri cancer”
OR “cervix uteri malignancy” OR “cervix uteri tumor”) AND (“screening” OR “Papanicolaou
test” OR “Papanicolaou smear” OR “Pap smear” OR “Pap test” OR “human papillomavirus
DNA tests” OR “HPV DNA tests” OR “human papillomavirus test” OR “HPV test”) AND
(“electronic health” OR “electronic health intervention” OR “e-health” OR “video education”
OR “informative video” OR “media” OR “digital media” OR “digital literacy”) (S1 Table).

We added potential studies through citation search of systematic reviews to enrich the liter-
ature search. The literature search was conducted from September 2021 to October 2021. The
screening strategy was limited to articles from January 2011 to October 2021 and that had
been published in English with full text available. The evolution of the e-health era among the
developed countries began in 2006 [23] but it remains challenging for LMICs [24]. Current
technology has been used widely to improve medical decisions by providing educational mate-
rials combined with multimedia materials, tailored education and decision support tools [25].
Thus, the 10-year publication span is justified.
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Selection process

Initially, we retrieved 862 records (WoS = 120, Scopus = 505, EBSCO Medline Complete = 231,
citation search = 6); 361 records were removed before screening (Fig 1). All data were
imported into EndNote reference manager and duplicates were removed (n = 128). One
author (RR) conducted individual evaluation of the titles and abstracts (n = 373) to identify
potential reports based on the review inclusion and exclusion criteria. Three hundred and
fifty-one reports were not eligible because they were non-CC screening articles, which was
focusing on HPV vaccination (n = 126); non-original articles such as review article, case study
(n = 58); non-intervention studies such as cross sectional study (n = 148) and non-e-health
intervention studies (n = 19).

A total of 22 full-text articles were retrieved and their eligibility information was extracted
to a Microsoft Excel sheet. Sixteen articles did not fulfil the inclusion criteria and were
excluded due to a mobile intervention (n = 2), an e-health survey with no intervention
(n =11) and a development studies (n = 3). Both mobile (m) interventions were excluded
from this review due to non-intervention study design. One study focus on development of
mobile application-based learning [26]. Another study regarding the non-health education
intervention which only focusing on online family group conversation [27]. The inclusion cri-
teria were randomized, quasi-experiment or pre-test and post-test design studies.

A final six articles were selected for data extraction and quality assessment based on the
research questions. Two authors (RR and AMN) reviewed the included studies independently.
Discrepancies were resolved through discussion and consensus.

Identification of studies via databases

] [ Identification of studies via other methods ]

Records identified:

Web of Science (n =120)
Scopus (n =505)
EBSCO Medline Complete
via Medical Databases
(n=231
(n = 856)

Records removed before screening:
Limit to 2011 - 2021 (n=223)
Non articles or jowrnal (n =62)
Not in English language (n=24)
Duplicate removed automatically
intra database (n=52)
(n = 361)

Additional records:
Identified through other sources
e.g. citation searching
(n =6)

v

Records screened
(n =495)

Records excluded:
Duplicate records removed inter
databases (n =128)

!

Reports not retrieved

Reports not retrieved: Non cervical cancer

Reports sought for retrieval
(n =367)

Non cervical cancer screening e.g. y
vaccination (n =125)

»| Not original article e.g. review article. retrieval

case study (n =58) (n =6)

screening e.g. vaccination
n=1)

»| Non-intervention study e.g.

cross sectional study (n=1)
(=2

Reports sought for

v

Non-intervention study e.g. cross
sectional study (n = 147) l

Reports assessed for eligibility
(n =18)

Non e-health intervention (n =19) i
(n =~ 349) Repmﬁ assessed for Reports excluded:
‘:l‘g’bl.l‘"y . E-health survey non-
(n =4) ; rantion &
- Reports excluded: intervention study

(n~1)

Mobile intervention (n =2)
E-health survey non-intervention

|

study (n =10)
Development study (n = 3)

Studies included in qualitative
synthesis:
Studies via database (n =3)
Studies via other method (n =3)
(n =6)

(n=15)

A

'

Studies included in
quantitative synthesis
(meta-analysis):
(n=4)

Fig 1. Selection process of study according to PRISMA 2020 guideline.

https://doi.org/10.1371/journal.pone.0273375.9001
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Study risk of bias assessment

The study quality was appraised using the Effective Public Health Practice Project Quality
Assessment Tool (EPHPP). The EPHPP has been considered an established, valid and reliable
instrument for most current methods of systematic reviews of public health-related effective-
ness since 1998 [28] and has fair inter-rater agreement for individual component ratings and
excellent agreement for the final rating [29]. Bias was assessed in six component ratings, where
the answers led to a global and final rating of ‘strong’, ‘moderate’ or ‘weak’. Two authors (RR
and AMN) reviewed all selected articles independently and reached agreement for the final
rating (S2 Table).

Synthesis methods

All statistical data were synthesized using Review Manager 5.4 (Cochrane, London, UK) [30].
Data regarding mean knowledge score of CC, intention or uptake towards CC screening were
extracted from each study. The odds ratios (ORs) with 95% confidence intervals (CIs) for
dichotomous data (intention or uptake) were used as the effect measure and were reported.
While the effect measure for continuous data (mean knowledge) was analysed using the mean
difference of knowledge score and were reported. The continuous data, which measures on
different scales outcome, can be combined using the effect size [31]. The larger the effect size
the stronger the relationship between two variables (small:0.2; medium:0.5; large:0.8) [32].
Thus, we convert OR (dichotomous data) using Effect Size Converter [33] and mean difference
(continuous data) using Practical Meta-Analysis Effect Size Calculator. We used the I” statistic
for each pooled estimate to assess inter-study heterogeneity and used a random-effects model
for heterogeneity (p < 0.05). An I” value of 25%, 50% and 75% indicates low, moderate and
high heterogeneity, respectively [34]. Due to the possibility of clinical homogeneity, we per-
formed subgroup analysis of the use of e-health aids alone and the screening uptake results
only. Publication bias was assessed using funnel plots. The absence of heterogeneity indicated
by 95% of the included studies lay within the boundaries of the funnel plot [35].

Results
Study characteristics

Table 1 provides an overview of the characteristics of the included studies. A total of six studies
were included in this review and represented various ranges of estimated age-standardized
incidence rates (ASR) of cervix uteri carcinoma from the International Agency of Research on
Cancer GLOBOCAN 2022 [36]. Three studies conducted in the US, a developed country, had
ASR of < 7.0 per 100 000 [11, 37, 38]. Two studies from African LMICs, i.e. Tanzania [39] had
the highest ASR of >25.2 per 100 000 and Nigeria [40] with ASR between 16.7 to 25.2 per 100
000. A study conducted in India, a developing country, reported an ASR of 16.7 to 25.2 per
100 000 [41]. Three studies used e-health aids alone as their tool [11, 37, 39]. There were two
studies from rural area [40, 41], a study from urban area [38], two studies related to minorities
[11, 37] and a study comparing rural to urban [39]. Various areas of study showed the effec-
tiveness for increasing screening intention and uptake, such as those on refugees [37] and
women living in urban areas [38] and rural areas [40].

One study used a pilot randomized controlled design [11], two studies used a quasi-experi-
mental design [40, 41] and three studies used a pre-test and post-test design [37-39]. Two
studies used video entertainment educational aids as their e-health intervention [11, 37], two
studies used movies [39, 40] and two study used video education aids [38, 41]. Four of the
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Table 1. Characteristics of studies in this review (n = 6).

No | Authors Country
(Year) (Targeted
population)
1 | Nagamma India
et al. 2020 Rural area
2 | Abiodun Nigeria
etal 2014 Rural area
3 | Kessleretal. USA
2012 Urban area
4 | Cooper etal. Africa

2021

Study Design

Quasi-
experimental

Quasi-
experimental

Pretest and post-
test prospective
design.

Pretest and post-

Rural vs Urban | test prospective

design.

Intervention Content of E-health

Type: Mix education method Not mention
Duration: One day session

[Total 7 sessions (18-25 participants

each) within 1 year window]

Tools:

« IG: Audio-visual aid + 30 min face

to-face interactive teaching session

(n=282)

o CG: Pamphlet (n = 84)

Type: Mix Education method
Duration: 4 hours session [Total 14
sessions (50 participants each) within
7 days] & 13 weeks post-intervention
follow up.

Tools:

« IG: 25 min Health Education Movie
“ASUNLE” + Didactic lectures + QA
session + hand bill to be read at home
(pre: n = 350; post: n = 325)

» CG: Education on breast cancer &
screening; didactic lectures (pre

n = 350; post n = 289)

+ Both CG & IG received the other
intervention after 13 weeks follow up
assessment.

Not mention

Type: Mix education method
Duration: One-day education
program & 15 months post-
intervention follow up.

Tools:

« Video on Pap tests & mammogram
+ Self-efficacy-based educational
intervention (pre-test: n = 56; follow
up: n =47)

*Study also included mammography
screening. However, the result not
been retrieved in this SLR.

Type: E-health aid

Duration: Daily VIA screen-and-treat
workshops (Total 5 days)

Tools:

15 min MedicalAidFilms (n = 764)

Videos on mammograms and
Pap tests that demonstrated the
success of those procedures
through vicarious experiences.

Understanding screening,
treatment, and prevention of
cervical cancer.

Outcome & Key Findings

Knowledge of CC risk factor (pre
to post-test):

« 1G: 6.4% to 79.2%

* CG: 6.0% to 58.4%

Knowledge regarding CC
screening (pre to post-test):

« IG: 30.4% to 100%

* CG: 21.4% to 84.5%

Mean knowledge scores on CC
(p<0.0001)

« IG: pre-test (1.75 £ 5.65)
post-test (25.69 + 6.20)

o CG: pre-test (2.03 £ 5.77)
post-test (2.22 + 6.04)

Mean perception scores on CC
screening

« IG: pre-test (1.13 £ 0.77)
post-test (4.43 + 0.92)

» CG: pre-test (1.16 + 0.83)
post-test (1.17 £ 0.88)

Uptake of CC screening (pre-test
to post-test):

«1G: 4.3% to 8.3%

« CG: 3.4% to 3.8%

Intention to CC screening (pre-
test to post-test):

« 1G: 89.7% to 92.3%

* CG: 91.4% to 93.4%

Mean knowledge scores [Breast
and Cervical Health (BACH)
survey]

o pre-test: 7.94 +1.41

o post-test: 8.89 +0.6

« follow up: 8.74 +£0.79

Uptake of CC screening after 15
months

« pre-test: 70%

« follow up: 85%

Mean knowledge score
(p<0.0001)

o Pre-test: 2.22 +1.76

« Post-test: 3.86 +1.78

o Urban area: 4.54 + 1.56

« Rural area: 2.78 + 1.57
Significantly improved regardless
age group, clinic site, primary
language, education level, literacy,
or access to healthcare provider
(P <.0001)

(Continued)
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Table 1. (Continued)

No | Authors Country
(Year) (Targeted
population)
5 | Ornelas et al. USA
2018 Minority
6 | Thompson USA
etal. 2019 Minority

Study Design

Pretest and post-
test survey
design.

A pilot
randomized
controlled design

IG = intervention group; CG = control group

https://doi.org/10.1371/journal.pone.0273375.t001

Intervention

Type: E-health aid

Duration: One day home visit
Tools:

17 min Culturally tailored narrative
video showed on iPad (n = 40)

Type: E-health aid

Duration: One day survey (15-20
participants daily) within a 3-week
window

Tools:

« IG: 5 min Digital Story showed on
iPad (n = 42)

o CG: Flu Fact Sheet (n = 42)

*IG in this study also included:
Fotonovela (n = 36) & Radionovela
(n = 40). However, the result not
been retrieved in this SLR.

Content of E-health

Entertainment-education
format:
« Prologue: establishing the main
characters and topic.

« Core segments: focusing on
logistic barriers to screening and
screening procedures
« Epilogue: closing the story and
reminding viewers of key points.
Characters: representing
grandmother, mother &
daughter.

Video of storytellers’ voices,
music and pictures:

o Characters: Latinas young
woman, older sister, a mother &
female doctor
« The doctor explains the human
papillomavirus and the HPV co-
test using a plastic model of a
woman’s reproductive system
Ends with summary facts about
HPYV and the Pap test and
encourages HPV vaccination for
both girls and boys.

Outcome & Key Findings

Mean knowledge score (p<0.001)
o Pre-test: 5.6 +2.8

« Post-test: 9.3 £1.0

Intention to CC screening

o Pre-test: 40%

Post-test: 100%

Mean knowledge score of CC risk
factor (p = 0.02)
«1G:97.5£1.7

« CG: 85.5£4.2

Mean knowledge score of CC
screening (p = 0.0003)

¢ 1G:23.8 +4.9

« CG:13.743.3

Intention of CC screening

(p = 0.06)

«1G:90.2% +3.3

CG:98.5% +1.7

included studies mentioned the duration of the e-health intervention, which varied from 5

[11] to 25 minutes [40].
In total, 1300 women completed the e-health intervention and follow-ups. The sample sizes

ranged from 40 [37] to 764 [39], with all studies investigating as their outcome knowledge

improvement and either intention towards CC screening [11, 37] or CC screening uptake [38,
40].

Intervention tool component regarding e-health

Table 2 summarises the components of the intervention tool, user involvement, outcome con-
clusion, eHealth Literacy Framework (eHLF) domains and quality ratings. Various approaches
were used to implement e-health intervention, including entertainment education and narra-
tives based on culturally tailored videos [37], the small media approach such as the digital
story [11] and movie-based multimedia health education [40]. Community advisors and spe-
cific community users were involved in e-health tool development [11, 37]. All six studies used
technology to process health information and three studies [11, 37, 40] included the under-
standing of health concepts and language in their e-health aids.

Quality rating of included studies

Based on the EPHPP quality rating, one study was strong [11], two studies were moderate [40,
41] and three studies were weak [37-39]. Among the quality rating criteria, three studies
received a double weak rating for selection bias because of their recruitment strategy and the
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Table 2. Intervention tool’s component regarding e-health approach, users involvement, outcome conclusion, domains of the eHealth literacy framework and qual-

ity rating (n = 6).

Authors E-health Approach Users Outcome conclusion “eHLF “EPHPP
(Year) Involvement Using technology | Understanding of Quality
to process health | health concepts and Rating
information language
Cooper et al. | Visual-audio methods of | Not mention | An effective, brief, practical with resource- V4 Weak
2021 learning appropriate teaching method may increase
knowledge regardless of ultimate disease
contraction, prior education and literacy
level in the resource-limited settings.
Nagamma Not mention Not mention | The need for disseminating health Vv Moderate
et al. 2020 information in the community and the
importance of improving knowledge
related to cervical cancer regardless of
methods being used (audio-visual aid vs
pamphlet).
Thompson | Small media to reach FGD involve | Small media interventions (Digital Story, Vv Vv Strong
etal. 2019 specific audiences 23 Latinas. Fotonovela, Radionovela) using narrative
education form are efficacious in changing
knowledge and intention to receive pap
testing
Ornelas et al. | Entertainment-education | Community Participants’ suggestion: the video suitable Vv Vv Weak
2018 & narratives based on advisors using in a variety of settings and modalities
culturally tailored videos such as clinic, community organization and
mobile phone.
Abiodun Multimedia Health Not mention | Knowledge and perception of CC and CC Vv Vv Moderate
etal 2014 Education based on movie screening in rural communities improved
by appropriate health education
intervention.
Kessler et al. | Not mention Not mention | The educational intervention was successful Vv Weak
2012 to increase knowledge of risks and

*eHLF = eHealth Literacy Framework

screening guidelines in a 15-month period
and better suited to younger women.

PEPHPP = Effective Public Health Practice Project Quality Assessment Tool

https://doi.org/10.1371/journal.pone.0273375.t1002

assessor being aware of the participants’ status in either the intervention or the exposure group
(S2 Table).

Effectiveness of e-health intervention

Studies included in qualitative synthesis. Examination of the effectiveness of e-health
interventions (Fig 2) showed that four studies showed effectiveness of knowledge score regard-
ing CC[11, 37, 39, 40]. The knowledge was assessed via pre-test and post-test questionnaire or
survey. We only select the knowledge on CC to reviewed, as there was a diversity of knowledge
measured by selected studies. Whereas, three studies showed increased intention [37] or
uptake [38, 40] regarding CC screening. One study did not assess CC knowledge specifically
[38] and one study did not evaluate the intention or uptake for CC screening [41]. Another
study performed the screen-and-treat workshop as their intervention, thus the uptake was not
calculated [39].

Studies included in the quantitative synthesis. We evaluated two outcomes for the
meta-analysis: 1) The mean CC knowledge score, which involved four studies [11, 37, 39, 40];
and 2) The intention or uptake of CC screening, which involved four studies [11, 37, 38, 40].
One study [41] was excluded due to a lack of data.
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Fig 2. Comparison of effectiveness of e-health intervention on the knowledge score on CC and the uptake or
intention of CC screening (n = 6). [NA = Data Not Available].

https://doi.org/10.1371/journal.pone.0273375.9002

A total of 2306 samples [study 1 [40] IG:n = 325, CG:n = 289 + study 2 [39] pre-test:n = 764,
post-test:n = 764 + study 3 [37] pre-test:n = 40, post-test:n = 40 + study 4 [11] IG:n = 42; CG:
n = 42] were pooled from four feasible studies for mean knowledge on CC regardless of their
quality rating. The random-effects model revealed a statistically significant positive effect of the
mean difference knowledge score using e-health intervention aids alone, where participants in the
intervention groups were almost six time as likely to have increased knowledge on CC (mean dif-
ference = 5.73, 95% CI: 0.88-10.59, p < 0.05) (Fig 3). Nonetheless, clinical heterogeneity was high
(I = 99%, p < 0.05) and the generated funnel plot was asymmetrical (Fig 4) due to differences
among the studies. Whereas, the effect size for mean difference knowledge among selected studies
range from 0.93 to 3.83 [study 1 [40] d = 3.83, 95% CI:3.56-4.09; study 2 [39] d = 0.93, 95%
CI:0.82-1.03; study 3 [37] d = 1.76, 95% CI:1.24-2.27; study 4 [11] d = 3.74, 95% CI:3.03-4.45].

Meanwhile, a total of 881 samples [study 1 [40]; IG:n = 325, CG:n = 289 + study 2 [38] pre-test:
n = 56, follow-up:n = 47 + study 3 [37] pre-test:n = 40, post-test:n = 40 + study 4 [11] IG:n = 42,
CG:n = 42] were pooled for investigating the intention or uptake of CC screening. The random-
effects model revealed a statistically significant positive effect on CC screening uptake using e-health
interventions, where participants in the intervention groups were two-fold more likely to undergo
CC screening (OR = 2.29, 95% CI: 1.28-4.10, p < 0.05) (Fig 5). Heterogeneity analyses in these sub-
groups yielded homogeneous results (I* = 0%, p < 0.05). However, the funnel plot generated was
asymmetrical (Fig 6) due to differences among the studies. Furthermore, the effect size of OR
regarding the intention or uptake of CC screening among selected studies range from -0.810 to
2.641 [study 1 [40] d = 0.457; study 2 [38] d = 0.457; study 3 [37] d = 2.641; study 4 [11] d = -0.810].

Discussion
Principal findings
This systematic literature review presents an empirical investigation of the use of e-health

interventions for CC and CC screening. Most of the included studies improved the knowledge
on CC effectively and reached statistical significance (4/6), of which three studies used e-health
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A: Mean difference of knowledge score on cervical cancer (n=4)

E-health / Post-test Comparison / Pre-test
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Total (95% CI) 171 1135 100.0% 10.20 [0.24, 20.16] N

Heterogeneity: Tau®= 103.04; Chi*= 2079.53, df= 3 (P < 0.00001); *= 100% R0 = e 700

Test for overall effect: Z= 2.01 (P = 0.04)
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B: Mean difference of knowledge score on cervical cancer for quasi-experimental & randomized controlled design studies (n=2)

E-health Compariso Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, 95% CI v, 95% CI
Abiodun etal. 2014 25.69 6.2 325 222 6.04 289 50.1% 23.47(22.50,24.44) ]
Thompson etal 2019 975 1.7 42 855 42 42 499% 12.00(10.63,13.37) n
Total (95% CI) 367 331 100.0% 17.75[6.51,28.99] R =
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Test for overall effect Z= 3.09 (P = 0.002)
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C: Mean difference of knowledge score on cervical cancer for pre-test and post-test design studies (n=2)

I Post-test I Pre-test Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, 95% ClI v, 95% CI
Cooperetal. 2021 386 1.78 764 2.22 1.76 764 525% 1.64[1.46,1.82)
Omelas etal. 2018 93 1 40 56 28 40 475% 3.70(2.78,4.62) o
Total (95% CI) 804 804 100.0% 2.62[0.60,4.63)
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Heterogeneity. Tau*= 2.01; Chi*= 18.51, df= 1 (P < 0.0001); F= 95% oo ) ) 0 100

Test for overall effect: Z= 2.55 (P = 0.01)

Favours [comparison/pre] Favours [e-health/post]

D: Mean difference of knowledge score on cervical cancer among studies that used e-health aid intervention (n=3)

E-health / Post-test Comparison / Pre-test

Mean Difference

Mean Difference

Study or Subgroup Mean SD__Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Cooper etal. 2021 386 1.78 764 2.22 1.76 764 338% 1.64[1.46,1.82) -

Omelas etal. 2018 93 1 40 56 28 40 334% 3.70(2.78,4.62) -

Thompson etal 2019 975 17 42 855 42 42 329% 1200(1063,13.37) -

Total (95% CI) 846 846 100.0%  5.73[0.88,10.59]) L

Heterogeneity: Tau®= 18.20; Chi*= 231.53, df= 2 (P < 0.00001); F= 99% oo ) G 100

Testfor overall effect: Z= 2.31 (P = 0.02)
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Fig 3. A: Random-effects forest plot for studies eligible for meta-analysis regarding mean difference knowledge score on cervical
cancer (n = 4). B: Random-effects forest plot for studies that used quasi-experimental & randomized control design study (n = 2). C:
Random effects forest plot for studies that used pre-test and post-test design study (n = 2). D: Random effects forest plot for studies
that only used an e-health intervention aid (n = 3). Box size represents study weighting. Diamond represents overall effect size and

95% CI.

https://doi.org/10.1371/journal.pone.0273375.9003

aids alone through video entertainment education [11, 37] or movies [39]. Although knowl-
edge enhancement was effective, the methodological quality was low [37, 39]. Thus, the effec-
tiveness might be insufficiently strong due to the study using the pre-test and post-test design.
Meanwhile, a study that used a 5-minute digital story with a strong quality rating [11] proved
that using female characters in various age groups can impart knowledge to the targeted

audience.

Two studies improved CC screening uptake effectively [38, 40]. Both studies used a mixed-
education method of e-health with didactic sessions, where uptake was measured at the
15-month [38] and 13-week [40] follow-up. Women with adequate health information along
with self-efficacy would undergo screening when a given follow-up period is adequate. However,
both of these studies had low quality ratings due to the use of the pre-test and post-test design
[38] and a quasi-experimental study [40]. The random-effects forest plot showed high clinical
heterogeneity for CC knowledge (I* = 99%, p < 0.05) and CC screening uptake or intention (I* =
74%, p < 0.05) with an asymmetrical funnel plot. These results may show possible bias due to the
varied study designs, population groups, sample sizes, e-health aid content and durations.

Since the high heterogeneity were found, the effect size was calculated to show clinically rel-
evant effect for future practise. The effect size ranging from medium (d = 0.457 for two studies
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Fig 4. Funnel plot regarding mean knowledge score on cervical cancer for studies eligible for meta-analysis (n = 4).

https://doi.org/10.1371/journal.pone.0273375.9004

on CC screening uptake) to large (range of d = 0.93-3.83 for four studies on mean difference

in CC knowledge). Therefore, even though the number of studies included is small with high

heterogeneity, the effect size still showed superior and clinically relevant to use e-health inter-
vention for improving CC knowledge and CC screening uptake.

The need for framework integration into e-health intervention

Most of the included studies mentioned the e-health approach used in implementing their
intervention. However, the use of a theoretical framework was not specified. Only two studies
mentioned the framework used as guidelines in developing the e-health interventions, which
was the behavioural model for vulnerable populations [37] and Bandura’s (1986) concept of
self-efficacy [38]. Studies which used a framework demonstrated an improvement in partici-
pant knowledge [37] and screening uptake [38]. The video that used the behavioural model for
vulnerable populations is suitable for use in a variety of settings and modalities such as clinics,
community organisations and through mobile phones [37]. These two studies represent the
developed nations, with high readiness of e-health implementation.

On the other hand, implementation of e-health interventions in the developing countries
and LMICs may be achieved with organisational and technological infrastructural readiness
along with public-patient readiness [42]. A recent review identified a similar achievement
between audio-visual aids integrated into a 30-minute teaching intervention and pamphlet
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Fig 5. A: Random-effects forest plot for studies eligible for meta-analysis regarding the uptake or intention towards cervical cancer screening (n = 4). B:
Random-effects forest plot for studies evaluated the uptake of cervical cancer screening (n = 2). Box size represents study weighting. Diamond represents

overall effect size and 95% CI.

https://doi.org/10.1371/journal.pone.0273375.9005

SE(0g[OR)])
0 Ed '
'
'
'
'
)
'
Oi
'
05+ Oi
;
)
'
'
L
'
'
'
1+ ;
'
0 ;
)
)
'
'
L
)
15¢ : C
L
)
'
'
L
'
)
'
; OR
8 + + t 1
01 01 1 10 100
Fig 6. Funnel plot regarding the uptake or intention towards cervical cancer screening for studies eligible for meta-analysis (n = 4).
https://doi.org/10.1371/journal.pone.0273375.g006
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intervention in a rural setting [41]. Meanwhile, a 15-minute Medical Aid film alone signifi-
cantly improved participants’ knowledge regardless of age group, clinic site, primary language,
education level, literacy or access to healthcare provider (p < 0.0001) [39]. A longer duration
of health education sessions does not guarantee understanding. E-interventions alone that are
engaging and easy to understand are more effective. However, both studies were implemented
in a community setting; hence, the technology infrastructure readiness could not be assessed.

Furthermore, all included studies used technology to process health information as an
eHLF-derived domain. The intervention components contain information on CC and under-
standing CC screening, treatment and prevention. The eHLF domains may provide new
insight into the ability to understand, access and use e-health technology [43]. The other eHLF
domains, namely understanding health concepts and language, could be identified by involv-
ing users in the development of e-health aids [11, 37]. WHO has recommended the involve-
ment of women as potential users of e-health aid in CC screening and empowered women to
lead the development of material to make e-health aid accessible and useable [8]. Thus, the
infusion of narratives based on cultural tailoring also helps to enhance the positive effect of
health interventions.

Implication and potential of e-health aid for public health

The current coronavirus disease 2019 (COVID-19) global pandemic will not stop health infor-
mation dissemination through e-health aids. In fact, e-health has been a major focus of the
WHO since 2005, followed by the resurgence of the use of health-focused technology by the
developed countries beginning in 2006 [23, 42]. Towards the 21st century, the WHO presented
a global strategy towards eliminating CC from public health concern. The vision of the strategy
guidelines included a threshold rate of ASR 4.0 per 100 000 women with 70% of women
screened before the age of 35 years and re-screened by 45 years [8]. Hence, countries with a
higher ASR need to move into e-health promotion as a proactive step towards reaching the
unreached. Health information through electronic play role in reinforcing positive health
behaviours especially among youngest generation [44]. The world is heading for a decade’s
effort towards the WHO Shanghai Declaration on promoting health in the 2030 Agenda and
on the full use of social innovation and interactive technology towards prioritizing health pol-
icy [45]. E-health has gained attention worldwide and has eliminated geographic barriers [46].

Limitations

Although we have demonstrated the positive effects of e-health intervention in our review, the
reporting, publication bias and low quality rating may have affected our findings. The effect of
the mixed-education method could have influenced e-health intervention through the varied
settings with multiple study designs, as shown by the high heterogeneity. Furthermore, half of
the included studies were low quality due to the pre-test and post-test design. Thus, the effec-
tiveness result might be compromised.

Conclusion

This review demonstrates the effectiveness of e-health interventions for enhancing knowledge,
intention or uptake of CC screening. It proves that electronics are easy tools for reaching
urban, rural and minority communities worldwide. To achieve the WHO goal of eliminating
CC as a public health problem, policymakers need to start reaching out to the marginalized
through e-health interventions. The use of appropriate frameworks, user engagement and cul-
turally tailored e-health needs to be prioritised. However, due to high heterogeneity and lack
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of study in this review, we encourage further empirical investigation regarding e-health aids in
future.
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