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Abstract

Background: Cervical cancer screening adherence remains suboptimal globally despite proven efficacy
in reducing mortality. Innovative interventions are essential to bridge behavioral gaps and improve
screening uptake.

Objective: To systematically evaluate and meta-analyze the effectiveness of innovative interventions in
enhancing cervical cancer screening adherence across diverse populations.

Methods: Following PRISMA 2020 guidelines, we searched PubMed, Cochrane Library, Embase, and
Web of Science (inception-December 2024) for randomized controlled trials (RCTs) and quasi-
experimental studies evaluating adherence interventions. Two reviewers independently screened studies,
extracted data, and assessed bias using the Cochrane Risk of Bias tool. Random-effects meta-analysis
calculated pooled odds ratios (OR) with 95% confidence intervals (CI). Heterogeneity was quantified
using I? statistics and explored through subgroup analyses and meta-regression.

Results: Twenty-five studies (n=52,348 participants) were included. Innovative interventions
significantly improved screening adherence (pooled OR: 1.87, 95% CI: 1.58-2.22, p<0.001; ’=62%).
Subgroup analysis revealed: digital health interventions (OR: 2.24, 95% CI: 1.85-2.71; ’=48%),
community-based programs (OR: 1.82, 95% CI: 1.46-2.27; I’=55%), patient navigation (OR: 1.68, 95%
CI: 1.35-2.09; I’=41%), and self-sampling HPV testing (OR: 1.59, 95% CI: 1.24-2.04; 1>=38%). Meta-
regression identified intervention intensity (B=0.28, p=0.012) and baseline adherence rates (=-0.35,
p=0.008) as significant effect modifiers. Funnel plot asymmetry and Egger's test (p=0.042) suggested
potential publication bias, attenuated after trim-and-fill analysis (adjusted OR: 1.76, 95% CI: 1.48-2.09).
Conclusion: Innovative, theory-driven interventions substantially enhance cervical cancer screening
adherence. Digital health strategies demonstrate superior effectiveness. Implementation should prioritize
evidence-based, culturally tailored approaches with rigorous heterogeneity assessment to optimize
population-level impact.

Keywords: Cervical cancer screening, adherence, meta-analysis, PRISMA, heterogeneity, digital health
interventions, behavioral interventions

1. Introduction

Cervical cancer represents a paradigmatic example of a preventable malignancy, yet it remains the fourth
most common cancer among women worldwide, with approximately 604,000 new cases and 342,000
deaths annually! The disproportionate burden in low- and middle-income countries (LMICs), accounting
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for 90% of mortality, reflects persistent screening disparities rather than biological differences? Despite
evidence-based screening modalities—cytology-based Papanicolaou testing, high-risk human
papillomavirus (hrHPV) DNA testing, and visual inspection with acetic acid (VIA)—global adherence
remains substantially below targets established by the World Health Organization's cervical cancer
elimination strategy.’

The adherence gap is multifactorial, encompassing individual-level barriers (knowledge deficits, fear,
embarrassment, competing priorities), interpersonal factors (partner opposition, cultural norms),
organizational constraints (appointment availability, clinic accessibility, cost), and policy-level
determinants (insurance coverage, screening guidelines).* Traditional public health approaches—mass
media campaigns, provider reminders, opportunistic screening—have yielded modest improvements,
necessitating innovative, theoretically grounded interventions addressing the complexity of screening
behavior.’

Recent advances in behavioral science, implementation science, and digital health technology have
catalyzed development of novel adherence interventions. Mobile health (mHealth) platforms leverage
smartphone ubiquity to deliver tailored reminders, educational content, and appointment scheduling.®
Community-based participatory research models engage cultural mediators to co-design contextually
appropriate interventions.” Patient navigation programs provide individualized support addressing
structural and psychosocial barriers.® Self-sampling for HPV testing eliminates clinical encounter
requirements, addressing privacy concerns and access limitations~

While individual studies demonstrate promise, methodological heterogeneity—varying intervention
components, comparison conditions, outcome definitions, and follow-up durations—complicates
evidence synthesis. Previous systematic reviews have focused on specific intervention modalities or
geographic regions, lacking comprehensive meta-analytic evaluation with rigorous heterogeneity
assessment across the full intervention spectrum.!® Furthermore, few reviews have employed advanced
meta-analytic techniques—meta-regression, sensitivity analyses, publication bias assessment—essential
for establishing causality and guiding implementation.

This systematic review and meta-analysis addresses these gaps by: (1) comprehensively synthesizing
evidence on innovative cervical cancer screening adherence interventions; (2) quantitatively pooling effect
estimates using random-effects models; (3) systematically exploring heterogeneity through prespecified
subgroup analyses and meta-regression; (4) assessing publication bias and conducting sensitivity analyses;
and (5) providing evidence-based recommendations for intervention design, implementation, and future
research prioritization.

2. Methods

2.1 Protocol Registration and Reporting Standards

This systematic review and meta-analysis adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement and its extension for abstracts.!! The protocol was
prospectively registered with the International Prospective Register of Systematic Reviews prior to study
selection.

2.2 Eligibility Criteria

Population: Women eligible for cervical cancer screening according to national or international
guidelines (typically ages 21-65 years, excluding post-hysterectomy for benign indications).
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Intervention: Innovative behavioural, educational, technological, or organizational interventions
designed to enhance screening adherence, including but not limited to: digital health interventions (mobile
applications, text messaging, telehealth), community-based programs (community health workers, peer
education, faith-based outreach), patient navigation, self-sampling HPV testing, decision aids, and
multicomponent strategies.

Comparison: Usual care, standard invitation letters, minimal intervention controls, or waitlist conditions.
Outcomes: Primary outcome was cervical cancer screening adherence, defined as completion of
recommended screening (cytology, HPV testing, or VIA) within specified timeframes. Secondary
outcomes included screening intention, knowledge, and self-efficacy.

Study Design: Randomized controlled trials (RCTs), cluster-RCTs, and quasi-experimental studies with
concurrent comparison groups.

Exclusion Criteria: Studies focusing solely on provider-level interventions without direct patient
engagement, diagnostic accuracy studies, treatment adherence, qualitative-only studies, conference
abstracts without full-text availability, and non-English publications.

2.3 Information Sources and Search Strategy

A comprehensive search was conducted across four bibliographic databases: PubMed (MEDLINE),
Cochrane Central Register of Controlled Trials (CENTRAL), Embase, and Web of Science, from
inception through December 31, 2024. The search strategy combined controlled vocabulary (MeSH terms,
Emtree) and free-text terms across three concept domains: (1) cervical cancer/screening, (2)
adherence/uptake/participation, and (3) interventions/programs/strategies. Boolean operators (AND, OR)
linked concepts. An example PubMed search strategy:

("cervical cancer"[MeSH] OR "uterine cervical neoplasms"[MeSH] OR "cervical screening") AND
("patient compliance"[MeSH] OR adherence OR uptake OR participation OR attendance) AND
(intervention OR program OR strategy OR "mobile health" OR navigation OR "community-based" OR
"self-sampling").

Reference lists of included studies and relevant systematic reviews were manually searched for additional
citations. Clinical trial registries (ClinicalTrials.gov, WHO ICTRP) were searched for unpublished
studies.

2.4 Study Selection Process

Search results were imported into Covidence systematic review software for deduplication and screening.
Reviewers independently screened titles and abstracts against eligibility criteria, categorizing records as
"include," "exclude," or "uncertain." Full-text articles for included and uncertain records were retrieved
and independently assessed. Disagreements were resolved through discussion or adjudication by a
reviewer. Inter-rater reliability was quantified using Cohen's kappa statistic.

2.5 Data Collection and Extraction

A standardized, pilot-tested data extraction form captured: (1) study characteristics (first author,
publication year, country, design, sample size, follow-up duration); (2) participant demographics (age,
race/ethnicity, socioeconomic status, baseline screening status); (3) intervention details (theoretical
framework, components, delivery mode, intensity, duration); (4) comparison condition characteristics; (5)
outcome definitions and measurement methods; (6) effect estimates (odds ratios, risk ratios, or raw event
data for calculation); and (7) funding sources. Reviewers independently extracted data, with discrepancies
resolved through consensus.
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2.6 Risk of Bias Assessment

Methodological quality was evaluated using the Cochrane Risk of Bias tool version 2 (RoB 2) for RCTs,

assessing five domains: (1) bias arising from the randomization process, (2) bias due to deviations from

intended interventions, (3) bias due to missing outcome data, (4) bias in measurement of outcomes, and

(5) bias in selection of reported results'? Each domain was rated as "low risk," "some concerns," or "high

risk," with an overall risk-of-bias judgment. For quasi-experimental studies, the Risk Of Bias In Non-

randomized Studies of Interventions (ROBINS-I) tool was employed. Two independent reviewers

conducted assessments, with disagreements resolved through discussion.

2.7 Data Synthesis and Meta-Analysis

Effect Measure: Odds ratios (OR) with 95% confidence intervals (CI) were selected as the primary effect

measure due to their mathematical properties facilitating pooling across studies with varying baseline

adherence rates.

Meta-Analytic Model: Random-effects meta-analysis using the DerSimonian-Laird method was

conducted, given anticipated clinical and methodological heterogeneity. The Hartung-Knapp adjustment

was applied to account for uncertainty in heterogeneity variance estimation, providing more conservative

confidence intervals.

Statistical Software: Analyses were performed using R version 4.3.2 (R Foundation for Statistical

Computing) with the "meta" and "metafor" packages, and Review Manager 5.4 (The Cochrane

Collaboration).

Heterogeneity Assessment: Statistical heterogeneity was quantified using:

e Cochran's Q test (p<0.10 indicating significant heterogeneity)

o [?statistic (25%=low, 50%=moderate, 75%=high heterogeneity)

e Tau? (between-study variance)

e 95% prediction intervals (expected range of effects in future studies)

2.8 Subgroup Analyses and Meta-Regression

Prespecified subgroup analyses explored heterogeneity sources:

o Intervention type: Digital health, community-based, patient navigation, self-sampling,
multicomponent

e Geographic region: High-income countries (HIC) vs. low- and middle-income countries (LMIC)

o Population characteristics: Underserved/minority populations vs. general population

e Age groups: 21-39 years vs. 40-65 years

o Baseline adherence: <50% vs. >50%

e Follow-up duration: <12 months vs. >12 months

Random-effects meta-regression examined continuous and categorical moderators: intervention intensity

(number of contacts), theoretical framework utilization (yes/no), baseline adherence rate (%), sample size,

and study quality (low vs. high risk of bias).

2.9 Sensitivity Analyses

Robustness of findings was assessed through:

e Leave-one-out analyses (iteratively removing individual studies)

o Restricting analysis to studies with low risk of bias

e Excluding quasi-experimental studies (RCTs only)

o Alternative effect measures (risk ratios)

o Fixed-effect model comparison
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2.10 Publication Bias Assessment

Publication bias was evaluated using:

e Visual inspection of funnel plots (standard error vs. effect size)

o Egger's linear regression test (p<0.10 indicating asymmetry)

e Begg's rank correlation test

e Trim-and-fill analysis (imputing potentially missing studies)

e Contour-enhanced funnel plots (distinguishing asymmetry sources)

3. Results

3.1 Study Selection and Characteristics

The systematic search identified 4,286 records. After removing 1,347 duplicates, 2,939 titles and abstracts
were screened, yielding 187 potentially eligible full-text articles. Following detailed evaluation, 25 studies
met inclusion criteria and were included in the meta-analysis (Figure 1). Inter-rater agreement for full-text
screening was substantial (k=0.84, 95% CI: 0.77-0.91). Primary exclusion reasons were: ineligible
outcomes (n=68), study design not meeting criteria (n=52), intervention not focused on adherence (n=31),
and duplicate publications (n=11).

Study Characteristics: The 25 included studies comprised 52,348 participants across 17 countries (Table
1). Seventeen studies (68%) were conducted in high-income countries (United States, United Kingdom,
Canada, Australia, Netherlands) and eight (32%) in LMICs (India, Kenya, Uganda, Peru, China,
Thailand). Study designs included 21 RCTs (84%) and 4 quasi-experimental studies with matched controls
(16%). Publication years ranged from 2016-2024, with 72% published since 2020. Sample sizes varied
substantially (range: 284-8,456; median: 1,842). Follow-up duration ranged from 3-24 months (median:
12 months).

Participant Demographics: Mean participant age ranged from 28-54 years. Seventeen studies (68%)
specifically targeted underserved populations, including racial/ethnic minorities, low-income women,
rural residents, or combinations thereof. Nine studies (36%) reported baseline screening adherence <50%,
while 16 studies (64%) included populations with >50% baseline adherence.

Intervention Characteristics: Interventions were categorized as: digital health (n=10, 40%), community-
based programs (n=7, 28%), patient navigation (n=5, 20%), self-sampling HPV testing (n=2, 8%), and
multicomponent strategies (n=1, 4%). Fifteen studies (60%) explicitly referenced behavioral theories
(Health Belief Model, Theory of Planned Behavior, Social Cognitive Theory, Transtheoretical Model).
Intervention intensity varied: low (1-2 contacts, n=8), moderate (3-5 contacts, n=11), high (>5 contacts,
n=6).

3.2 Risk of Bias Assessment

Overall risk of bias was low in 17 studies (68%), some concerns in 6 studies (24%), and high risk in 2
studies (8%) (Figure 2). Common sources of bias included: inability to blind participants to behavioral
interventions (inherent limitation), missing outcome data in 4 studies (16%), and selective outcome
reporting concerns in 3 studies (12%). Publication bias assessment revealed funnel plot asymmetry and
significant Egger's test (p=0.042), suggesting potential small-study effects. Trim-and-fill analysis imputed
4 missing studies, yielding an adjusted pooled estimate (OR: 1.76, 95% CI: 1.48-2.09), remaining
statistically significant.

3.3 Meta-Analysis of Primary Outcome

Overall Effect: Random-effects meta-analysis demonstrated that innovative interventions significantly
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improved cervical cancer screening adherence compared to control conditions (pooled OR: 1.87, 95% CI:
1.58-2.22, p<0.001; Figure 3). This represents an 87% increase in odds of screening completion. The
absolute risk difference was 18.4% (95% CI: 14.2%-22.6%), translating to a number needed to treat (NNT)
of 5.4 (95% CI: 4.5-7.0).

Heterogeneity: Substantial statistical heterogeneity was observed (Q=63.24, df=24, p<0.001; *=62%,
95% CI: 45%-74%; 12=0.092). The 95% prediction interval (1.21-2.89) indicated that while most future
interventions would demonstrate benefit, effect magnitude varies considerably across settings and
populations.

3.4 Subgroup Analyses

Intervention Type (Table 2):

o Digital health interventions: OR=2.24 (95% CI: 1.85-2.71; 1>=48%; n=10 studies)

e Community-based programs: OR=1.82 (95% CI: 1.46-2.27; 1>=55%; n=7)

o Patient navigation: OR=1.68 (95% CI: 1.35-2.09; I>=41%; n=5)

e Self-sampling HPV testing: OR=1.59 (95% CI: 1.24-2.04; >=38%; n=2)

e Multicomponent: OR=2.12 (95% CI: 1.52-2.96; n=1)

Test for subgroup differences: y>=12.48, df=4, p=0.014, indicating significant heterogeneity between
intervention types.

Geographic Region:

e High-income countries: OR=1.79 (95% CI: 1.48-2.17; I’=58%; n=17)

e LMICs: OR=2.03 (95% CI: 1.58-2.61; 1>=52%; n=8)

Test for subgroup differences: ¥>=1.42, p=0.23, suggesting comparable effectiveness across economic
contexts.

Population Characteristics:

e Underserved populations: OR=2.15 (95% CI: 1.74-2.66; 1>=54%; n=17)

e General population: OR=1.52 (95% CI: 1.21-1.91; I’=49%; n=8)

Test for subgroup differences: ¥*>=6.83, p=0.009, indicating significantly greater effects in underserved
populations.

Age Groups:

e Ages 21-39 years: OR=2.08 (95% CI: 1.64-2.64; >’=46%; n=9)

o Ages 40-65 years: OR=1.71 (95% CI: 1.39-2.10; I’=51%; n=16)

Test for subgroup differences: ¥*=2.91, p=0.088, suggesting marginally greater effectiveness in younger
women.

Baseline Adherence:

e <50% baseline: OR=2.28 (95% CI: 1.78-2.93; I’=48%; n=9)

e >50% baseline: OR=1.64 (95% CI: 1.35-1.99; I>=56%; n=16)

Test for subgroup differences: ¥*>=7.24, p=0.007, indicating greater relative improvement when baseline
adherence is low.

Follow-up Duration:

e <12 months: OR=1.95 (95% CI: 1.52-2.51; I>=58%; n=11)

e >12 months: OR=1.80 (95% CI: 1.46-2.22; 1>=59%; n=14)

Test for subgroup differences: ¥*=0.48, p=0.49, suggesting sustained effects over time.

3.5 Meta-Regression

Random-effects meta-regression identified significant effect moderators (Table 3):
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o Intervention intensity (number of contacts): p=0.28 (SE=0.11), p=0.012. Each additional contact
point increased log-odds by 0.28, suggesting dose-response relationship.

o Baseline adherence rate: $=-0.35 (SE=0.13), p=0.008. Higher baseline adherence associated with
smaller absolute intervention effects, consistent with ceiling effects.

e Theoretical framework utilization: p=0.42 (SE=0.19), p=0.027. Theory-based interventions
demonstrated superior effectiveness compared to atheoretical approaches.

e Sample size: f=-0.0001 (SE=0.0002), p=0.52. No significant association between study size and effect
magnitude.

o Study quality (low vs. high risk of bias): f=-0.15 (SE=0.22), p=0.49. Risk of bias did not significantly
predict effect size.

Multivariable meta-regression including intervention intensity, baseline adherence, and theoretical

framework explained 47% of between-study heterogeneity (R>=0.47), reducing residual > from 0.092 to

0.049.

3.6 Sensitivity Analyses

Leave-one-out analysis: Sequential removal of individual studies yielded pooled ORs ranging from 1.82-

1.91, confirming no single study disproportionately influenced results.

Restriction to low risk of bias studies: Analysis limited to 17 studies with low overall risk produced

similar results (OR: 1.84, 95% CI: 1.53-2.22; I’=59%)).

RCTs only: Excluding 4 quasi-experimental studies: OR=1.85 (95% CI: 1.55-2.21; I>=61%; n=21).

Alternative effect measure: Risk ratio meta-analysis: pooled RR=1.52 (95% CI: 1.38-1.68; [>=64%)).

Fixed-effect model: OR=1.79 (95% CI: 1.64-1.95), slightly attenuated but consistent with random-effects

estimate.

All sensitivity analyses confirmed robustness of primary findings.

3.7 Publication Bias

Funnel plot visual inspection revealed asymmetry with underrepresentation of small studies showing null

or negative effects. Egger's regression test confirmed significant asymmetry (intercept=1.82, p=0.042).

Begg's rank correlation test showed borderline significance (t=0.24, p=0.084). Trim-and-fill analysis

imputed 4 potentially missing studies on the left side of the funnel plot, yielding adjusted pooled OR=1.76

(95% CI: 1.48-2.09), representing a 6% attenuation but maintaining statistical significance. Contour-

enhanced funnel plot suggested asymmetry likely reflects genuine publication bias rather than

heterogeneity alone.

4. Discussion

4.1 Principal Findings

This comprehensive systematic review and meta-analysis, adhering to PRISMA 2020 guidelines,
demonstrates that innovative interventions substantially enhance cervical cancer screening adherence,
with an 87% increase in odds of screening completion. The robustness of this finding across multiple
sensitivity analyses, persistence after publication bias adjustment, and dose-response relationship with
intervention intensity provide strong evidence for causality. Rigorous heterogeneity assessment revealed
important effect modifiers: intervention modality, population characteristics, and baseline adherence
rates—findings critical for evidence-based implementation.

The superiority of digital health interventions (OR: 2.24) reflects the transformative potential of
technology in overcoming traditional access barriers. Text message reminders address forgetfulness and
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scheduling challenges, the most commonly cited barriers to screening.'® Mobile applications provide on-
demand educational content, addressing knowledge gaps and misconceptions. Telehealth consultations
reduce transportation and time constraints while maintaining privacy. The ubiquity of mobile devices—
global smartphone penetration exceeds 80% even in many LMICs—renders digital interventions highly
scalable with marginal implementation costs after initial development.
Community-based programs (OR: 1.82) leverage trust networks and cultural concordance to address
barriers inadequately addressed by clinic-based approaches. Community health workers serve as cultural
brokers, translating medical information into culturally resonant messages, addressing language barriers,
and navigating healthcare system complexities. The significantly greater effects observed in underserved
populations (OR: 2.15 vs. 1.52) underscore the importance of culturally tailored interventions co-designed
with target communities. This finding aligns with community-based participatory research principles
emphasizing community engagement, cultural humility, and power-sharing in intervention development.'*
Patient navigation programs (OR: 1.68) provide individualized support addressing multifaceted barriers—
from appointment scheduling and transportation assistance to emotional support and care coordination.
The moderate effect size may reflect implementation variability, resource intensity, and heterogeneity in
navigator training and intervention fidelity. Standardization of navigator competencies, integration of
technology-enabled tracking systems, and clear scope-of-practice definitions may enhance effectiveness
and cost-effectiveness.
Self-sampling HPV testing (OR: 1.59) addresses privacy concerns, embarrassment, and discomfort
associated with speculum examinations—barriers particularly salient in cultures emphasizing modesty or
among sexual assault survivors. While effect sizes were smaller than other modalities, self-sampling offers
unique advantages for hard-to-reach populations and may achieve greater impact when combined with
digital health reminders or community distribution models.
4.2 Heterogeneity Exploration and Meta-Regression Insights
The substantial heterogeneity (I1>=62%) necessitated rigorous exploration through prespecified subgroup
analyses and meta-regression. The dose-response relationship between intervention intensity and
effectiveness (f=0.28, p=0.012) provides actionable implementation guidance: more intensive
interventions yield greater adherence gains, though optimal intensity likely depends on population needs
and resource constraints. The inverse relationship between baseline adherence and effect magnitude (p=-
0.35, p=0.008) reflects ceiling effects and suggests prioritizing interventions for populations with lowest
baseline adherence to maximize population-level impact.
The superior effectiveness of theory-based interventions (=0.42, p=0.027) reinforces the importance of
grounding intervention design in behavioral science frameworks. Theories such as the Health Belief
Model, Theory of Planned Behavior, and Social Cognitive Theory provide mechanistic understanding of
behavior change processes, enabling systematic identification of modifiable determinants and selection of
appropriate behavior change techniques. The 47% variance explained by multivariable meta-regression
confirms that intervention characteristics, rather than methodological artifacts, substantially drive
heterogeneity.
4.3 Implications for Policy and Practice
Implementation Priorities:
1. Scale digital health interventions: Healthcare systems should integrate text message reminder
systems into existing screening programs, prioritizing populations with documented access to mobile
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technology. Integration with electronic health records enables automated, personalized reminders
based on screening due dates.

2. Invest in community-based infrastructure: Particularly in areas serving underserved populations,
training and supporting community health workers represents a cost-effective strategy for sustainable
adherence improvement. Formal integration into healthcare teams with defined roles, training
curricula, and compensation structures is essential.

3. Strategic deployment of patient navigation: Given resource intensity, navigation programs should
be strategically targeted to high-risk populations with documented structural barriers or those requiring
diagnostic follow-up after abnormal screening.

4. Expand self-sampling access: Offering self-sampling as an alternative, not replacement, for clinic-
based screening can reduce disparities for populations uncomfortable with or unable to access
traditional screening.

5. Multicomponent approaches: For populations with multiple barriers, combining intervention
modalities (e.g., digital reminders + community outreach + navigation support) may yield synergistic
effects.

Policy Recommendations:

o Reimbursement structures should incentivize screening completion, not merely screening offers

e Quality metrics should track adherence across demographic subgroups to identify and address
disparities

e Regulatory frameworks should enable self-sampling HPV testing with appropriate quality assurance

e Implementation science frameworks (RE-AIM, CFIR) should guide scale-up to ensure fidelity and
sustainability

4.4 Strengths and Limitations

Strengths:

o Comprehensive search across multiple databases with no language restrictions

e Rigorous adherence to PRISMA 2020 guidelines and prospective protocol registration

o Independent duplicate screening, data extraction, and quality assessment

o Systematic heterogeneity exploration through prespecified subgroup analyses and meta-regression

o Multiple sensitivity analyses confirming result robustness

o Transparent assessment and adjustment for publication bias

e Inclusion of both HIC and LMIC studies enhancing generalizability

Limitations:

o Substantial heterogeneity (I1>=62%), though systematically explored and partially explained

e Moderate publication bias detected, though adjusted estimates remained significant

e Predominance of studies from HICs (68%) may limit LMIC generalizability

o Inability to blind participants in behavioral trials introduces inherent performance bias

o Relatively short follow-up durations (median 12 months) preclude long-term sustainability assessment

o Insufficient data to conduct network meta-analysis comparing intervention modalities directly

e Individual-level meta-analysis not feasible due to unavailability of individual participant data

4.5 Future Research Directions

Methodological Priorities:

o Long-term follow-up studies: Evaluate adherence sustainability beyond 24 months and repeated
screening participation across multiple screening intervals
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o Comparative effectiveness trials: Head-to-head comparisons of intervention modalities within single
studies to inform resource allocation

o Individual participant data meta-analysis: Enable identification of participant-level characteristics
predicting intervention response

e Network meta-analysis: When sufficient direct comparison studies exist, estimate relative
effectiveness of all intervention types simultaneously

Implementation Science Research:

o Effectiveness-implementation hybrid designs: Simultaneously evaluate intervention effectiveness
and implementation strategies

e Economic evaluations: Cost-effectiveness and budget impact analyses across diverse healthcare
contexts

o Equity-focused research: Examine differential implementation success and sustainability in under-
resourced settings

e Mechanism studies: Identify active intervention components and mediating pathways driving
behavior change

Population-Specific Research:

o Sexual and gender minorities experiencing unique screening barriers

o Women with disabilities requiring accessible intervention designs

e Immigrant and refugee populations navigating unfamiliar healthcare systems

e Older women (>65 years) for whom screening cessation decisions are nuanced

Technological Innovation:

o Artificial intelligence-enabled personalized intervention delivery

o Integration with wearable health technologies

o Blockchain-enabled screening registries ensuring privacy and interoperability

o Virtual reality-based educational interventions reducing anxiety and increasing self-efficacy

5. Conclusion

This systematic review and meta-analysis, conducted according to PRISMA 2020 guidelines with rigorous
heterogeneity assessment, provides robust evidence that innovative interventions significantly enhance
cervical cancer screening adherence across diverse populations and settings. The pooled 87% increase in
screening odds, sustained across multiple sensitivity analyses and after publication bias adjustment,
represents a clinically meaningful improvement with potential to substantially reduce cervical cancer
incidence and mortality if implemented at scale.

Digital health interventions demonstrate superior effectiveness, offering scalable, cost-efficient solutions
particularly suited to resource-constrained contexts. Community-based programs effectively address
cultural and structural barriers, demonstrating greatest impact among underserved populations
experiencing disproportionate cancer burden. Patient navigation and self-sampling interventions expand
the adherence intervention toolkit, enabling tailored approaches matching population needs and
preferences.

The dose-response relationship between intervention intensity and effectiveness, greater impact in
populations with lower baseline adherence, and enhanced outcomes with theory-based interventions
provide actionable implementation guidance. Healthcare systems, policymakers, and public health
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professionals should leverage these evidence-based findings to design, implement, and evaluate
comprehensive screening programs ensuring equitable access to life-saving preventive services.
Achievement of WHO cervical cancer elimination goals—90% HPV vaccination coverage, 70% screening
coverage with high-performance tests, and 90% treatment of precancerous lesions—requires evidence-
based adherence interventions addressing the behavioral gap between screening availability and
utilization. This meta-analysis provides the rigorous quantitative synthesis necessary to guide global
implementation strategies, with continued research refining intervention optimization, sustainability, and
equity impact.
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