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Abstract 

Background To identify effective interventions to increase the uptake of cervical cancer screening (CCS) for low‑and 
middle‑income countries (LMICs).

Methods We searched PubMed, CENTRAL, ISI Web of Sciences, Scopus, OVID (Medline), CINAHL, LILACS, CNKI and 
OpenGrey for randomized controlled trials (RCTs) and cluster RCTs conducted in LMICs from January 2000 to Sep‑
tember 2021. Two reviewers independently screened studies, extracted data, assessed risk of bias and certainty of 
evidence. Meta‑analyses with random‑effects models were conducted for data synthesis.

Results We included 38 reports of 24 studies involving 318,423 participants from 15 RCTs and nine cluster RCTs. 
Single interventions may increase uptake of CCS when compared with control (RR 1.47, 95% CI 1.19 to 1.82). Self‑
sampling of Human Papillomavirus (HPV) testing may increase uptake of CCS relative to routine Visual Inspection 
with Acetic Acid (RR 1.93, 95% CI 1.66 to 2.25). Reminding with phone call may increase uptake of CCS than letter (RR 
1.72, 95% CI 1.27 to 2.32) and SMS (RR 1.59, 95% CI 1.19 to 2.13). Sending 15 health messages may increase uptake of 
CCS relative to one SMS (RR 2.75, 95% CI 1.46 to 5.19). Free subsidized cost may increase uptake of CCS slightly than 
$0.66 subsidized cost (RR 1.60, 95% CI 1.10 to 2.33). Community based HPV test may increase uptake of CCS slightly in 
compared to hospital collected HPV (RR 1.67, 95% CI 1.53 to 1.82). The evidence is very uncertain about the effect of 
combined interventions on CCS uptake relative to single intervention (RR 2.20, 95% CI 1.54 to 3.14).

Conclusions Single interventions including reminding with phone call, SMS, community self‑sampling of HPV test, 
and free subsidized services may enhance CCS uptake. Combined interventions, including health education interven‑
tions and SMS plus e‑voucher, may be better than single intervention. Due to low‑certainty evidences, these findings 
should be applied cautiously.
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Background
Although cervical cancer is a largely preventable disease, 
it is one of the leading causes of cancer death of women 
worldwide [1]. According to the Global Cancer Observa-
tory (GLOBOCAN) 2020, cervical cancer is the fourth 
commonest cancer both in incidence and mortality in the 
world with an estimated 604,127 new cases in 2020, rep-
resenting 6.5% of all female cancers. Annually, 311,365 
women worldwide died from cervical cancer, which is 
equivalent to three deaths every five minutes. Approxi-
mately 90% of these deaths occurred in low- and middle-
income countries (LMICs) [2].

Almost all of these deaths could be prevented through 
universal access to comprehensive cervical cancer pre-
vention and control programs: human papillomavirus 
(HPV) immunization for all girls aged 9 to 13; cervical 
cancer screening and treatment of pre-cancerous lesions 
for all women with effective health education and com-
munity mobilization; and treatment of invasive cancer [1, 
3]. Immunization alone could achieve the cervical can-
cer elimination target; however, the additional of twice-
lifetime screening could accelerate the elimination by 
11–31 years [4].

The majority of cervical cancer can be avoided by 
screening all women in the target age group for precan-
cerous cervical lesions and treating those with positive 
test appropriately. Unfortunately, there are significant 
differences between the uptake of cervical cancer screen-
ing (CCS) among the countries [1, 3]. While the rates of 
CCS in high income countries (HICs) were high—more 
than 70% in the United Kingdom (2019) [5] and 83% in 
the United States (2015) [6] —those rates in LMICs were 
very low—20.9% in Ethiopia (2017) [7] and less than 1% 
in Myanmar (2018) [8].

In May 2018, the Director-General of  the WHO 
announced a global call to action towards the elimination 
of cervical cancer. To eliminate cervical cancer as a public 
health problem globally, all countries must work towards 
an incidence below 4 per 100,000 women. Therefore, 
WHO developed and launched a global strategy to elimi-
nate cervical cancer in November 2020, with interim tar-
gets (90–70-90) for the period 2020–2030. These targets 
include 90% coverage of HPV vaccination, 70% coverage 
of CCS, 90% coverage of the management of pre-cancers 
and treatment of cervical cancers [3].

One of the major challenges to having an effective CCS 
is the uptake of the services by women. Given the com-
plexities of the diverse contexts and the various reasons 
why women did not uptake the screening service, it is 
difficult to analyze the situation and to determine the 
most effective interventions. Numerous interventions are 
designed to increase the uptake of CCS services. On the 
basis of the targeted population, these interventions can 

be divided into three groups: health providers, commu-
nity, and women.

Various single intervention or combined interventions 
targeted to both health providers and community could 
encourage women to undergo CCS. Outreach visits, 
community mobilization, health education and coun-
seling are potential components of an effective cervical 
cancer prevention and control program to ensure high 
screening coverage. Outreach strategies must reach and 
engage different stakeholders and community including 
women. Community mobilization and health educa-
tion are crucial to increase awareness/knowledge and 
to overcome the challenges that impede access to and 
uptake of screening services. Counseling services are 
more effective to raise the women perception and utili-
zation of the services but needs resources, private room, 
skilled health personnel and time. Training to health 
care providers could improve the interpersonal com-
munication with community, sharing the important key 
message and encourage utilization the services [1].In 
addition, the interventions which were mainly applica-
ble in HICs like invitation, reminding with calls or text 
message were somehow effective through arouse their 
memories and encouragement their motivation [9]. Self-
sampling could also help to remove potential barriers 
for women participating in screening programs, such as 
fear of discomfort during pelvic examination, shyness 
and concerns with privacy. However, depends on the 
different interventions in different contexts, the effec-
tiveness to increase the women’s uptake of the screening 
services may vary [9, 10]. Studies conducted in LMICs 
also revealed that there were different interventions with 
varying effect sizes. For instant, counseling with motiva-
tional interview in Iran [11], reminding with phone call 
in Malaysia [12] and self-sampling HPV testing in Ethio-
pia [13] showed the promising effects to increase uptake 
of cervical screening in LMICs.

Although the establishment of systematic, functioning, 
and effective screening program is essential for cervical 
cancer control program, it is also tremendously important 
to increase the uptake the screening services by women 
where services are available. Consequently, there is a need 
to identify the effective interventions to increase the uptake 
of screening services especially for LMICs where the 
majority of disease burden is greatest. A Cochrane review 
was conducted to evaluate all the interventions targeted 
at women who were eligible for screening such as invita-
tion, reminders, education, message framing, counseling, 
risk factor assessment, procedures and economic [9]. 
Non-Cochrane reviews were also conducted to identify 
the effects of cervical cancer education and provider’s rec-
ommendation [10]; the nurse led interventions for all can-
cer early detection uptake rate [14], and the interventions 
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to improve the cervical cancer screening uptake amongst 
young women [15]. These reviews, however, focused 
mainly on interventions which were used in HICs; there-
fore, the findings may not be applicable to LMICs. Also, 
other Cochrane reviews for interventions targeted at health 
professionals were the effects on professional practices 
and health care outcomes, not for the effects to increase 
the uptake of CCS [16, 17]. Moreover, there was no sys-
tematic review of the interventions to increase uptake of 
CCS targeted at both health care providers and women in 
LMICs. Therefore, this systematic review was conducted 
to evaluate the effectiveness and harms of the interventions 
targeted at health personnel, women or communities to 
increase the uptake of CCS in LMICs.

Methodology
This systematic review has been registered in the Pro-
spective Register of Systematic Reviews (PROSPERO) 
(https:// www. crd. york. ac. uk/ prosp ero) with the registra-
tion number of CRD42020184354.

Criteria for considering studies for this review
Types of studies
We included randomized controlled trials (RCTs) and 
cluster randomized controlled trials conducted in LMICs 
based on current World Bank classifications [18], as well 
as studies published in all languages from  1st Jan 2000 
to  30th September 2021 since HPV DNA test for public 
health use as well as population based cervical cancer 
screening program in LMICs were common after 2000 
[19, 20], and the results of the studies in last 20 years ago 
might not be relevant for current practice.

Types of participants
Any health care providers or women who have not 
recently tested for cervical cancer screening or have not 
been diagnosed with positive screening test and cervical 
cancer or community in LMICs were included.

Type of interventions
Any single or combined interventions to motivate health 
care providers, women, and communities for increasing 
the uptake of CCS were considered. The standard/routine 
care or control groups were used as defined by authors. 
We grouped the interventions based on single interven-
tion or combined intervention; in which more than one 
intervention was intervened together. Then, we classified 
as sub-group according to the type of interventions such 
as counseling, health education, reminding, invitation, 
messaging, economic intervention (e.g. subsidized cost), 
and procedures (e.g. HPV test, Visual Inspection with 
acetic acid (VIA) test, etc.)

Types of outcome measures
Primary outcomes are uptake of cervical cancer screen-
ing services and harms (e.g. social stigma, stress or anxi-
ety, unnecessary interventions). Secondary outcomes 
consist of willingness to get cervical cancer screening, 
knowledge of screening, attitudes toward screening, sat-
isfaction with screening service, and cost effectiveness of 
the interventions.

Search methods for identification of studies
We performed searching for potential included studies 
from both electronic databases and other resources from 
 1st Jan 2000 to  30th September 2021. A search strategy 
based on the criteria for considering included studies was 
developed and conducted searching for PubMed, Central, 
ISI Web of Sciences, Scopus, OVID (Medline), CINAHL, 
LILACS, China National Knowledge Infrastructure 
(CNKI) and Open Grey (Supplementary Table S1). For 
databases other than MEDLINE, we adapted the search 
strategy accordingly. The references of included studies 
and any relevant systematic reviews were checked for fur-
ther references to relevant trials.

Data collection and analysis
Selection of studies
All the titles and abstracts retrieved from electronic 
database searches were imported to Mendeley soft-
ware. Then, search results were merged and identified 
duplicates. After removing the duplicates, the remain-
ing titles and abstracts were screened independently by 
two reviewers using Covidence [21] and Rayyan [22]. 
Then, the full text of potentially relevant studies was 
reviewed independently by two reviewers using the pre-
specified eligibility criteria. Any discrepancies between 
two reviewers were resolved through discussion, how-
ever, if there were still disagreements, the third reviewer 
was asked to make a consensus. PRISMA flow diagram 
was used to illustrate the study selection process [23]. 
References of all included, excluded, ongoing and await-
ing classification studies were presented in the appendix 
(Supplementary Tables S2, S3, and S4 respectively).

Data extraction and management
Data were extracted independently by two reviewers 
onto a data abstraction form specially designed for the 
review. Differences between reviewers were resolved by 
discussion and invited the third reviewer to resolve the 
disagreements when needed. For included trials, the fol-
lowing information were extracted: author; year of pub-
lication and language; country; setting; inclusion and 
exclusion criteria; study design; methodology; study 
population; number of intervention groups; interven-
tion details; control details; outcomes were extracted. 

https://www.crd.york.ac.uk/prospero
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For dichotomous outcomes, numbers of women in each 
intervention who took screening and who responded 
for willingness as well as the number of women assessed 
at endpoint were extracted. For the continuous out-
comes we extracted as mean and standard deviation and 
number of participants. For the cost effectiveness, we 
extracted the exact value. We made personal contact to 
trial authors in relevant fields of study when we needed 
clarification. Data extraction from multiple reports of 
the same study were collated and were handled following 
Cochrane handbook [24].

Assessment of risk of bias of the included studies
Two reviewers independently assessed the risk of bias of 
the included studies using the Cochrane Risk of Bias tool 
version 1.0 (ROB 1.0) for Randomized Controlled Trials 
and Cluster Randomized Controlled Trials [24]. Differ-
ences between two reviewers were resolved by discussion, 
if necessary, the third reviewer were asked to resolve 
the disagreements. Each study was assessed either as 
“low”, “unclear” or “high” risk for the domains of random 
sequence generation; allocation concealment; blinding of 
participants and personnel; blinding of outcome assess-
ment; incomplete outcome data; selective reporting of 
outcomes; and other potential sources of bias as described 
in Cochrane Handbook (2019) [24]. For cluster-rand-
omized trials, additional domains of recruitment bias; 
baseline imbalance; loss of clusters; incorrect analysis; and 
comparability with individually randomized trials were 
also assessed either as “low”, “unclear” or “high” risk [24].

Data analysis

Measures of treatment effect
For dichotomous outcomes, we estimated a risk ratio 
(RR) with their 95% confidence intervals (CIs) for both 
individual and cluster randomized studies. For continu-
ous outcomes, we identified two outcomes: willingness 
score and knowledge score. Of these two outcomes, we 
estimated mean difference (MD) when the outcomes 
from different studies measured with same scale and 
standardized mean difference (SMD) when the outcomes 
from different studies were measured with different 
scales, along with 95% CIs.

Assessment of heterogeneity
Forest plot was used for visual exploration of variation 
between studies results. Chi-squared test and  I2 statistic 
were used to determine the statistical heterogeneity among 
the results of included studies. We regarded as substantial 
heterogeneity if the p-value from Chi-squared test was less 
than 0.1 and the  I2 statistic was greater than 50% [25].

Data synthesis
We performed meta-analysis using a random-effects model 
to combine treatment effects from included studies. We did 
not combine treatment effect between included studies if 
the type of intervention and control were different across 
trials. To avoid double counting in pool estimates for the 
trials with more than two intervention arms, the number 
of events and total participants from same control or com-
parator group were divided for each comparison.

For cluster randomized trials, unit of analysis was clus-
ter instead of individuals. Thus, summary statistics (for 
dichotomous outcome: number of events with sample 
size of each group, for continuous outcome: sample size 
of each group) were adjusted using the intra-cluster cor-
relation coefficient (ICC). ICCs were not reported in all 
original trials, therefore, an external estimate of the ICC 
with an equivalence of 0.0295 based on Hade (2010) was 
used to inflate the variance of the effect estimate to all 
included cluster RCTs [26].

All statistical analyses were done using Review Man-
ager 5 [27]. The results from random-effects models were 
presented in forest plots as the average treatment effects 
with 95% CIs.

Subgroup analysis
Subgroup analyses were conducted to investigate the 
sources of heterogeneities. We carried out subgroup analy-
ses in terms of type of intervention, study setting (commu-
nity based/hospital based), region, publication years.

Sensitivity analysis
We performed sensitivity analyses by excluding studies 
with more than two domains of high risk of bias to deter-
mine robustness of the evidence.

Assessment of reporting bias
Funnel plot was carried out to investigate reporting bias 
for the uptake of cervical cancer screening outcome for 
comparison 1.

Summary of findings and assessment of the certainty 
of the evidence
The overall certainty of the evidence was assessed by two 
independent reviewers for primary outcome and second-
ary outcomes including willingness to get cervical cancer 
screening and knowledge of screening using Grading of 
Recommendations, Assessment, Development and Evalua-
tion (GRADE) Quality Assessment Checklist [28]. The level 
of the certainty of the evidence was graded as “high”, “mod-
erate”, “low” and “very low”, based on study design, risk 
of biases, consistency of effect, imprecision, indirectness 
and publication bias. We defined the post-hoc criteria for 
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adequate precision at 15% of relative risk reduction (RRR) 
for binary outcomes, and at 2 of minimally important dif-
ference (MID) for continuous outcomes using SMD.

Reporting
The reporting of this systematic review is guided by the 
PRISMA 2020 checklist (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses) [29]. (Supplementary 
Table S5).

Results
Results of the search
The study selection process is displayed with PRISMA 
flowchart in Fig. 1. After thorough searching, 8566 reports 
were found from electronic database searches and 16 
reports were identified from other sources. After remov-
ing the duplicates, 3916 reports were screened for title 
and abstracts. Of these, 3777 reports that did not meet the 
inclusion criteria were excluded. 139 articles were retrieved 
in full text to review for eligibility. After reviewing the full 
text, sixty-eight reports were excluded because they did not 

meet inclusion criteria (study setting (32 reports), study 
design (23 reports), population (10 reports)) and three 
duplicate reports. Additionally, 30 ongoing studies and 
3 studies awaiting classification were not included in the 
review (Supplementary Table S4). Finally, 38 reports of 24 
studies involving 318,423 participants were included in this 
review (Supplementary Table S2).

Characteristics of included studies
All 24 studies were published in peer-reviewed journals 
except one study, which was found as an abstract on a 
website [30]. The full text of two included studies could not 
be obtained [30, 31] (Supplementary Table 3). Only three 
studies were published between 2000 to 2010 [32–34], 
while the rest were published between 2011 to 2021.

Setting
Among the 24 included studies, three studies each were 
from Iran, Malaysia, Nigeria and Turkey; two studies 
each were from Ethiopia, India, Kenya, South Africa and 
Uganda; one study each from Cameroon and Tanzania.

Fig. 1 PRISMA diagram
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Study design
Regarding the study design, 15 studies were RCTs and 
nine studies were cluster RCTs. 10 studies were con-
ducted at community-based setting including school, 
health insurance organization and training center; nine 
studies were conducted in hospital or clinic or health 
center; and five studies were conducted to compare the 
community based with hospital based setting.

Participants
Age of the participants varied among the studies with the 
range of 18 to 65. There was a wide range of sample sizes 
across the included studies, ranging from fewer than 100 
women in individual RCTs [11, 35] to 147,829 [33] and 
152,010 women [34] in cluster RCTs.

Interventions and comparisons
There were five main types of interventions. We found 13 
studies used counseling or health education [11, 30, 32–42]; 
two studies used reminding or invitation [12, 43], three 
studies used messaging [44–46]; five studies used proce-
dure (self-sampling HPV test) [13, 31, 47–49]; and one 
study for subsidized cost intervention [50] (Supplementary 
Table S6). It was remarkably noted that the interventions 
in all studies were targeted at the women and there was no 
intervention targeted at community or health providers. 
The details of interventions were displayed in Table 1.

In terms of control, there were standard cares or rou-
tine/usual care or no intervention such as routine health 
education, basic health education, standard screen-
ing, routine VIA services, and usual postal letter for 
reminder. In some trials, the control was defined by 
authors as control intervention to compare the specific 
interventions for that trial such as neutral-framed mes-
sage and invitation only. The specific intervention which 
was not performed in routine care and was not classified 
as control by authors was not considered as control.

The following comparisons were made in this review: 
1) One single intervention versus standard/ routine care/
no intervention, 2) A single intervention versus a differ-
ent single intervention, and 3) Combined interventions 
versus a single method of intervention. However, there 
was no comparison of 1) combined interventions versus 
control, and 2) combined interventions versus the other 
combined interventions.

Risk of biases in included studies
Figure 2 shows both risk of bias summary graphs and risk 
of bias graphs of included studies which were separately 
presented according to study design, RCTs and cluster 
RCTs. There was high proportion of unclear risk of bias 
in allocation concealment domain because most of the 
studies did not mention about it (Fig.  2A and B). Some 

unclear risk of biases was found in random sequence gen-
eration domain and two domains of blinding from RCTs 
and cluster RCTs. It was remarkably noted that there was 
high proportion of high risk of bias in incorrect analy-
sis for cluster RCTs because clustering effects were not 
adjusted (Fig.  2B). Supplementary Table S7 shows the 
summary details for each included study.

Effects of interventions
Among the 24 included studies, 18 studies were included 
in meta-analysis for the primary outcome of the uptake 
of CCS. Two studies did not measure the primary out-
come [37, 40] and the other two studies [33, 34] meas-
ured in the intervention arm only. One study reported 
the change (%) in uptake with no actual numbers [30] and 
one study did not measure any outcomes of interest of 
this systematic review [35].

The secondary outcome of willingness to get CCS was 
reported in four studies. However, only three studies were 
included in data analysis because one study [34] measured 
the willingness only in the intervention arm. Regarding 
the knowledge score, five studies reported this outcome; 
however, one study was excluded from analysis due to its 
very low mean and high SD [11]. Two studies reported the 
attitude score; one study had very low mean and SD [11] 
and one study [42] reported lower score as the better atti-
tude. Therefore, meta-analysis for attitude score could not 
be performed. For continuous outcome of willingness to 
get CCS, although two studies reported this outcome, only 
one study [36] with three intervention arms was included 
in data analysis. One study [40] was excluded from the 
analysis because it reported median. Knowledge as dichot-
omous outcome was reported in only one study [37]. 
Although the cost effectiveness outcome was reported in 
three studies, only one study with four intervention arms 
[12] was reviewed narratively. One study measured this 
outcome only in the intervention arm [51] and one study 
did not provide SD [52]. For the social stigma, stress, anxi-
ety, favorable attitude, satisfaction and satisfaction score, 
no study reported these outcomes. In summary, a total of 
19 studies were included in meta-analysis for all outcomes. 
The details were displayed in Supplementary Table S8.

The main effects of interventions are displayed accord-
ing to the following comparisons and the rest analyses 
are also shown in Supplementary files.

Comparison 1: One Single intervention versus standard/ 
routine care/ no intervention (control group)
Outcome 1: Uptake of CCS
A single intervention may increase the uptake of CCS 
when compared with control group (RR 1.47, 95% CI 
1.19 to 1.82; 13 studies, 5302 women; low-certainty evi-
dence, Fig. 3(A)).
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Table 1 Characteristics of included studies

Author Year (Country) Study design Setting Age of women Type of intervention Frequency Duration n

Abadi, 2018 (Iran) [11] RCT Healthcare/ urban 
centers

30–59 Counseling using motiva‑
tional interview

2 1 week 45

Routine Education ‑ ‑ 45

Abdullah, 2013 (Malaysia) 
[43]

Cluster RCT School based ‑ Invitation and pamphlet, 
follow up after 4 weeks by 
short phone reminder

‑ 10 months 199

Standard (opportunistic) 
screening

‑ 10 months 199

Abu, 2020 (Ethiopia) [39] Cluster RCT Hospital based 30–49 One to one Health Educa‑
tion + Brochure

1 5–10 min 1062

Standard care (no HE nor 
brochure)

‑ ‑ 1078

Adonis, 2017 (South 
Africa) [44]

RCT Health insurance 
organization

21–65 Gain‑framed  messagea 2 4 months 175

Loss‑framed  messageb 2 4 months 176

Control/ Neutral‑framed 
 messagec

2 4 months 355

Atinel, 2019 (Turkey) [30] RCT Primary Health Center 
(PHC)

40–55 Group training and deliv‑
ery of brochures, training 
and counseling during 
home visits, reminder 
phone calls, and delivery 
of materials

2 40 min 67

Routine practices 1 ‑ 67

Dinshaw, 2008 (India) [33] Cluster RCT Community based 35–64 Well‑planned Health Edu‑
cation Program (HEP) (4 
rounds); VIA after 8 years

4 2 years 71,651

Same HEP in first round 
and 7 rounds of active 
surveillance

8 1 year 76,178

Erwin, 2019 (Tanzania) 
[45]

RCT Community based 25–49 SMS BCC message (15 
SMS)

1 21 days 272

SMS + e Voucher for 
transport

1 2 months 298

Control (one message for 
location & hours of clinics)

1 ‑ 281

Gizaw, 2020 (Ethio‑
pia) [13]

Cluster RCT HPV arm: Community 
based

30–49 Self‑sampling HPV at 
primary health unit

1 ‑ 1213

VIA arm: Hospital based VIA at hospitals 1 5 days 1143

Huchko, 2018 (Western 
Kenya) [47]

Cluster RCT Community based 25–65 Community Health Clinics 
arm (HPV including self‑
collection)

3 6 weeks 2943

Hospital based Government health facility 
arm (HPV including self‑
collection)

‑ 6 weeks 3538

Koc, 2019 (Turkey) [40] RCT Training centers ‑ Training/Health education 3 3 months 78

Control/No training ‑ ‑ 78

Kurt, 2019 (Turkey) [36] RCT Community based 
(Home visit)

30–65 Training + education 
brochure

1 ‑ 118

Read education brochure 1 ‑ 119

Invitation only ‑ ‑ 119

Mitchell, 2015 (Uganda) 
[31]

RCT Community based ‑ Self‑sampling HPV and VIA 
to HPV ( +)

‑ ‑ 227

Clinic based Standard VIA ‑ ‑ 225

Mittra, 2010 (India) [34] ClusterRCT Community based 35–64 Health Education and VIA 4 24 months 75,360

Standard Health Education 1 At entry 76,178
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Because there was substantial heterogeneity  (I2 = 88%), 
subgroup analyses were conducted as presented in Sup-
plementary Figure S1. Subgroup analysis indicated that 
type of intervention and study setting may make a dif-
ference to the uptake of CCS. For type of intervention, 

the subgroup interaction test indicated that remind-
ing or invitation and self-sampling HPV test may 
increase the uptake of CCS, (RR 1.41, 95% CI 1.03 to 
1.93; 2 studies, 1316 women;  I2 = 34%; and RR 1.93, 
95% CI 1.66 to 2.25; 3 studies, 1523 women;  I2 = 75%), 
respectively,(Supplementary Figure S1 (A)). While for 

RCT  Randomized controlled trial, cluster RCT  cluster randomized controlled trial, HE Health education, HPV Human papillomavirus, VIA Visual inspection with acetic 
acid for cervical cancer screening, ₦ Nigerian Currency
a  Gained-framed message consisted of a lead-in statement that highlighted that regular Pap smears were essential to the individual’s health and wellbeing
b  Loss-framed message consisted of a lead-in statement that focused on the “risk” of developing cervical cancer
c  Neutral-framed message had no lead-in statement, only stated the recommendations for screening
d  Subsidized cost: 0 (free): Subsidized the service cost to free of charge to receive the cervical cancer service

Table 1 (continued)

Author Year (Country) Study design Setting Age of women Type of intervention Frequency Duration n

Modibbo, 2017 (Nigeria) 
[48]

RCT Community based 30–65 Self‑sampling HPV 1 ‑ 200

Hospital based Routine care 1 ‑ 200

Moses, 2015 [49] 
(Uganda)

RCT Community based 30–65 Self‑collected HPV 1 ‑ 250

Hospital based VIA 1 ‑ 250

Okeke, 2016 (Nigeria) [50] RCT Community based 18–64 Subsidized cost: ₦0 (free)d 1 ‑ 362

Subsidized cost: ₦50 
($0.33)

1 ‑ 351

Subsidized cost: ₦100 
($0.66)

1 ‑ 330

Okunade, 2020 (Nige‑
ria) [46]

RCT Hospital based 25–65 mHealth text messages 
containing health promo‑
tion information

12 6 months 102

Health talk (usual care) at 
enrolment

1 ‑ 98

Rashid, 2014 (Malaysia) 
[12]

RCT Community clinics, 
suburban

20–65 Postal letter for repeated 
smear

‑ ‑ 250

Registered letter ‑ ‑ 250

SMS ‑ ‑ 250

Phone call ‑ ‑ 250

Risi, 2004 (South Africa) 
[32]

RCT Community based 35–65 Photo‑comic followed by 
radio‑ drama

1 ‑ 269

Control‑comic followed by 
radio‑ drama

1 ‑ 389

Romli, 2020 (Malaysia) 
[42]

Cluster RCT Community based ‑ Standardized Health 
Education Program and 2 
text reminders)

2 3 months 101

Control/ 30 min health talk 1 30 min 101

Rosser, 2015 (Kenya) [41] RCT Hospital based At least 23 years 30 min interactive health 
talk

1 30 min 207

Control/usual care ‑ ‑ 212

Samami, 2021 (Iran) [38] ClusterRCT Hospital based 21–65 Educational training 1 90 min 60

Usual care ‑ ‑ 60

Shokoohi, 2020 (Iran) [35] Cluster RCT Hospital based 18 years or older Education: three one‑hour 
training sessions

3 60 min 48

Standard care: General 
information about STIs

1 ‑ 45

Sossauer, 2014 (Cam‑
eroon) [37]

RCT Hospital based 25–65 Educational intervention 
( 6 min video promot‑
ing + ve attitude)

1 6 min 152

Basic information 1 5 min 149
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counselling or health education intervention and mes-
saging may not increase this outcome. Subgroup analysis 
by study setting showed that hospital-based interven-
tions may increase the uptake of CCS, (RR 2.14, 95% CI 
1.16 to 3.95; 5 studies, 995 women;  I2 = 87%), (Supple-
mentary Figure S1 (B)). There was no marked difference 
for subgroup analysis by region (Supplementary Figure 
S1(C)). The evidence is very uncertain about the differ-
ence of effect size for subgroup analysis by publication 
year because there was only one study published during 
2000–2010 (Supplementary Figure S1 (D)).

The funnel plot for this comparison 1 shows that it was 
roughly symmetric, indicating that publication bias is not 
a significant issue (Supplementary Fig. S2).

Outcome 2: Willingness to get cervical cancer screening 
(categorical)
A single intervention may have little to no effect on 
the willingness to get CCS when compared with con-
trol group (RR 1.18, 95% CI 0.96 to 1.45; 3 studies, 719 
women; very low-certainty evidence, Fig. 3(B)).

Fig. 2 Summary of risk of bias of included studies
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Fig. 3 Effects of a single intervention compared with control on selected outcomes. C stands for Cluster RCTs; sample sizes of cluster RCTs are 
corrected with design effect estimated from ICC = 0.0295
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We found high heterogeneity  (I2 = 93%) between the tri-
als contributing this analysis. Subgroup analysis by type of 
intervention, study setting, and publication year, however, 
could not be performed since all three studies used the 
same type of intervention, conducted in hospital based set-
tings, and published after year 2010. Subgroup analysis by 
region indicated the difference of effect of single interven-
tion of motivational counseling on willingness to get cervi-
cal cancer screening between Asia (RR 4.44, 95% CI 2.46 
to 8.05; one study, 90 women) and Africa (RR 1.02, 95% CI 
0.93 to 1.13; 2 studies, 629 women;  I2 = 82) (Supplementary 
Fig.  S3). This finding, however, is very uncertain because 
there was only one small study conducted in Asia [11].

Outcome 3: Knowledge score
A single intervention may increase knowledge score slightly 
when compared with control group (SMD 0.73, 95% CI 
0.08 to 1.38; 3 studies, 578 women; low-certainty evidence, 
Fig. 3(C)). There was high heterogeneity  (I2 = 91%) between 
studies that contributed data. The source of heterogeneity 
could not be found by subgroup analyses by study setting 
and region (Supplementary Figure S4). It was not possible 
to do a subgroup analysis by publication year and area due 
to the similarity of these characteristics across the trials 
included in this analysis.

Comparison 2: A single intervention versus a different 
single intervention
We have not performed a meta-analysis for this compari-
son due to the difference in intervention type between 
the intervention group and the control group among the 
trials included in this comparison.

Outcome 1: Uptake of CCS
Figure  4 (A) showed the effects of single intervention 
on uptake of CCS when compared with a different 
single intervention. In terms of health education, the 
effect of brochure on uptake of CCS is very uncertain 
when compared with invitation (RR 1.27, 95% CI0.84 
to 1.90; one study, 238 women; very low-certainty evi-
dence). Reminding with phone call  may increase this 
outcome slightly when compared with registered letter 
(RR 1.72, 95% CI 1.27 to 2.32; one study, 500 women; 
low-certainty evidence or reminding with SMS (RR 
1.59, 95% CI1.19 to 2.13; one study, 500 women; low-
certainty evidence). However, the effect of reminding 
with registered letter is very uncertain when compared 
with SMS (RR 0.93, 95% CI 0.66 to 1.30; one study, 
500 women; very low-certainty evidence). While the 
difference between messaging with loss-framed and 
gained framed is very uncertain on this outcome (RR 
1.45, 95% CI0.69 to 3.03; one study, 351 women; very 

low-certainty evidence), sending health education 
messages for 15 times may increase uptake of CCS 
when compared with one SMS containing clinical 
information (RR 2.75, 95% CI 1.46 to 5.19; one study, 
579 women; low-certainty evidence). Regarding the 
subsidized cost, women who received ₦  0 (free) may 
increase uptake of CCS slightly when compared with 
women who had to provide ₦  100 ($ 0.66), RR 1.60, 
95% CI 1.10 to 2.33; one study, 692 women; low-cer-
tainty evidence. On the other hand, there is little to 
no difference between subsidized cost ₦  0 and ₦  50 
($0.33) (RR 1.19, 95% CI 0.85 to 1.66; one study, 713 
women; low-certainty evidence) as well as between 
subsidized cost ₦  50 and ₦  100 on this outcome (RR 
1.35, 95% CI 0.91 to 1.99; one study, 681 women; low-
certainty evidence). Remarkably, community-based 
HPV test may increase the uptake of CCS slightly when 
compared with hospital based HPV test, RR 1.67, 95% 
CI 1.53 to 1.82; 2 studies, 783 women; low-certainty 
evidence.

Outcome 2: Willingness to get cervical cancer screening 
(continuous)
Health education with brochure may not increase will-
ingness to receive CCS when compared with invitation, 
MD 0.11, 95% CI -0.06 to 0.28; one study, 238 women; 
low-certainty evidence; Fig. 4(B).

Outcome 3: Knowledge score
Conversely, health education with brochure may increase 
the knowledge score for CCS slightly when compared 
with invitation (MD 1.78, 95% CI 1.20 to 2.36; one study, 
238 women; low-certainty evidence; Fig. 4 (C)).

Comparison 3: Combined interventions versus a single 
method of intervention
Outcome 1: Uptake of CCS
Combined interventions may increase little to no 
effect on the uptake of CCS when compared to a sin-
gle method of intervention but the evidence is very 
uncertain, RR 2.20, 95% CI 1.54 to 3.14; 2 studies, 1207 
women; very low-certainty evidence; Fig. 5 (A). Due to 
substantial heterogeneity  (I2 = 61%), subgroup analy-
ses were conducted by type of intervention and by 
region (Supplementary Figure S5). Subgroup analysis 
indicated that one study of health educational inter-
vention was conducted in Asia and one study of mes-
saging intervention was done in Africa region. After 
subgroup analysis, both combined health educational 
interventions and combined messaging interventions 
may increase the uptake of screening when compared 
with those of single interventions (RR 1.95, 95% 1.51 
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Fig. 4 Effects of a single intervention compared with other intervention on selected outcomes. C stands for Cluster RCTs; sample sizes of cluster 
RCTs are corrected with design effect estimated from ICC = 0.0295
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to 2.52; one study, 356 women;  I2 = 0%, Supplemen-
tary Figure S5; and RR 2.73, 95% CI 1.01 to 7.34; one 
study, 851 women;  I2 = 84%; Supplementary Figure S5; 
respectively). Combined intervention of brochure and 
education may increase the uptake of CCS slightly 
when compared to a single method of intervention 
with brochure alone, (RR 1.75, 95% CI 1.24 to 2.48; one 
study, 178 women; Fig.  5 (A)) or invitation alone, (RR 
2.22, 95% CI 1.51 to 3.26; one study, 178 women; Fig. 5 
(A)). In addition, SMS plus e-voucher for transport to 

screen may increase the uptake of CCS when compared 
to sending 15 SMS, (RR 1.69, 95%CI 1.07 to 2.68; one 
study, 434 women; Fig.  5 (A)) or one SMS, (RR 4.65, 
95% CI 2.43 to 8.89; one study, 417 women; Fig. 5 (A)).

Outcome 2: Willingness to get CCS (continuous outcome)
Combined intervention may not increase the willing-
ness to get CCS when compared with a single method of 
intervention, MD 0.07, 95% CI -0.06 to 0.20; one study, 
356 women; low-certainty evidence; Fig. 5 (B).

A

B

C

Fig. 5 Effect of combined interventions compared with a single intervention on selected outcomes
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Outcome 3: Knowledge score
Combined health educational interventions may have lit-
tle to no effect on the knowledge score when compared 
with a single intervention, MD 0.89, 95% CI -0.85 to 2.64; 
one study, 356 women; very low-certainty evidence; Fig. 5 
(C). However, combined brochure plus health education 
may increase knowledge score slightly when compared 
with invitation letter, MD 1.80, 95% CI 1.19 to 2.41; one 
study, 178 women; Fig. 5 (C).

Other outcomes those are not included in comparisons
One trial; with four domains of high risk of bias, 
revealed that educational intervention may increase the 
proportion of satisfactory knowledge group over the 
control [37]. However, we did not identify any effec-
tive intervention to increase the attitude score on cer-
vical cancer screening. Reminding with phone call, 
HPV screen and treat method and screening at Com-
munity Health Campaigns were cost effective strategy 
to increase uptake of CCS [12, 51, 52]. The details are 
mentioned in Supplementary 3.

Sensitivity analysis
We identified two studies with more than two high-risk 
domains of bias [33, 37], however Dinshaw 2008 [33]
was not included in any meta-analysis because this study 
reported only the results of the intervention arm. For 
Sossauer 2014 [37], this trial was included in meta-analy-
sis of comparison 1 for the willingness to get cervical can-
cer screening outcome. The sensitivity analysis reveals no 
significant difference in the magnitude of the effect after 
excluding this trial (Supplementary Figure S6).

Discussion
Summary of main results
A Single intervention versus standard/ routine care/ 
no intervention (control group)
When a single intervention compared with the control 
group, the evidence suggests that a single intervention 
may increase the uptake of CCS. However, there was 
substantial heterogeneity for this outcome. Subgroup 
analysis suggested a potential difference by type of inter-
vention and study setting. Where using reminding or 
invitation, self-sampling HPV test as well as hospital-
based interventions may increase the uptake of CCS. In 
addition, a single intervention may increase knowledge 
score slightly relative to the control group. This outcome 
had a high level of heterogeneity; unfortunately, sub-
group analyses could not explore source of heterogeneity. 
This result should therefore be interpreted with caution. 
In comparison to the control group, a single intervention 

may have little to no effect on the willingness to get cer-
vical cancer screening. High heterogeneity was found for 
this outcome, which revealed that a single intervention 
may enhance the willingness to undergo cervical cancer 
screening in one Asian trial.

A single intervention versus a different single intervention
A single intervention of reminding with phone call may 
increase the uptake of CCS slightly when compared with 
a different single intervention such as registered letter 
or SMS. In comparison to one SMS, sending 15 health 
education messages may increase uptake of CCS. While 
provision of cervical cancer screening service with free 
subsidized cost (₦ 0) may increase uptake of CCS slightly 
relative to ₦  100 ($0.66), the difference is uncertain 
between ₦ 0 and ₦ 50 ($0.33) as well as between ₦ 50 
and ₦ 100. Nevertheless, community based self-sampling 
of HPV test may increase the uptake of CCS slightly in 
compared to hospital based HPV test. When compared 
with invitation, education with brochure may increase 
the knowledge score; however, it may not increase the 
willingness to get screening.

Combined interventions versus a single method 
of intervention
In comparison to a single method of intervention, com-
bined interventions may increase little to no effect on 
the uptake of CCS; though there was substantial hetero-
geneity. Subgroup analysis suggested combined health 
educational interventions as well as combined messaging 
interventions may increase the uptake of CCS when com-
pared to a single method of those interventions. Also, 
combined intervention of brochure and education may 
increase the uptake of CCS slightly when compared to a 
single method of intervention of either brochure or invi-
tation alone. In addition, combined intervention of SMS 
plus e-voucher for transport to screen may increase the 
uptake of CCS than either sending 15 SMS containing 
health information or sending one SMS of clinic informa-
tion. However, the difference between combined inter-
ventions and single intervention is little or no effect on 
both willingness to get screening and knowledge score. It 
was remarkably observed that combined brochure plus 
health education may increase knowledge score slightly 
relative to invitation.

Overall completeness and applicability of evidence
To our knowledge, this is the first systematic review 
for all the interventions targeted to either women or 
health providers to increase the uptake of CCS which 
restricted to LMICs. Our review provides the additional 
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insights into the results of existing review especially 
for LMICs. Although this review is limited to LMICs, 
only 11 countries from two continents (Asia and Africa) 
were found. All the interventions from included trials 
are targeted to women and could not identify the trials 
targeted to health professional or community. Never-
theless, all the possible age range of women (18 to 65) 
was included in this review. Due to limited numbers of 
included studies for the subsidized cost intervention; 
where only one study with three intervention arms, and 
combined interventions of health education, the results 
should be considered carefully. In addition to primary 
outcomes, the other secondary outcomes such as will-
ingness, knowledge, attitude, and cost effectiveness are 
also reported. However, this review could not assess the 
harms of the interventions on cervical cancer screen-
ing due to no trials reported any harms such as social 
stigma, stress or anxiety, unnecessary interventions. 
Most of the included studies were published after 2010. 
Only RCTs and cluster RCTs were included, and meta-
analyses were done to estimate the pooled results. The 
sample sizes for cluster RCTs are also adjusted with the 
most reliable imputed ICC even though the included 

studies were not corrected for clustering effects. Sen-
sitivity analyses excluding trials with more than two 
domains of high risk of bias were conducted to check 
the robustness of the results.

Certainty of the evidence
In this review, the certainty of evidence ranges from low 
to very low. The details are shown in the GRADE/ Sum-
mary of findings tables (Fig. 6, Supplementary Tables 9, 10 
and 11). For risk of bias, a great proportion of trial meth-
ods were not well reported; therefore, it was downgraded 
one level for risk of bias in most of the studies when there 
was an unclear risk of bias in allocation of concealment 
alone or both domains of selection bias (random sequence 
generation and allocation concealment). When there were 
high risk of biases for four domains in one study (Sos-
sauer 2014), included in comparison 1 of willingness out-
come, we downgraded two levels. We also downgraded 
one level for serious inconsistency due to substantial 
heterogeneity. There is no study for serious indirectness. 
We downgraded one level for serious imprecision if there 
was a few event rate and/or few sample size and, further 
downgraded one more level if there was a wide CI using 

Fig. 6 Summary of findings table for primary outcomes. ■  = downgrade one level; □ = not downgrade one level for each GRADE domain; 
⨁ = level of certainty of evidence (see full details in Supplementary Tables S9 to S11); k = number of studies; c = number of a pair‑wise comparison 
of interventions (multi‑arm study); n = number of participants; RR = risk ratio; MD = mean difference; SMD = standardized mean difference; 
CI = confidence interval
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the criteria of 15% of RRR for binary outcomes, and at 2 
of MID for continuous outcomes. No serious issue was 
detected for publication bias.

Potential bias in review process
To reduce the potential bias in review, data extraction 
and assessment of risk of bias were performed indepen-
dently by two reviewers. Differences between review-
ers were resolved by discussion and invited the third 
reviewer when needed. Restriction to include only RCTs 
and cluster RCTs and exclusion of quasi experimen-
tal studies and other non-RCTs were performed to get 
the strong evidence. For those studies reported only the 
results of intervention arms and low mean and high SD of 
attitude score, we contacted to authors but not received 
the reply; thus these studies were not included analysis. 
Assessment of funnel plot showed the publication bias 
was not a prominent issue for our primary outcome. 
However, using the results of two studies from abstracts 
may have some bias.

Agreements and disagreements with other studies 
or reviews
Musa et.al reported that the use of theory-based edu-
cational interventions increased two times of CCS rates 
(OR, 2.46, 95% CI 1.88 to 3.21; 5 studies, 1609 women; 
 I2 = 24%) and offering women the option of self-sam-
pling for HPV testing also increased cervical cancer 
screening rates by nearly two-fold (OR, 1.71, 95% CI 
1.32 to 2.22; 8 studies, 40,570 women;  I2 = 94%) [10]. 
Another systematic review of the effectiveness of health 
education interventions indicated that health education 
interventions have immense contributions in boost-
ing the screening uptake. However, the pooled effects 
of health education was not estimated and reported as 
the effectiveness are different based on the study set-
ting, populations and the way of delivery [53]. Recently 
published systematic review reported that the effect of 
educational interventions among rural women increased 
the uptake of CCS (RR, 1.26, 95% CI 1.10 to 1.45; 2 stud-
ies, 663 women,;  I2 = 9%) [54]. A narrative review con-
ducted among lower socioeconomic group in HICs 
reported that HPV self-testing can improve uptake of 
cervical cancer screening among lower socioeconomic 
groups. And, it also informed that the use of lay health 
advisors had statistically significant increase in screen-
ing uptake [55]. A meta-analysis of the four RCTs con-
ducted in sub-Sahara Africa showed that the uptake of 
women using self-sampling HPV test is 72% higher than 
those using the standard of care (RR 1.72, 95% CI 1.58 to 
1.87;  I2 = 72%). The substantial heterogeneity 72% could 

be explained by subgroup analysis of recruitment timing: 
immediate (RR 2.05, 95% CI 1.80 to 2.33, one study, 500 
women) and with some time range (RR 1.65, 95% CI 1.58 
to 1.72, 3 studies, 7700 women,  I2 = 0%) [56]. Staley et.al 
updated the Cochrane review published in 2011 and 
described as moderate‐certainty evidence supports the 
use of invitation letters to increase the uptake of cervical 
screening. Low‐certainty evidence presented  the use of 
lay health worker amongst ethnic minority populations 
may increase the screening coverage, and also supports 
the educational interventions although the most effec-
tive format is unclear. Also, the majority of included 
studies in this review were HICs and so the applicability 
in LMICs is uncertain [57].

Conclusion
Low certainty evidence suggests that single interventions 
may increase uptake of CCS slightly when compared with 
control; in which reminding, invitation and self-sampling 
HPV test were effective. Phone call is the most effective 
reminding method relative to other reminding inter-
ventions such as registered letter or SMS (low-certainty 
evidence). Community based self-sampling of HPV test 
was also an effective intervention to increase the uptake 
of cervical cancer screening than either routine VIA ser-
vices or hospital collected HPV test (low-certainty evi-
dence). Sending 15 SMS contained health information 
is more effective than sending one SMS contained only 
clinic information (low-certainty evidence). In compari-
son to single intervention, combined interventions may 
increase little to no effect on the uptake of CCS (very 
low-certainty evidence); however, the evidence is uncer-
tain. Combined health educational intervention; bro-
chure and education, is more likely to increase the uptake 
than the single intervention of either invitation or bro-
chure alone. Similarly, combined interventions of SMS 
plus e voucher for transport to screen may increase when 
compared with 15 SMS or one SMS.

However, due to low-and very low- certainty of evi-
dence, the findings should be applied cautiously. Further 
RCTs are required to better understand the subsidized 
cost intervention; where only one study with three inter-
vention arms was included in this review. In addition, 
further RCTs evaluating the effects of combined inter-
ventions are required to get the strong evidence since the 
number of included trials for those combined interven-
tion is limited. Finally, further studies which target the 
health providers or community or evaluate the harms 
of the cervical cancer screening interventions are also 
recommended.
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