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1  | INTRODUC TION

Breast and cervical cancer screening tools can detect cancer 
at early stages, when treatment is more effective and likely to 

succeed.1 Public cancer screening programs using mammogra-
phy and the Papanicolaou (Pap) test have successfully decreased 
breast and cervical cancer mortality in Western countries over 
the past decades.1 However, ethnic minority women have low 
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Abstract
Objectives: To determine the effectiveness of culturally tailored education on at-
tendance at breast and cervical cancer screening among ethnic minority women.
Data Sources: Systematic database searches in Ovid MEDLINE, ProQuest, PubMed, 
PsycINFO, and Cochrane CENTRAL.
Study Design: Randomized controlled trials (RCTs) of culturally tailored educational 
interventions to ethnic minority women in Western countries were investigated for a 
meta-analysis. RCTs that assessed attendance at mammography or the Papanicolaou 
test (Pap test) were eligible for inclusion.
Data Collection Methods: Study characteristics and results were extracted separately. 
Independent raters assessed risk of bias by using Cochrane Collaboration's tool.
Principal Findings: Seven RCTs (n = 4246) were included in the meta-analysis of mam-
mography attendance, and four RCTs (n = 1750) were included in the meta-analysis 
of Pap test attendance. The effect of culturally tailored educational interventions on 
attendance at mammography was an increase of 18 percent (RR = 1.18, 95% CI, 1.09-
1.28, P < .001), with low heterogeneity (I2 = 30.0, P = .237), and a 54 percent increase 
at the Pap test (RR = 1.54, 95% CI, 1.14-2.09, P = .005), with substantial heterogene-
ity (I2 = 75.9%, P = .001).
Conclusions: Interpreted within the limitations set by the low number of studies and 
substantial heterogeneity for the Pap test, findings from the current meta-analyses 
indicate that culturally tailored educational interventions may increase attendance of 
ethnic minority women at breast and cervical cancer screenings. There is a need for 
more studies, in particular RCTs conducted outside the United States, to determine if 
such findings are similar in other countries.
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participation rates in breast and cervical cancer screening in the 
United States, Europe, Canada, and Australia.2-13 Cancer causes 
extreme suffering for each woman and her family. In addition, the 
economic impact of cancer is significant and increasing, with a 
total annual economic cost of US$1.16 trillion in 2010,14 and the 
treatment of breast and cervical cancer is more expensive than 
the cost of prevention and early detection.15 Considerable efforts 
have been invested in reducing breast and cervical cancer inci-
dents and mortality by increasing screening rates. However, dis-
parities in screening rates continue to exist among certain racial 
and ethnic minority groups.2-13

Previous studies have identified several culturally specific barriers 
to breast and cervical cancer screening among ethnic minority women 
living in Western countries.16-25 Low linguistic proficiency, insufficient 
knowledge about cancer and screening programs, and low health lit-
eracy are found to be barriers. The same goes for cultural and reli-
gious barriers, such as false religious beliefs (fatalism), confidence in 
local and conventional curers, women's roles, and sexual issues.16-25 
Educational interventions aim to influence individuals' physical, in-
tellectual, and moral development through training and education.26 
The educational interventions for ethnic minority women must be 
culture-specific, because women's behaviors and understandings of 
disease and symptoms are products of their social and cultural con-
texts, cultural beliefs, life experiences, and socioeconomic factors.27 
Women in similar cultural groups generally share common knowledge, 
beliefs, and attitudes that fundamentally affect their behaviors.27

In the last decades, randomized controlled trials (RCTs) have 
investigated whether interventions can increase screening partic-
ipation rates among ethnic minority women. Previous systematic 
reviews and meta-analyses have explored the effects of different 
types of interventions to promote breast and cervical cancer screen-
ing among minority women.28-33 Two meta-analyses had several 
methodological and clinical limitations.28,29 One such limitation is 
that the meta-analyses included primary studies with samples of up 
to 60 percent Caucasian women, without presenting separate re-
sults for participants with other ethnic origins. Because the ethnic-
ity of participants lost to follow-up was not reported in the primary 
studies, it is impossible to determine whether the findings were rep-
resentative for ethnic minority women. In addition, the meta-anal-
yses failed to report risk-of-bias assessment and forest plots of the 
findings.28,29 These flaws invite for a meta-analysis following estab-
lished procedures in order to avoid spin citation of results that lack 
empirical research evidence.

It has been claimed that access-enhancing interventions produce 
the best results for increasing attendance at breast and cervical can-
cer screening, followed by education, individual counseling, and let-
ters or other reminders.28,29 In clinical practice, providing education 
is easier to implement and has far lower financial costs, compared to 
increasing the availability of mammography equipment worldwide. 
The two previous meta-analyses investigated strategies to improve 
breast and cervical cancer screening among ethnic minorities in the 
United States, but low participation at cancer screening among eth-
nic minority women is a significant problem in Europe, Canada, and 

Australia as well.2-13 Therefore, the scope of the current meta-anal-
ysis was to determine whether culturally tailored educational inter-
ventions increase attendance at mammography and the Pap tests 
among ethnic minority women in Western countries.

2  | METHODS

Cochrane collaboration guidelines on conducting systematic re-
views,34 Center for Review and Dissemination's guidelines for un-
dertaking reviews in health care,35 and PRISMA guidelines36 were 
followed through the entire review process.

2.1 | Eligibility criteria

Eligibility of randomized controlled trials (RCTs) was based on follow-
ing inclusion criteria: Participants were women >18 years of Asian, 
African, Hispanic, or Oceanian (except Australia and New Zealand) 
origin living in a Western country (defined as Europe, the United 
States, Canada, Australia, and New Zealand). Educational interven-
tions consisted of verbal teaching (one-on-one or in groups), writ-
ten material, video or media, or a combination of these interventions 
and were given by trained lay health workers or health care profes-
sionals. Educational intervention was operationalized and defined as 
a new program, course, curriculum, or pedagogical technique that 
seeks to reform an older system or practice.26 Educational interven-
tions were culturally tailored to the targeted group. Outcome of in-
terest was screening attendance at mammography and/or the Pap 
test at baseline and follow-up, self-reported from the participants or 
collected from medical records.

Studies were excluded if the educational part had been but 
one element of a multilevel intervention program or if educational 

What this study adds

What is already known on this topic
• Attendance of ethnic minority women for mammogra-

phy and the Papanicolaou (Pap) test is low in the United 
States, Europe, Canada, and Australia.

• Culturally tailored educational interventions can use lin-
guistically appropriate methods to increase knowledge 
about cancer and screening and can address common 
cultural and religious barriers to screening.

What this study adds
• Culturally tailored education increased attendance at 

mammography by 18 percent among ethnic minority 
women.

• For Pap test attendance, an increase of 54 percent was 
found, but the substantial heterogeneity calls for careful 
judgment when interpreting the results.
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efforts had been combined with assisted navigation, as effects 
could not then be attributed to the educational intervention 
alone.

2.2 | Search strategies

Comprehensive systematic literature searches were conducted 
in Ovid MEDLINE, ProQuest, PubMed, PsycINFO, and Cochrane 
CENTRAL. Our search strategy and PICO form included relevant 
keywords and thesaurus, such as “ethnic group,” “immigrant,” 
“women,” “education,” “teaching,” “intervention,” “screening,” 
“mammography,” and “Papanicolaou test.” Experts in data-
base searches critically assessed the search strategy before the 
searches were conducted in May 2017, with an update in May 
2018. The searches included records from inception to present 
and had no limits regarding languages. References of retrieved 
articles were also scanned for additional studies of interest. We 
also systematically examined all articles included in the two previ-
ous meta-analyses. Details of the search strategies are available 
in Appendix S1.

2.3 | Study selection

All titles and abstracts were scrutinized by the first author (TB), 
and records that obviously did not meet the inclusion criteria 
were excluded. The causes for exclusion were documented in an 
evidence table and reviewed by the third author (SB). All excluded 
records were assessed jointly for a final decision. The remaining 
records were read in full text and assessed separately by the two 
reviewers (TB, SB). Any discrepancies between the two reviewers 
were solved by consensus decision. Articles with insufficient in-
formation were excluded. To ensure transparency in the selection 
of studies, detailed information of excluded studies and cause of 
exclusion is available.

2.4 | Data extraction

All extracted data from each study were documented in an evidence 
table inspired by Botella and Gambara.37 The two reviewers indepen-
dently coded characteristics, with a 92 percent level of agreement. 
Because the included studies reported their findings in different 
ways, the data were converted into a common format. In order to 
reduce risks of errors, all results were extracted and controlled sev-
eral times. First, one reviewer (TB) extracted and converted the re-
sults two separate times. Then, the two sets of extracted data were 
compared. Finally, TB and SB studied all extracted data for accuracy 
and calculated the converted data a third time. Discrepancies were 
resolved by discussion and recalculation. Researchers from two pri-
mary studies were contacted in order to obtain missing or additional 
data, but none responded.

2.5 | Assessing the risk of bias

The Cochrane Collaboration tool was used to assess the risk of bias.38 
Included studies were assessed independently by the first and third au-
thors, and any disagreement was resolved by discussion. The level of 
agreement prior to consensus discussions was very good, with an intra-
class correlation coefficient (ICC, two-way random-effects model, ab-
solute agreement, single measure reliability) of 0.79 (95% CI, 0.67-0.86).

2.6 | Statistical analysis

The current meta-analysis was conducted in Stata SE release 16. 
A significance level of P = .05 and 95% confidence interval (CI) 
were used. The effect measure was risk ratio (RR). Risk difference 
(RD) might be the natural choice in meta-analysis of RCTs with 
binary outcomes,39 but ratio-based effect measures have greater 
stability over different risk groups than difference-based meas-
ures.39 Analyses with both a random-effects and a fixed-effects 
model were run to test the stability over the models. For this 
study, the random-effects model was chosen. In such a model, the 
between-study variation must be estimated. The restricted maxi-
mum likelihood estimate (REML) is usually preferred to the sim-
pler DerSimonian-Laird (D + L) pooled estimate.40 The forest plot 
presents the effect estimates of the included studies, with the 
overall effect size, with REML estimation of the between-study 
variation. For the fixed-effects model, the overall effect was cal-
culated with the Mantel-Haenszel (M-H) pooled estimate.40

Statistical heterogeneity was examined using I2 statistics with its 
P-value, as recommended for meta-analyses.41 The I2 statistic mea-
sures the percentage of total variation in study results that is due to 
heterogeneity. I2 < 40 percent indicates low heterogeneity, values 
indicate 30-60 percent moderate heterogeneity, and values 50-90 
percent may indicate substantial heterogeneity, while I2 over 75 per-
cent is defined as considerable. We also used L'Abbé plots to analyze 
heterogeneity of the effect measure.39

Publication bias was assessed by visual examination of funnel 
plots and the Harbord test to examine and interpret asymmetry.42,43 
This test is recommended for meta-analyses of RCTs with binary out-
comes. Although the funnel plot and the Harbord test may have un-
desirable properties in detecting asymmetry, they provide valuable 
information.42,43

3  | RESULTS

3.1 | Search results

The electronic database search identified 207 records (Appendix 
S2). Scanning references identified 41 studies of interest. Sixty-eight 
records were duplicates. Of 146 records, five RCTs measured mam-
mography attendance,44-48 two measured Pap test attendance,49,50 
and two measured both51,52 (Figure 1).
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3.2 | Characteristic of the included studies

The seven RCTs that measured mammography attendance included 
4246 participants. All studies were conducted in the United States and 
published between 2003 and 2014. Participants were Asian (3), African 
American (2), Hispanic (1), and Polynesian (1). Sample sizes ranged from 
344 to 984. All RCTs used self-reported data. Follow-up ranged from 
two to 15 months, with four trials conducting follow-up at 6 months. 
The educational interventions were theory-based, and six RCTs were 
based on the health belief model alone or in combination with other 
theories. In five RCTs, the educational interventions consisted of ver-
bal education in groups or one-on-one; three of these RCTs combined 
verbal education with written information. The education was provided 
through lay health workers (2), video (2), and professionals (2).

The four RCTs measuring Pap test attendance included 1750 par-
ticipants with Hispanic (3) and Asian (1) origins. The studies were con-
ducted in the United States and published between 2003 and 2013. 

Sample sizes ranged from 120 to 613. Outcome was collected through 
self-reported data, and follow-up ranged from two to 12 months. The 
educational interventions consisted of verbal education in groups, and 
two combined verbal education with written information. Lay health 
workers provided the education in three RCTs. The educational inter-
ventions in three RCTs were based on the health belief model alone 
or in combination with other theories. Characteristics of the included 
RCTs are described in Table 1.

3.3 | Risk of bias

Among the mammography attendance RCTs, one RCT was assessed 
to have high risk of bias, two to have moderate risk of bias, and four 
to have low risk of bias. Among the included RCTs measuring Pap 
test attendance, one was assessed to have moderate risk of bias and 
three to have low risk (Table 2).

F I G U R E  1   Flow diagram. §Two studies measured both mammography and Pap test attendance and were included in both meta-analyses. 
[Color figure can be viewed at wileyonlinelibrary.com]
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3.4 | Effectiveness of culturally tailored educational 
interventions on attendance at mammography

The overall REML risk ratio (RR) for mammography was 1.18 (95% CI, 
1.09-1.28, P < .001) with low heterogeneity (I2 = 30.0, P = .237). The 
forest plot shows the individual and overall effects with random-
effects model (Figure 2). The corresponding results for the fixed-
effects model, with the overall M-H estimate, are 1.17 (95% CI, 
1.09-1.26, P < .001) (results not shown).

We explored the heterogeneity by visual examination of L'Abbé 
plots (Appendix S3). The information about the heterogeneity 
contained in the forest plots was confirmed in the L'Abbé plot. 
Comparing the L'Abbé plot with RD and RR as effect measures, we 
observed less variability for RR (results not shown). Publication bias 
was assessed by visual examination of a funnel plot (Figure 3). Funnel 
plot asymmetry was explored by the Harbord test, and no statisti-
cally significant asymmetry was found (P = .649). With a small num-
ber of studies, it is difficult to identify publication bias.

3.5 | Effectiveness of culturally tailored educational 
interventions on attendance at the Pap test

RR for the Pap test was 1.54 (95% CI, 1.14-2.09, P = .005), with sub-
stantial heterogeneity (I2 = 75.9%, P < .001). Figure 2 shows the for-
est plot with the individual and overall effects with random-effects 
model. The corresponding results for the fixed model with the over-
all M-H estimate were 1.45 (95% CI, 1.27-1.65, P < .001) (results not 
shown).

The forest and L'Abbé plots confirmed that the effect measure 
for the Maxwell et al (2013) study differs significantly from the other 
included studies. When we deleted this study from the meta-anal-
ysis, we found an increased effect of 84 percent, RR = 1.84 (95% 
CI, 1.50-2.24, P < .001), with I2 = 0.00%, P < .783). Because I2 is 
calculated from a Cochran's Q value of 0.49, and this is less than the 
number of studies minus one, I2 is negative, and therefore converted 
to zero.39 Due to the low number of studies of the Pap test, no fun-
nel plot was made.

Both the analyses of mammography and the Pap test included 
results from Jandorf et al51 and Maxwell et al52 There may be de-
pendence between attendance of mammography and the Pap test. 
Since there was no information about the sample size for those at-
tending both mammography and the Pap test, we were unable to 
estimate the dependence. We have assumed that the dependence is 
only minor and have estimated effect sizes and test statistics under 
standard assumptions of independent samples.

4  | DISCUSSION

The meta-analyses in the current systematic review indicate that 
culturally tailored educational interventions may increase attend-
ance at mammography and the Pap tests among ethnic minority A
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women. These results are consistent with previous reviews that 
have found that theory-based and tailored interventions increased 
screening attendance.28-30 The aim of early detection is to reduce 
mortality and other serious consequences of advanced disease.14 
In settings where early detection and basic treatment are available 
and accessible, the 5-year survival rate for early localized breast 
cancer exceeds 80 percent.53 As a result of public screening pro-
grams in Western countries, cervical cancer rates have decreased 
by as much as 65 percent over the past 40 years.1 Cancer is a major 
global health problem, responsible for 8.8 million deaths in 2015, 
and the number of new cancer cases is expected to rise by about 
70 percent over the next two decades.1 The unabated rise of in-
cidence rates among some of the racial and ethnic groups is of 
particular concern.54

Racial and ethnic disparities in breast and cervical cancer inci-
dence and screening attendance are evident in the United States.54,55 
As well, immigrants in Europe, Australia, and Canada have low levels 
of participation in screening programs.2-13 At the same time, studies 
have found that groups of immigrant women, more often than other 
women, have late-stage cancer when they are diagnosed, a diagnosis 
associated with a higher rate of mortality,56,57 and immigrant women 
have reported cultural, religious, and linguistic barriers to participa-
tion at cancer screening programs in their host countries.16,19,20,23 
Currently, the number of migrants worldwide has reached 250 mil-
lion and grows at a rate greater than the rate of growth of the world's 
population, and high-income countries host almost two-thirds of all 
immigrants.58 Taking into consideration, therefore, the large number 
of affected women, implementation of effective educational inter-
ventions that are relatively inexpensive can potentially reduce dis-
ease, illness, and mortality among women worldwide.

Culturally tailored educational interventions in the current 
study contained theory-based group education, individual coun-
seling, and education provided by local lay health workers or pro-
fessionals and were combined with linguistic tailored brochures, 
video, and media campaigns. Culturally relevant strategies, such 
as relevant graphics, role models, and narrative storytelling from 
cancer survivors from the target populations, were integrated into 
the programs. These types of interventions are often referred to 
as “complex,” because the constituent parts may act both inde-
pendently and interdependently. Thus, defining the “active ingre-
dient” can be less straightforward than in other research topics.35 
Hence, it appears that the most significant clinical issue is to con-
sider what types of intervention work best in a particular setting 
and for a particular population group. Evaluation of public health 
interventions is usually complex, as multiple interventions, out-
comes, participants, settings, and stakeholders are often neces-
sary components. Success invariably depends on health and on 
social and economic contexts that have a wide-reaching and sus-
tainable impact on peoples' lives.35 Because of this complexity, no 
single evaluation method is likely to be appropriate, and a range 
of different study designs are used.35 Indeed, all these differ-
ences contribute to the complexity and, thus, heterogeneity at the 
synthesis stage.35 In the current systematic review, the interven-
tion effect on mammography attendance had low heterogeneity, 
whereas the impact of intervention on attendance at the Pap tests 
generated substantial heterogeneity, mainly due to one study. 
Subgroup analyses can be used to explore the heterogeneity and 
aid the evaluation of differential impacts across groups and in as-
sessing inequalities.35 Unfortunately, the data in the current study 
did not have sufficient statistical power to analyze differences and 

TA B L E  2   Risk of bias

Author (Year)

Selection bias Performance bias
Detection 
bias Attrition bias

Reporting 
bias

Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants and 
personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome data

Selective 
reporting

RCTs measuring mammography attendance

Champion et al (2006) 1 2 2 0 2 0

Jandorf et al (2008) 0 0 2 0 2 0

Lee et al (2014) 0 1 2 0 1 0

Maxwell et al (2003) 1 1 2 0 0 0

Mishra Shiraz et al (2007) 1 1 2 0 1 0

Sadler et al (2011) 1 1 2 0 1 0

Wang et al (2012) 1 1 2 0 0 0

RCTs measuring Pap test attendance

Byrd et al (2013) 0 1 2 0 0 0

Jandorf et al (2008) 0 0 2 0 2 0

Maxwell et al (2003) 1 1 2 0 0 0

O'Brien et al (2010) 1 1 2 0 1 0
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similarities between ethnic minority groups, types of educational 
interventions, or socioeconomic factors, such as education level, 
household income, and previous screening history. Thus, careful 
judgment is needed when interpreting the results.

The results in the current study indicate that education with 
theory-based instructions, culturally relevant materials, and 
linguistically appropriate methods may be effective in enhanc-
ing cancer screening attendance. Linguistically appropriate ap-
proaches have been used for decades as culturally sensitive 
intervention strategies to enhance participants' understanding.59 
Diverse aspects of culture can be incorporated into an interven-
tion, both superficially, through the use of graphics and features 
relevant to the target population, and more deeply, through the 
integration of social and cultural values. Still, culture is a compre-
hensive social phenomenon that includes knowledge, attitudes, 

experience, belief, values, and religion for a group of people.60 As 
well, culture is not static.60 Thus, culturally tailored interventions 
may not necessarily adequately address all aspects of participants' 
cultural characteristics. Knowing participants' characteristics and 
preferences is required in order to choose suitable health educa-
tion materials.30

4.1 | Strengths

A broad range of search terms, combined with multiple comple-
mentary electronic databases supplemented with hand searches, 
contributed to a highly sensitive and thorough literature search. 
The strict and operationalized eligibility criteria, including ex-
clusively RCTs with a study population consisting of only ethnic 

F I G U R E  2   Forest plot. The square data markers indicate risk ratios (RRs) from primary studies, with sizes reflecting the statistical weight 
of the study using random-effects model. The horizontal lines indicate 95% CIs. The diamonds data markers represent the overall RR and 
95% CI with random-effects model, with the overall effect estimated by the restricted maximum likelihood estimate (REML). Heterogeneity 
was estimated using I2 statistics. The vertical lines through the diamonds show the summary effect estimate, next to the line of no effect 
(RR = 1) [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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minority women, allowed us to split the results into two meta-
analyses. Independent reviewers performed study selection, data 
extraction, and risk-of-bias assessment. Only one RCT was as-
sessed as having a high risk of bias. Data were converted into a 
common format and controlled multiple times to reduce the risk of 
error. This resulted in high interrater absolute agreement, and in 
cases of doubt, consensus decisions were used as quality control. 
In addition, we collaborated with experts in database literature 
searches, and one of the authors (PL) is an expert in statistical 
methods for meta-analysis.

4.2 | Limitations

The target of the current meta-analysis was RCTs conducted in 
Western countries. However, as all the included RCTs were conducted 
in the United States, the findings may not be generalizable to other 
Western countries. This is unfortunate, because there are more im-
migrants in Europe than in the United States,58 and the low participa-
tion rates in preventive screening among immigrant women are also 
a significant problem in Europe, Canada, and Australia. Hence, future 
research may want to examine the effectiveness of educational inter-
ventions among ethnic minority women outside of the United States.

All RCTs measured outcome by self-reported data. There is always 
a risk of bias in designs that rely entirely on self-report as a source 
of information for the outcome variable. Two studies validated some 
of their self-report data with medical records. Unfortunately, due to 
the insufficient amount and low quality of the data, it was not possi-
ble to synthesize these data. We recommend that future researchers 
make strong efforts to obtain data from medical records in order to 
validate their self-reported data.

Although we constructed a structured and accurate search 
strategy and carried out comprehensive searches in five databases, 
only seven RCTs met the inclusion criteria for mammography at-
tendance, and four RCTs, for Pap test attendance. Even though 
there were no restrictions regarding language, only Anglophone 

trials were identified. There may be RCTs that our search failed 
to identify.

The current meta-analysis showed substantial heterogeneity for 
Pap test attendance. Due to the low amount of RCTs and insufficient 
information published in the primary study reports, we were unable 
to explore the heterogeneity through subgroup analyses, such as dif-
ferences and similarities between ethnic minority groups, types of 
educational interventions, or socioeconomic factors. Thus, we call 
for careful judgment when interpreting this result.

The current meta-analysis included women of Asian, African, 
Hispanic, or Oceanian origin. However, ethnic minority women are 
a heterogeneous group with many differences, and the women in 
these studies represented diverse ethnic origins. All reviewers are 
recommended to use operationalized definitions,35 but a major 
problem is the inconsistent use and wide variation in the defini-
tions of ethnic minorities and migrants used in empirical studies. 
For example, there is not even a universally accepted definition 
for migrant at the international level.61 To research and analyze 
accurately something like the immigrant phenomenon—or, more 
specifically, the phenomenon of various ethnic minority women 
and their relationship to their health care—then clear and consis-
tent terminology needs to be agreed upon for conducting and re-
porting studies.

5  | CONCLUSION

Interpreted within the limitations set by the low number of stud-
ies and substantial heterogeneity for the Pap test studies, findings 
from the current meta-analyses indicate that culturally tailored 
educational interventions may increase attendance at breast and 
cervical cancer screening among ethnic minority women. RCTs 
conducted outside of the United States are needed to examine 
whether our findings are similar for ethnic minority women in 
other Western countries. To inform clinical practice, more re-
search is required to determine which educational approaches and 

F I G U R E  3   Funnel plot. Funnel plots 
for the meta-analysis of the effects of 
educational interventions on attendance 
at mammography. Circles indicate 
included studies. The effect estimates 
are on the x-axis and standard error 
estimates on the y-axis. The scale of the 
y-axis is reversed, so that studies with 
low precision are placed at the bottom. 
Studies with greater precision and large 
N are at the top of the plot. Asymmetry 
of the plot can indicate publication 
bias [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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settings are the most effective for increasing participation in can-
cer screening.
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