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Abstract
Background: The European Community recommends the implementation of population-based screening
programmes for cervical, breast, and colorectal cancers. This recommendation is supported by many observational
studies showing that organised programmes effectively reduce mortality and control the inappropriate use of
screening tests. We conducted a systematic review of studies assessing the efficacy of interventions to increase
participation in organised population-based screening programs.
Methods: We included all studies on interventions aimed at increasing screening participation published between
1/1999 and 7/2012. For those published before 1999, we considered the Jepson et al. (2000) review (Health Technol
Assess 4:1-133, 2000).
Results: Including studies from the Jepson review, we found 69 with quantitative information on interventions in
organised screening: 19 for cervical, 26 for breast, 20 colorectal cancers, and 4 for cervical and breast cancer
together.
Effective interventions were: postal (breast RR = 1,37 95% Confidence Interval (95% CI): 1.25-1.51; cervical RR = 1.71
95% CI: 1.60-1.83; colorectal RR = 1.33 95% CI: 1.17-1.51) and telephone reminders (with heterogeneous methods for
implementation); GP’s signature on invitation letter (breast RR = 1.13 95% CI: 1.11-1.16; cervical RR = 1.20 95%
CI: 1.10-1.30; colorectal RR = 1.15 95% CI: 1.07-1.24); scheduled appointment instead of open appointment (breast
RR = 1.26 95% CI: 1.02-1.55; cervical RR = 1.49 95% CI: 1.27-1.75; colorectal RR = 1.79 95% CI: 1.65-1.93). Mailing a kit
for self-sampling cervical specimens increased participation in non-responders (RR = 2.37 95% CI: 1.44-3.90).
Conclusion: Although some interventions did prove to be effective, some specific variables may influence their
effectiveness in and applicability to organised population-based screening programs.
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Background
Most government agencies and scientific societies [1,2] recommend cervical, breast, and colorectal screening because
of the burden of these cancers, the availability of screening
tests, and the proven efficacy of screening in reducing mortality (as well as incidence, for cervical and colorectal cancers) [3-5]. Indeed, many observational studies have shown
that organised programmes effectively reduce mortality
and control the inappropriate use of screening tests [6-9].
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The European Community thus recommends implementing organised screening programmes that actively invite the target population [1], primarily by means of a
letter mailed at regular, pre-determined intervals to target
individuals, and many Member States have done so [10].
Public screening programmes must achieve high compliance to be effective and efficient, yet participation is
low in many countries despite standard invitations and
recall systems. In some cases, low participation results
in low Pap-test coverage, with a relevant impact on cervical cancer incidence [11]. In other cases, low participation is due to the greater use of private opportunistic
screening [12,13], which does not of course necessarily
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indicate low coverage. Still, low participation in these
public screening programmes produces negative effects,
mostly in terms of the reduced efficiency and quality of
the health system.
As high participation in screening is the primary goal
of all organised programmes, more and more attention
has been paid recently to how to engage citizens in public health programmes. The concept of informed conscious participation is now considered the standard for
each intervention aimed at influencing citizens’ behaviours [14], particularly when participation in secondary
prevention is not completely free of any risk of unnecessary assessments, overdiagnosis, or even possible overtreatment [15].
Several interventions have been proposed to increase
participation and many quantitative experimental studies
have been conducted to evaluate their effectiveness. In
2000, Jepson R et al. [16] conducted a monumental systematic review and HTA report.
Some systematic reviews since then have focused on a
specific type of screening, such as Cochrane reviews on interventions for increasing the uptake of breast or cervical
screening [17-19], while others have concentrated on specific types of interventions, for example the Cochrane reviews concerning “personalized risk communication” [20]
or “patient decision aids” [21]. Others still have examined
specific populations [22], and finally, some have investigated outcomes related to participation, like the impact of
female screening on future behaviours and health beliefs
of women [23], or the impact of interventions to improve
attendance to female cancer screening among lower socioeconomic groups [24].
As none of these reviews focused on organised screening
programmes, the comparators differ: what is considered an
intervention in one study may be the control in another.
We conducted a comprehensive systematic review of
interventions to increase participation in organised
cervical, breast, and colorectal screening programmes,
using the standard invitation letter as comparator for
all the proposed interventions. The aim of this paper is
to present the results of that systematic review.

Studies comparing interventions versus usual care (including no intervention) and comparisons between different interventions were included in the overall review [25].
A comparison between opportunistic screening methods
(including no intervention) versus organized screening,
and opportunistic screening methods versus no intervention were reported in another article [26]. That paper
compared different interventions to increase the participation in an organized screening setting only. We, instead,
also included studies conducted in the spontaneous
screening setting but only when one group received an invitation letter, with or without a reminder. The comparator was thus always the postal invitation letter.
The efficacy of the interventions was evaluated in
terms of the increased participation in the first level test
of the program.
Randomized controlled trials, experimental studies,
and before and after studies were included for quantitative analysis. Studies were included if published between
1999 and 07/2012. No language restriction was used. A
search of grey literature, including international guidelines, laws, and national and European documents, was
then carried out. Studies found were then classified
based on the screening context (organised or spontaneous) and on country of origin.
Exclusion criteria for the entire review were: different
target population or strongly pre-selected population;
attitudes or perceived outcomes; no control; serious
methodological flaws impeding a comparison between
intervention and control.
In this paper we present the results of studies on interventions aimed at increasing participation that can be
implemented as part of organised screening programmes,
compared to the standard invitation letter. Consequently,
criteria for exclusion from the analyses reported in this
paper also include interventions that could not be implemented in organised screening programmes and there not
being at least one arm with invitation letter (alone or with
a recall). We also do not present results related to interventions comparing different types of test for colorectal
cancer screening [27].

Methods

Search strategy and data extraction

Identification of studies: inclusion and exclusion criteria

The following electronic databases were searched:
PubMed, EMBASE, Cochrane, PsycINFO, LILACS, HTA
and CRD databases. The Italian grey literature was retrieved through a search of regional websites, the Italian
Ministry of Health website, and the National Centre for
Screening Monitoring (ONS) website. For the European
grey literature we searched the sites of all the Ministries
of Health (MoH) of member states, the European Community, and the International Agency for Research on
Cancer (IARC) websites. Other articles were found by
crosschecking the bibliographic citations of selected

The target population of cancer screening in Italy is
women from 50 to 69 years for breast cancer screening,
women between 25 and 64 years for cervical cancer
screening, and men and women between 50 and 70 years
for colorectal cancer screening. We thus excluded all studies whose target populations were outside recommended
target age.
We included all studies on interventions, strategies, or
programmes aimed at increasing participation in the
three cancer screenings mentioned above.
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papers. Some articles in press were found in the reports
of European and of Italian Ministry of Health projects.
Search terms used in PubMed are reported in Additional
file 1; for the other sources the same keywords with appropriate syntax changes were used. The literature search was
based on the strategy used by Jepson et al. [16] in their systematic review. All possible language variations for fundamental terms (participation and types of cancer screening)
were used. The strategy was validated by checking whether
it was able to identify all the cervical, breast, and colorectal
cancer screening related papers included in the Jepson
et al. [16] review on interventions. Some adjustments to increase the sensitivity were also applied to create the final
strategy search described in the Additional file.
Titles were first perused by a researcher to eliminate
articles not relevant to our research. A second assessment was made on the relevance of information found
in the abstracts, with potentially relevant papers selected
for the quantitative assessment of effectiveness. Full
texts of these articles were then retrieved. Excluded
studies were still considered potentially relevant for a
qualitative assessment of the interventions.
Data extraction from quantitative studies was performed by one researcher. Information extracted included author, year, title, place of study, type of study,
sample number, population included, setting, type of
screening, intervention and control, main outcome results as reported by the authors, authors’ conclusions,
and comments. A second researcher extracted all the
numeric data relevant for the quantitative analysis and
the estimated variance and then evaluated their accuracy
in the assessment of uncertainty. Extracted data are
reported in the Additional file 2.

Quality assessment of the studies

The quality of the included studies was evaluated by a
researcher using specific instruments. For trials assessment, the CONSORT list [28] was used. The related
CASP [29] criteria and the Cochrane Collaboration tool
for risk of bias identification were then applied to
synthesize the CONSORT checklist results in a qualitative analysis. Observational or almost-experimental studies, for which the CONSORT list is not appropriate,
were assessed with the STROBE checklist [30] for cohort
studies or cross-sectional studies. The CASP criteria
were then used to judge the quality.
Reasons for exclusion were reviewed by other two researchers independently. In case of disagreement on exclusion, the checklist process was repeated. If, again, no
agreement was reached, the final decision regarding the
exclusion of a study was taken by the principal investigator (PGR). The results are reported in the Additional file
3 and Additional file 4.
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Classification of intervention

Interventions to increase participation in screening
programmes were classified into:
 Interventions aimed at the target population:

◦ Individuals: invitation (letters or telephone calls)
and reminders to non-responders.
◦ Population: educational information, delivery of
publicity through different types of media.
 Interventions to simplify screening tests: offering
test at routine consultations or sending it by mail,
improving screening test options, and/or offering
new test or procedures.
 Interventions related to human resources
management: training on screening programmes
 Interventions related to health services
management: removing administrative, economic,
geographic, and/or time-related barriers.
Data syntheses

For each comparison a synthesis of the intervention’s effect with respective 95% confidence intervals and a test
of heterogeneity were calculated.
Fixed effects model was fitted if the heterogeneity was
not significant, while the random effect model was used
in the presence of significant (p < 0.05) heterogeneity.
The data were analyzed using Review Manager 5 (the
Cochrane Collaboration).
Analyses were carried out by type of screening (breast,
cervical, or colorectal cancer screening).

Results
The selection process of relevant studies is described
elsewhere [26]. Briefly, titles of 10,740 potentially relevant citations were identified and screened; of these,
1,051 abstracts were selected. Of these, 860 studies were
deemed not useful for a quantitative analysis, while 191
were selected for a full-text revision. Ninety-two quantitative studies fulfilled inclusion criteria; the rest irrelevant quantitative studies were excluded. Another 74
studies from the Jepson review were added (Figure 1).
In brief, the main reasons for exclusion were related to:
studies with patient ages different from European recommendations on screening target population; strongly selected population through a questionnaire or a request for
the service; specific target population as well as foreign
community or high-risk subjects; outcomes other than test
execution, such as liking, tendency, or intention. Methodological quality flaws, which made minor contributions to
exclusion, were: absence of a comparator, no clear outcome, or inconsistency between randomization and results.
Of the 166 papers included in our systematic review,
our final analysis included 69 studies related to interventions to increase participation in organised screening
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Potentially relevant
citations (titles) identified
and screened (n=10,740)

Funding was often not clearly described, and almost no
study utilized masking techniques or blinding of assessors.
The follow up completeness was complete and unbiased
in most cases by definition, i.e. lost to follow up coincided with failure (see Additional file 1, Additional file
2, Additional file 3 and Additional file 4).
Of the six studies that adopted a cluster randomization,
5 did not account for it in the analysis. Study power and
the lost to follow up were checklist items that were poorly
reported.

Excluded irrelevant citations

(n=9,689)

Potentially relevant
abstracts identified and
screened (n=1,051)

Excluded abstracts without
quantitative information

Retrieve full text for critical
appraisal (n=191)

Included studies
from Jepson’s
review (n=74)
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(n=860)
Excluded from the review
(age out of screening target, preselected populations;

QT Studies fulfilled
inclusion criteria (n=92)

methodological flaws)

(n=99)

Studies fulfilled inclusion
criteria (n=166)

Not included in the present paper:
opportunistic screening and
comparison between tests
combinations for CRC

Studies included in the
Review (n=69)

Interventions to increase participation in organized
screening programs

(n=97)

Figure 1 Flowchart of included and excluded studies.

programs; the remaining 97 evaluated interventions versus
no intervention or opportunistic strategies or compared
different kinds of test for colorectal cancer screening.
Quality assessment and risk of bias

The CONSORT list was used to assess the trials and the
STROBE checklist for cohort studies or cross-sectional
studies was used to evaluate observational or almostexperimental studies. For studies extracted from the
Jepson review, the quality assessments performed by the
authors were held to be valid.
Although the literature was quite recent, a description
of randomization methods was missing in several studies.

Study and country

letter+recall
Events Total

letter
Events Total

4476
693
2654 59780
64256

4477
282
868 29919
34396

Interventions conducted in an opportunistic setting were
included when there were at least two experimental
arms: one mailed an invitation letter and the other
consisted of mailing the letter plus additional intervention. In this review we only considered the comparison
between letter (considered our standard of care) and letter + other intervention.
Interventions are reported by target: individual, population, health workers, tests, and health service
management.
Interventions to individual
Postal reminders (Figure 2)

Six studies compared mailing a letter with mailing a
letter plus a postal reminder [31-36]. Three of these,
[33-35] which analyzed interventions for mammogram

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Cervical
Eaker 2004 Sweden
Morrell 2005 Australia
Total (95% CI)

2.46 [2.15, 2.81]
1.53 [1.42, 1.65]
1.71 [1.60, 1.83]

1150
Total events
3347
Heterogeneity: Chi² = 37.31, df = 1 (P < 0.00001); I² = 97%
Test for overall effect: Z = 16.18 (P < 0.00001)
Breast
King 1994 USA
Taplin 1994 USA
Page 2006 Australia

159
67
402

381
785
669

100
43
304

1835

Total (95% CI)

628
Total events
Heterogeneity: Chi² = 2.47, df = 2 (P = 0.29); I² = 19%
Test for overall effect: Z = 6.81 (P < 0.00001)

364
786
658

1.52 [1.24, 1.86]
1.56 [1.08, 2.26]
1.30 [1.17, 1.44]

1808

1.37 [1.25, 1.51]

382

1.33 [1.17, 1.51]

447

Colorectal
Lee 2009 USA

250

387

185

0.1

0.2
0.5
1
2
5
10
Favours letter Favours letter+recall

Figure 2 Effect on screening program participation of mail recall in addition to invitation letter vs invitation letter alone.
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screening, showed homogeneous results, all in favour of
the intervention.
Two large pragmatic studies reported an increase in
participation for cervical screening; [31,32] one included
only non-responders in the study population, increasing
the RR’s magnitude [31]. The other study [36] showed a
significant absolute increase in compliance for colorectal
cancer screening.
Telephone recall (Figure 3)

Several studies compared postal invitations with postal
invitations plus telephone reminder. These studies compared various combinations of interventions: letter + letter
(L + L) vs letter + telephone recall (L + T); only letter (L)
vs letter + telephone recall (L + T); letter + letter (L + L) vs
letter + letter + telephone recall (L + L + T).
For mammogram screening, data from eleven studies
were available. Five of them [37-41] compared L vs L +
T, and two of them compared L + L vs L + T [42,43],
while another three studies made both comparisons with

Study and country

Intervention

Letter + telephone recall
Total
Events

factorial designs [33,35,44]. The 11th study found, by
Gierisch et al. [45], tested different types of telephone
counselling. None of these studies had a large sample
size and/or a pragmatic design. Results were statistically
heterogeneous. The three studies with the L + L vs L +
T comparison showed strongly contrasting data: no effect for Richardson et al. [42] and strong positive effect
for King et al. [33] and Vogt et al. [43]. The same thing
occurred for studies comparing L vs L + T: one study
found no effect, [39] while three others reported a significant effect [37,40,41]. Also Page et al. [35] reported
an advantage for telephone call reminders in the comparison L vs L + T, but that advantage disappeared in
the comparison L + L vs. L + T. The advantage was not
present in the comparison L + L vs L + L + T [38]. On
the contrary, Davis et al. [44] found an advantage for
telephone call reminders in both comparisons. Gierisch
et al. [45] (not reported in Figure 3) found a reduction
in the number of days of non-adherence, from 222 in
the enhanced usual care, to 182 and 184 days for two

Letter
Events Total

Risk Ratio
95% CI

Risk Ratio 95% CI

Cervical
Valanis 2002 USA [48]
Vogt 2003 USA [43]
Eaker 2004 Sweden [31]
Oscarsson 2007 Sweden [46]
Heranney 2011 France [47]

L+T vs L+L
L+T vs L+L
L+T vs L
L+T vs L
L+T vs L+L

25
98
260
118
335

129
183
628
400
5310

42
53
67
74
309

127
240
668
400
5352

1.71 [1.11, 2.62]
2.42 [1.85, 3.19]
4.13 [3.23, 5.28]
1.59 [1.24, 2.06]
1.09 [0.94, 1.27]

Breast
King 1994 USA [33]
Mayer 1994 USA [39]
Richardson 1994 N.Zealand [42]
Davis 1997 USA [44]
Davis 1997 USA [44]
Bodiya 1999 USA [37]
Rimer 2002 USA [41]
Valanis 2002 USA [48]

L+T vs L+L
L+T vs L
L+T vs L+L
L+T vs L
L+T vs L+L
L+T vs L
L+T vs L

57
44
118
37
37
49
75

173
92
248
131
131
86
339

51
41
121
20
12
37
49

396
92
247
133
131
102
374

2.56 [1.83, 3.57]
1.07 [0.79, 1.47]
0.97 [0.81, 1.17]
1.88 [1.15, 3.06]
3.08 [1.68, 5.64]
1.57 [1.15, 2.15]
1.69 [1.22, 2.35]

L+T vs L+L
L+T vs L+L
L+T vs L
L+T vs L+L
L+T vs L
L+L+T vs L+L

25
98
61
61
117
728

129
191
785
785
167
2455

44
61
43
67
86
770

127
259
786
785
166
2952

1.79 [1.12, 2.74]
2.18 [1.68, 2.82]
1.42 [0.97, 2.07]
0.91 [0.65, 1.27]
1.35 [1.13, 1.61]
1.14 [1.04, 1.24]

L+T vs L
L+T vs L
L+L+T vs L+L

93
503
126

99
1150
250

92
333
72

103
1051
251

1.05 [0.97, 1.14]
1.38 [1.24, 1.54]
1.76 [1.40, 2.21]

Vogt 2003 USA [43]
Page 2006 Australia [35]
Page 2006 Australia [35]
Püschel 2010 Chile [40]
Hegenscheid 2011 Germany [38]

Colorectal
Thompson 1986 USA [51]
Myers 1991 USA [49]
Myers 1994 USA [50]

0.1 0.2

0.5
Letter

1

5 10
2
Letter + telephone recall

Figure 3 Effect on screening program participation of phone call reminder in addition to invitation letter vs invitation letter and
mail recall.
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types of telephone counselling, one focusing on barriers
only and the other on barriers and positive effects of
screening (p 0.004 and 0.0008, respectively).
For cervical screening, five studies were included: two
compared L vs L + T [31,46] and three compared L + L vs
L + T [43,47,48]. All found an advantage for telephone call
reminders, although there was heterogeneity, with the
largest study [47] showing a modest, non significant effect.
For colorectal screening, three studies were found. In
1991, Myers et al. [49] compared L vs L + T, and in
1994, L + L vs L + L + T [50]. A significant increase was

found in both cases. Thompson et al. [51] found a slight
non-significant advantage to the addition of telephone
calls to two types of interventions (letter and GP contact).
Finally, one study [48] compared a personalized letter
followed by a telephone call vs. a simple letter for Pap
test and mammography and found an advantage of the
intervention over the simple letter.
Face-to-face intervention (Figure 4a)

We found seven studies that evaluated the effect of a
face-to-face reminder, generally at the patient’s home, in

a. Face to face interventions vs letter
Study or Subgroup

letter + face-to-face int
Events
Total

letter
Events Total

Risk Ratio
95% CI

Risk Ratio 95% CI

Breast
Hoare 1994 UK
Sharp 1996 UK
Seow 1998 Singapore
Saywell 1999 USA
Segura 2001 USA
Ahmed 2010 USA

122
36
57
36
216
213

247
315
428
118
340
786

117
21
35
17
165
126

251
160
500
113
317
785

1.06 [0.88, 1.27]
0.87 [0.53, 1.44]
1.90 [1.27, 2.84]
2.03 [1.21, 3.40]
1.22 [1.07, 1.39]
2.35 [1.69, 3.15]

Colorectal
Stokamer 2005 USA

261

396

201

392

1.29 [1.14, 1.45]

0.1 0.2

0.5 1
2
5 10
letter
letter + face to face int

b. Different types of letter. See text for a description of each experimental letter.
Study or Subgroup

Experimental
Events
Total

Control
Events Total

Risk Ratio 95% CI

Risk Ratio
95% CI

Cervical
Segnan 1998 Italy
Stein 2005 UK

770
13

2098
285

759
5

2100
285

1.02 [0.94, 1.10]
2.60 [0.94, 7.20]

31
956
965
86

96
1552
2025
559

33
922
945
102

91
1531
2013
591

0.89 [0.60, 1.33]
1.02 [0.97, 1.08]
1.02 [0.95, 1.08]
0.89 [0.69, 1.16]

112
95
290

382
381
600

95
109
237

381
407
600

1.18 [0.93, 1.49]
0.93 [0.73, 1.18]
1.22 [1.08, 1.39]

Breast
Mayer 1994 USA
Meldrum 1994 UK
Segnan 1998 Italy
Simon 2001 USA
Colorectal
Senore 1996 Italy
Senore 1996 Italy
Cole 2007 Australia

0.1 0.2
0.5
1
2
5 10
Favours control
Favours experimental

Figure 4 Effect on screening program participation of face-to-face interventions (a) and of different types of letters (b).
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addition to invitation letters. All the studies compared
the intervention to a control arm (invitation letter plus a
reminder letter).
For mammogram screening, data from six studies
[52-57] were included, although only one had large sample size and a pragmatic approach [52]. Three found a
significant increase [54-56], while two found no effect
[53,57]. The sixth study, with a stepwise design [52],
found a two-fold increase in participation compared to
the letter (RR 2.35 95% CI 1.69-3.15).
For colorectal screening, only one study was found
[58], which reported a statistically significant increase in
compliance (RR 1.29 95% CI 1.14–1.45).
No study with this type of intervention was found for
cervical screening.
The specific nature of each intervention did not make
it possible to identify any elements in common, with the
exception of the fact that they all required many resources and that, because of small sample size or because of a selection of the population through a stepwise
design [52], they were tested on few persons.
Different types of letters compared each other (Figure 4b)

Data from eight papers, reporting ten studies, are included: three for breast, three for colorectal, one for cervical cancer, and one for breast and cervical screening.
Regarding mammogram screening, the addition of a
gift to the standard invitation letter showed no efficacy
in the Mayer et al. study [39] (RR 0.89 95% CI 0.601.33). Likewise, no difference was found between a letter
for physician referral and a letter for direct access [59]
(RR 0.89 95% CI 0.69-1.16). Other studies with larger
sample sizes evaluating the use of tailored letters [60] or
personal letter with extended text [61] had no significant
impact on compliance.
Concerning colorectal cancer screening, two studies
[62,63] evaluated the impact of advance notification vs
the standard invitation. The studies obtained similar results and the pooled effect was a 14% increase in screening compliance (RR 1.14 95% CI 1.08-1.19, data not
shown in figure). Another study, conducted in Italy [64],
compared the use of an invitation letter signed by different healthcare-related professionals: a GP, a well-known
scientist, or the study coordinator. No difference in compliance was found.
Data from one small English study [65] and an Italian
study [61] with a larger sample are reported for cervical
cancer screening. The first study compared a letter from
a public health doctor (local authority) vs a letter from a
celebrity: a large but not significant effect was found (RR
2.60, 95% CI 0.94-7.20). The second study compared a
personal letter with extended text vs a personal letter:
no effect was found on overall participation, but the extended text did increase the difference in response rate
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between women with low educational level and high
educational level, in favour of the latter.
GP’s signature on the invitation letter (Figure 5)

Six papers on mammogram screening, [34,42,52,55,66,67]
one on cervical [68], three on colorectal [64,69,70], and one
on cervical and mammogram [61] screening evaluated the
positive effect of the GP’s (often electronic) signature
(Figure 5) on the invitation letter, compared to a standard
letter generally signed by a local health service provider.
Only two papers presented three large pragmatic studies (mammogram screening) [61,66]: the paper by Giorgi
(2000) tested a letter co-signed by GP and programme
coordinator in one screening programme, while in other
two studies the GP signed only the reminders. The other
four studies [34,42,55,67], with smaller samples, tested
invitation letters signed by the GP. Pooled estimate
was a modest advantage in favour of the GP-signed letter: +13% (95% CI 11–16). Heterogeneity was low and
only one study [34] found a slightly negative, nonsignificant result. A study with a stepwise design found
an increase in participation in low-income women
when adding a letter signed by the GP to that signed by
the health provider (RR 1.8 95%CI 1.2-2.69; not included in figure) [52].
Both cervical screening studies leaned towards an advantage of the GP letter, although they were heterogeneous: RR 1.17 (95% CI 1.07-1.27) for Segnan et al. [61]
and RR 1.84 (95% CI 1.21-2.81) for Bowman et al. [68].
For colorectal screening the pooled effect was RR 1.15
(95% CI 1.07-1.24) without heterogeneity.
Additional informational material (Figure 6a)

Ten studies evaluated the effect of including pamphlets, leaflets, and booklets with the invitation letter
[31,44,49,56,62,70-74]. Although fundamental points in
these materials were rather homogeneous, interventions
were not entirely comparable.
For breast cancer screening, two small sized studies
were found [44,56]; neither reported a significant effect,
and the results were conflicting.
For cervical cancer, two studies were included [31,72] although only one provided us with information thanks to
the power of the study. However, no effect was found [31].
Finally, six studies were found for colorectal cancer, all
with sufficient power [49,62,70,71,73,74], with results
generally highlighting no impact. Only two studies
showed modest positive significant results [70,71], while
another study provided significant opposite results [74].
Educational individual intervention (Figure 6b)

Three studies were found [75-77] - one for each type of
screening – that evaluated the effect of education/health
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Study and country
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letter from GP
Events Total

letter
Events Total

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Cervical
Bowman 1995 Australia
Segnan 1998 Italy
Total (95% CI)

52
759

178
2100
2278

811
Total events
Heterogeneity: Chi² = 4.32, df = 1 (P = 0.04); I² = 77%
Test for overall effect: Z = 4.19 (P < 0.0001)
Breast
Taplin 1994 USA
Richardson 1994 New Zealand
O' Connor 1998 UK
Segnan 1998 Italy
Giorgi 2000 Italy all target pop.
Giorgi 2000 Italy non-responders
Segura 2001 Spain

150
113
134
945
1577
1897
174

329
203
236
2013
2810
2552
313

Total events
4990
Heterogeneity: Chi² = 9.87, df = 6 (P = 0.13); I² = 39%
Test for overall effect: Z = 11.71 (P < 0.00001)

Total (95% CI)

164
2094
2258

1.84 [1.21, 2.81]
1.17 [1.07, 1.27]
1.20 [1.10, 1.30]

154
329
82
192
120
234
837
2015
29896 59569
3875
6082
157
302

0.97 [0.83, 1.15]
1.30 [1.06, 1.60]
1.11 [0.94, 1.31]
1.13 [1.05, 1.21]
1.12 [1.08, 1.16]
1.17 [1.13, 1.20]
1.07 [0.92, 1.24]

68723

1.13 [1.11, 1.16]

407
600
644

1.09 [0.88, 1.37]
1.23 [1.07, 1.41]
1.11 [1.01, 1.22]

1651

1.15 [1.07, 1.24]

673

8456

Total (95% CI)

Colorectal
Senore 1996 Italy
Cole 2002 Australia
Hewitson 2011 UK

26
647

112
472
374

382
1200
644

35121

109
192
337

2226

958
Total events
Heterogeneity: Chi² = 1.61, df = 2 (P = 0.45); I² = 0%
Test for overall effect: Z = 3.59 (P = 0.0003)

638

0.1

0.2

0.5
1
2
5
letter letter from GP

10

Figure 5 Effect on screening program participation of GP signature on invitation letter vs standard invitation letter.

promotion interventions; all showed significant positive
effects ranging from 20% to 30%.
Interventions on the population

In this section interventions that targeted communities
or entire populations, in addition to the systematic invitation of the target population by letter, were evaluated.
Mass media campaigns

Only one study [78] evaluated the effect of mass educational campaigns in addition to invitations for Pap tests
in Australia. The study found a significant effect that increased participation by 100% (RR = 2.00 95% CI 1.532.61). A quasi-experimental study, it was not possible to
determine how many women among responders had
already been screened.
Community education interventions

Although many screening programmes create educational
campaigns and interventions aimed at communities,

especially in the first years after activation, only three
studies evaluating the effectiveness of these interventions
were found: two from Australia [79,80] and one from the
USA [81].
Clover et al. [80] evaluated three different interventions
for mammography promotion in two sequential cluster
randomised trials: in the first, two towns were randomised
to media promotion (newspaper and radio advertisements)
and two to community participation (creation of a committee of community representatives). In the second, two
were randomised to community participation and two to
family practitioner involvement. In the first trial, community participation intervention had a better effect than
media promotion intervention in both clusters (+29% and
+17%, p < 0.001 and p < 0.01). In the second trial, family
practitioner involvement intervention had a higher effect
compared with community participation intervention; that
effect was significant in one town (+17% p < 0.01), and
not significant in the other (+10% p = 0.1).
King et al. [81] compared three interventions: one was
education-based (with flier and a community education
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a. Printed information material in addition to invitation letter vs. letter.
letter+ additional
information material
Events
Total

Study and country
Cervical
McAvoy 1991 UK
Eaker 2004 Sweden

letter
Events Total

Risk Ratio
95% CI

Risk Ratio 95% CI

14
1638

131
6065

6
1566

124
6092

2.21 [0.88, 5.57]
1.05 [0.99, 1.11]

12
38

131
500

20
35

133
500

0.61 [0.31, 1.19]
1.09 [0.70, 1.69]

2722
373
168
288
458
375

7170
773
450
806
1200
644

2854
210
167
225
237
336

7227
385
450
765
600
644

0.96 [0.92, 1.00]
0.88 [0.79, 0.99]
1.01 [0.85, 1.19]
1.21 [1.05, 1.40]
0.97 [0.85, 1.09]
1.12 [1.01, 1.23]

Breast
Davis 1997 USA
Seow 1998 Singapore

Colorectal
Nichols 1986 UK
Pye 1988 UK
Myers 1991 USA
Hart 1997 UK
Cole 2007 Australia
Hewitson 2011 UK

0.1

0.2

0.5
letter

1

2
5
10
letter+ additional
information material

b. Educational intervention in addition to invitation letter vs. letter.
Study or Subgroup

letter+educational intervention
Total
Events

letter
Total
Events

Risk Ratio
95% CI

Risk Ratio 95% CI

Cervical
Rimer 1999 USA

136

213

106

204

1.23 [1.04, 1.45]

89

135

69

130

1.24 [1.01, 1.52]

55

79

43

79

1.28 [1.00, 1.64]

Breast
Lerman 1992 USA
Colorectal
Gimeno-Garcia 2009 Spain

0.1
0.2
0.5
Favours experimental

1

2
5
Favours control

10

Figure 6 Effect on screening program participation of printed information material (a) and of educational interventions (b).

programme), one was based on removing barriers to mammography access (with mammography appointments and
transportation), and the third was a combination of the first
two. Neither the educational intervention nor the combination had any effect, while a non-significant effect of +7%
(p = 0.08) was observed for barrier-removing intervention.
Finally, Brown et al. [79] compared an intervention
promoting cervical screening based on newspaper articles, leaflets, posters, and talks to women’s groups with
standard intervention, with six communities per arm being randomized. Although one community randomised
to the intervention arm did not participate in the study,
the authors noted a significant increase (p < 0.01) in the
number of women attending cervical cancer screening
even in the intention-to-treat analysis (+22%). There
were no corresponding increases in the comparison
region (−4%).

For all studies, analyses did not adequately take into
account cluster randomization, so the variance could be
strongly underestimated and therefore the significance
overestimated.
Interventions to simplify the test

In this category we considered all studies evaluating the
effect on screening compliance of interventions aimed at
simplifying the testing or sampling procedures. Many
studies concentrated on the effect of mailing a device for
biologic sample self-collection directly to the home of
the target population. The only two tests currently available that allow self-sampling are the faecal occult blood
test (FOBT), for colorectal cancer, and the human Papillomavirus (HPV) test, for cervical cancer.
Self-sampled cervical samples are only validated for
HPV testing, not for Pap test. Seven studies tested the
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We did not include any studies comparing different
types of tests for colorectal cancer screening: interventions
concerning FOBT sampling modalities (dietary restriction,
number of stool samplings, FIT vs Guaiac) or comparison
between endoscopy and FOBT or self-sampling for HPV
test [27].
One study [36] showed an effect of the reminder on
subjects who received the FOBT kit at home, with a
+33% increase in returned samples (p < 0.001).

effectiveness of this intervention on non-responders
[82-89], compared to a recall for Pap test at the clinic
(Figure 7a). All the studies observed positive effects albeit with different magnitudes. Only one pragmatic trial,
which was conducted in Mexico and which targeted the
whole population, not only non-responders, compared
the participation to HPV with self-sampling to invitation
to a clinic-based Pap test. A slightly lower compliance in
the self-sampling arm was observed, mostly due to those
women to whom the self-sampler was not mailed because they were not found at the address to which an
advance notice letter had been sent [90].
For colorectal cancer screening, six studies compared
mailing the FOBT sampling kit with an invitation to the
whole target population to pick up the kit at the clinic
[73,91-95] in order to determine whether the former
both increased compliance and reduced front office
workload (Figure 7b). Five of these studies, including
two large pragmatic trials [92,95], found a positive effect,
while the sixth [73], also a large pragmatic trial, found a
significant negative effect when compared to a scheduled
appointment with the GP but a positive effect when
compared to request to schedule an appointment.
Finally, only one study also tested a strategy of mailing
the kit to non-responders only and found a modest positive effect [93].

Intervention to health service management
Invitation appointments (Figure 8)

Five studies compared scheduled screening appointments
with open appointments: one for breast [96], one for colorectal [73], two for cervical [97,98], and one for both breast
and cervical cancer screening [61]. Of these five studies,
two [61,73] were pragmatic trials with very high power.
All the studies found an advantage for scheduled appointments. For mammography, the pooled effect was RR
1.26% (95% CI 1.02-1.55), with significant heterogeneity
because of the high power of the studies. For cervical
screening, the pooled estimate was RR 1.49 (95% CI 1.271.75), without substantial heterogeneity, while for colorectal cancer, Nichols et al. [73] showed a RR of 1.79 (95% CI
1.65-1.93).

a. Mailing of a self-sampling device for HPV testing vs recall for Pap test at the clinic in non-responder women.
Study and country
Giorgi Rossi 2010 Italy
Gok 2010 Netherlands
Gok 2012 Netherlands
Piana 2011 France
Szarewski 2011 UK
Virtanen 2011 Finland
Wikström 2011 Sweden

self-sampling direct mail
Events
Total
121
7404
7870
939
153
756
779

standard recall
Events Total

616
26920
25561
4400
1500
2397
2000

86
46
17
311
68
1631
188

Risk Ratio
M-H, Fixed, 95% CI

619
277
261
4934
1500
6302
2060

1.41 [1.10, 1.82]
1.66 [1.27, 2.16]
4.73 [2.98, 7.49]
3.39 [3.00, 3.82]
2.25 [1.71, 2.97]
1.22 [1.13, 1.31]
4.27 [3.68, 4.94]

63394
15953
Total (95% CI)
Total events
18022
2347
Heterogeneity: Tau² = 0.44; Chi² = 389.85, df = 6 (P < 0.00001); I² = 98%
Test for overall effect: Z = 3.38 (P = 0.0007)

2.37 [1.44, 3.90]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2
0.5 1
2
5 10
standard self-sampling

b. Mailing the FOBT kit to residence vs invitation to pick up the kit at the clinic.
Study and country
Elwood 1978 USA
Nichols 1986 UK vs scheduled appointment
Nichols 1986 UK vs request appointment
Mant 1992 UK
Church 2004 USA
Segnan 2005 Italy

mailing FOBT
Events
Total

picking up FOBT
Events
Total

Risk Ratio 95% CI

309
3108
3108
229
307
682

2007
8136
8136
801
816
2266

353
1809
587
83
93
1654

4100
3698
2142
402
435
5893

1.79 [1.55, 2.06]
0.78 [0.75, 0.82]
1.39 [1.29, 1.50]
1.38 [1.11, 1.73]
1.76 [1.44, 2.15]
1.07 [0.99, 1.16]

Giorgi Rossi 2011 Italy previously responders 1006
Giorgi Rossi 2011 Italy non-responders
307

1596
2107

908
226

1600
2112

1.11 [1.05, 1.18]
1.36 [1.16, 1.60]

Risk Ratio
95% CI

0.1 0.2
0.5
1
2
5 10
picking up FOBT mailing FOBT

Figure 7 Effect of mailing self-sampling devices to increase participation in non-responders. This method applies only to cervical and
colorectal cancer with devices for HPV testing (a) and faecal occult blood testing, respectively (b).
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Scheduled
appointment
Study or Subgroup

Events

Total

56
51
759

118
168
2100

Page 11 of 16

Open appointment
Total
Events

Risk Ratio
M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Cervical
Wilson 1987 UK
Pritchard 1995 Australia
Segnan 1998 Italy
Total (95% CI)

39
53
474

2386

122
206
2093

1.48 [1.08, 2.05]
1.18 [0.85, 1.63]
1.60 [1.45, 1.76]

2421

1.49 [1.27, 1.75]

204
2016

1.14 [1.04, 1.26]
1.39 [1.28, 1.50]

2220

1.26 [1.02, 1.55]

2142

1.79 [1.65, 1.93]

Total events
866
566
Heterogeneity: Tau² = 0.01; Chi² = 3.10, df = 2 (P = 0.21); I² = 36%
Test for overall effect: Z = 4.81 (P < 0.00001)
Breast
Williams 1989 UK
Segnan 1998 Italy

162
945

Total (95% CI)

188
2013

154
683

2201

Total events
1107
837
Heterogeneity: Tau² = 0.02; Chi² = 11.40, df = 1 (P = 0.0007); I² = 91%
Test for overall effect: Z = 2.17 (P = 0.03)
Colorectal
Nichols 1986 UK

1809

3698

587

0.1 0.2
0.5
1
2
5
10
Open appointment
Scheduled appointment

Figure 8 Effect on screening program participation of scheduled appointment vs open appointment.

Intervention to reduce logistic barriers

Some studies evaluated organizational strategies to reduce logistic barriers related to the necessity of travelling
to undergo the tests.
One Italian study [99] evaluated the effect of using
GPs instead of a screening centre to hand out and return
the FOBT. The study showed a strong advantage of
using GPs (RR 3.1; 95% CI 2.9-3.4), but also underlined
the difficulties for GP involvement; in fact, only 25%
agreed to participate in the study.
A non-randomised Italian study [100] showed higher
participation when using pharmacies instead of a screening centre to hand out and return the FOBT.
Finally, another study [101] analyzed the use of mobile
mammography, finding a 20% increase in compliance (p <
0.01). However, this study presented several methodological limits about effect evaluation.
GP reminder in addition to the invitation letter

A systematic review of the studies evaluating GP involvement through reminder systems for non-responders to the
invitation letter to the screening program, compared to
systematic mailings of an invitation letter, was carried out
as sub-project under the HTA program sponsored by the
Italian Ministry of Health [25,26].

Discussion
In our systematic review we tried to include all interventions aimed at increasing participation in oncologic
screening programmes, primarily following the framework adopted by Jepson et al [16]. Since organised

population-based screening is recommended by the
European Commission Guidelines and by Italian law, we
focused on the interventions that are applicable to
organised screening models and, from this point of view,
we defined “standard care” as the systematic invitation
of the whole target population.
Like the previous systematic review, we classified the interventions according to their target: individuals, communities, health operators, or the health service organization.
In line with the conclusions of the previous systematic
reviews [16-19], letter or phone reminders can be considered evidence-based practices. We also confirmed the
evidence on effective interventions to reduce barriers,
particularly logistical, as well as the evidence on scheduled appointment compared to open appointments [16].
In our review recent papers confirmed that printed information material offers no advantage, reaching conclusions that differ from those in Bonfill-Cosp’s review for
breast cancer screening. Recent papers also led us to
change the conclusion concerning the GP signature,
which was classified as scarce evidence in the previous
review [16], but which consistently proved effective in
our review, albeit with a modest effect. Our review confirms the scarcity of sound studies measuring the effect
of mass media campaigns and community-based interventions. Further, we found no new study evaluating
such interventions, meaning that there are still relevant
epistemological and methodological problems in producing evidence for complexes interventions, particularly
in prevention, but also that the interest in this field has
decreased over the last decade. Finally, we had the
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opportunity to evaluate the mailing of self-sampling device for HPV testing to increase cervical cancer screening participation; all the studies on this topic have been
published since 2010 and could therefore not be evaluated in previous reviews and for which there was only a
non-systematic review [102].
It must be noted that we included for meta-analyses
only 40 out of 148 quantitative studies and reports. Few
were excluded because of poor methodology, while most
were excluded because their aim was to improve spontaneous screening and thus the results were not applicable to an organised screening model. In fact, most of
the studies we found in our search were conducted in
the USA, where spontaneous screening is the predominant model. As a consequence, these studies differ from
those conducted in Europe in that the American studies
are usually smaller, and framed within a spontaneous
screening model even when they test an organised
model. Consequently, they rarely take a pragmatic approach. Instead, most of the European studies are
framed within organised screening, which invites the target population by letter or through the GP. Consequently, they usually have large sample sizes, use a
pragmatic approach, and test small variations in the
screening routine.
In the section on quality assessment and risk of bias,
we identified several problems concerning how the studies were reported. The randomisation and allocation
methods were poorly described; as the population examined in most of the studies was assigned to the intervention or control before they received the service, the
researchers had no information regarding their propensity to respond, making any selection bias during
randomization and allocation impossible. Consequently,
most studies did not attempt any concealment of the allocation. Also, funding and grants were not always specified; the vast majority of those that did not report this
information, however, were funded by public or nonprofit organizations, meaning that there may have been
a financial conflict of interest. Virtually none of the studies was conducted blind, given that the kind of interventions used made blinding impossible for operators, and
given that the subjects were nearly always unaware of
their participation in a study. Formal blinding of assessor
was adopted in a few studies, but we must take into account that the outcome assessment in most studies was
conducted through automatic database check or by electronic record linkage, techniques which are quite immune to ascertainment bias. Another poorly reported
checklist item was the loss to follow up. For most experimental and observational studies included in this
systematic review, loss to follow up by definition cannot
exist: the randomized, invited subject is a success if he/
she undergoes screening and a failure if he/she does not.
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So, while loss to follow up and failures are indistinguishable from each other, this does not invalidate the validity
of the comparison between the successes in the two
arms.
Of the 6 studies that adopted cluster randomization,
only one took this into account in the analysis. The
study’s power was one of the least-often provided checklist items. It is very relevant for efficacy trials but not essential for effectiveness trials, in which experimentation
and intervention implementation are very similar and
whose sample can coincide with the population.
Only a few studies requested patient consent for study
participation; most of these were excluded from the
quantitative analysis because the population evaluated
was pre-selected. We agree with most of the researchers
who did not request patient consent as the purpose was
not to study a new test but to study the organizational
modality used to offer it; the patient was in any case
utilizing a validated and evidence-based practice of
prevention.
Finally, most of the studies published after 2000 mention the issue of informed participation, either in the
introduction or in the discussion. None of the included
studies, however, actually tried to measure the consciousness of participants. There are intrinsic difficulties
in measuring informed consent in screening [103] and it
is possible that our including only quantitative studies
made finding the most appropriate literature on this
point difficult.
We used the CONSORT checklist and the Cochrane
risk of bias tool to guide our quality appraisal, although
these instruments were developed primarily for clinical
trials. Applying the criteria developed to evaluate possible biases in pharmacological trials to prevention trials
may lead to overestimating some risks and even to ignoring some others specific to those interventions that
are applicable to large, healthy populations.
The main limit of our analysis is that we included randomized or experimental studies almost exclusively; there
is now a lot of observational data, however, some of it in
the grey literature, that may provide a great deal of information on this topic. In fact, routine statistics of screening
program performance are available [104-106] and trend
data, as well as ecological analyses, may indicate which
strategies are more effective in improving participation.
The study comparing the Dutch cervical cancer screening
program use of family practice-based and the health service clinic-based invitation system [107] is a good example
of the relevance of observational studies.

Conclusions
Among the measures to increase participation in organized screening:
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 There is solid evidence of a modest positive effect of













postal reminders. There is also a positive effect of an
advance notification letter for colorectal cancer
screening. Telephone calls are generally more
effective, however, even though they have been
assessed for the most part in studies that have not
taken a pragmatic approach;
Different styles of letter presentation may affect
participation. In particular, there is evidence that
long, detailed letters may increase inequalities in
participation, discouraging those with lower
educational level;
There is solid evidence of a modest, positive effect
of the GP signing the invitation;
Evaluations of public information campaigns have
had heterogeneous results;
There is solid evidence of a positive effect of a
scheduled appointment compared to an open
appointment;
Strategies to reduce logistical barriers, even with the
methodological limitations of the studies, seem to be
very effective;
Mailing a self-sampling device to non-responders
significantly increases participation in cervical
cancer screening;
Mailing the FOBT kit results in higher compliance
than does the invitation to pick up the kit at the
clinic; this could drastically reduce the workload for
screening services.
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