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Abstract

Background: Two previous reviews found that access-enhancing interventions were effective in increasing mammography
uptake amongst low-income women. The purpose of this study was to estimate the magnitude of the effect of
interventions used to increase uptake of mammography amongst low-income women.

Methods: Searches were conducted in MEDLINE and EMBASE (2002–April 2012) using relevant MeSH terms and keywords.
Randomised controlled trials which aimed to increase mammography use in an asymptomatic low-income population and
which had as an outcome receipt of a mammogram, were eligible for inclusion. The primary outcome was the post-
intervention difference in the proportion of women who had a mammogram in the intervention and control groups. The
quality of the studies was assessed using the Cochrane risk of bias tool. We calculated summary estimates using random
effects meta-analyses. Possible reasons for heterogeneity were investigated using sub-group analyses and meta-regression.
Publication bias was assessed using Egger’s test.

Results: Twenty-one studies met the inclusion criteria, including 33 comparisons. Interventions increased the uptake of
mammography in low income women by an additional 8.9% (95% CI 7.3 to 10.4%) compared to the control group. There
was some evidence that interventions with multiple strategies were more effective than those with single strategies (p
= 0.03). There was some suggestion of publication bias. The quality of the included studies was often unclear. Omitting
those with high risk of bias has little effect on the results.

Conclusions: Interventions can increase mammography uptake among low-income women, multiple interventions being
the most effective strategy. Given the robustness of the results to sensitivity analyses, the results are likely to be reliable. The
generalisability of the results beyond the US is unclear.
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Introduction

Breast cancer is the most common female cancer in developed

countries [1]. There is a substantial body of evidence that shows

the earlier breast cancer is detected the greater the chance of

survival [2,3]. In the EUROCARE-4 (1995–1999) study [4], 5-

year relative survival varied between 23 European countries,

ranging from 69.2% in the Czech Republic to 88.0% in Iceland,

with the figure for the UK close to the mean at 77%. A main

determinant of low survival in breast cancer is advanced stage at

diagnosis [5]. Mammography is widely accepted as a useful and

feasible way of detecting early malignancies; although there are

ongoing discussions regarding the effectiveness of mammographic

screening, relating to false positive rates and over-diagnosis [3,6].

We have recently demonstrated that about two thirds of the

inequalities in 5-year breast cancer survival in South West

England are attributable to non-attendance at screening [7].

The potential impact of increasing screening attendance on

inequalities in breast cancer outcomes is therefore considerable.

Recent studies have shown that the rates of mammography

utilisation have steadily been increasing [8]. However, women

from ethnic minorities, older women and women of low-income in

the UK [9] and the US [10–12] are less likely to attend

mammography.

Although interventions to increase attendance at mammogra-

phy have been evaluated [13], the increases do not always occur

equally. Women with historically low rates of screening do not

necessarily benefit from interventions offered on a population

level; indeed, if interventions work better in improving attendance

amongst higher income women there is a risk that those

interventions could increase inequalities [14].

The aim of this study was to synthesise recent randomised

controlled trials (RCTs) which aimed to increase mammography

amongst women of low-income. A previous systematic review and

meta-analysis [15] found that access-enhancing interventions were
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the most effective. Another systematic review [16] concluded that

interventions which used peer educators, or were access-enhancing

or which used multi-component strategies were effective in

increasing mammography amongst low-income women. This

review is intended to update these publications with more rigorous

methodology, including meta-analyses, exploration of sources of

heterogeneity and quality assessment. The specific objectives are

to synthesise the recent efforts to increase uptake of mammogra-

phy amongst low-income women and to try to identify which

intervention characteristics contributed to how effective they were.

Methods

We undertook a systematic review of the published literature,

using methods following the PRISMA statement [17].

Search strategy
A search strategy using text and exploded MeSH terms

(Table s1) was developed by two authors. Using this, searches of

MEDLINE and EMBASE for articles published from 2002 to

April 2012 were performed. An additional hand search was

performed of the bibliographies of relevant studies identified from

the computerised search. We also contacted the author of a

conference publication to ascertain if the study had been published

in a peer reviewed journal.

Inclusion criteria
To be included a study had to a) state that the study aimed to

increase mammography use in an asymptomatic low-income

population b) have as an outcome receipt of mammogram (rather

than intention to attend mammography) either by self-report or

medical records and c) be a RCT published in full. No language

restriction was applied to the search. Studies which tested single or

multiple interventions were included. If the target population was

chosen based on ethnicity then we checked the income data in the

paper and included the study if the participants were from a low-

income population. If there was no income data then we excluded

the study. We excluded studies where randomisation was on a

county or area level but included those randomised on small group

level, e.g. church. Titles and abstracts and if necessary, full text

articles were independently reviewed by two authors (MG, MJ). In

cases of uncertainty, eligibility was decided through discussion. A

protocol does not exist for the systematic review.

Data extraction
Data extraction tables were developed and modified following

discussions between two reviewers prior to extraction of data.

Relevant participant, intervention, control and outcome data were

extracted, see Tables 1a and 1b. When more than one length of

follow-up was extracted per study, the longer follow-up length was

included in the analysis. Data extraction was performed by two

reviewers and differences were resolved through discussion.

Interventions were classified as ‘simple’ (e.g. a letter, phone call,

video, computer-assisted instruction, print media (including

tailored magazines) or access to free mammography); ‘face to

face’ (e.g. an education session or home visit) or ‘multiple’ (multi-

component interventions e.g. phone call and letter). Time lag was

defined as the time from the end of the intervention to the date of

publication. The primary outcome was defined as the difference in

the proportion of women who had had a mammogram by the end

of the follow-up period between the intervention and control

group (Table 2).

Statistical analysis
Due to the expected heterogeneity in the effect of interventions,

we performed random effects meta-analyses [18]. We investigated

between study heterogeneity using I2 statistics [19]; values of

,25%, 25–75% and .75% represent low, medium and high

heterogeneity respectively. We examined potential sources of

heterogeneity, including intervention type (simple, face to face or

multiple), length of follow-up, outcome source (self-reported or

medical records), study quality, time lag and location (urban or

rural) by sub-group analyses and meta-regression [20], for which

we used post-estimation Wald tests to obtain F ratios and p values.

Study quality was assessed independently by two reviewers using

the Cochrane risk of bias tool [21]; discrepancies were resolved by

consensus. Our assessment was based on four of the six criteria:

random sequence generation; allocation concealment; blinding of

trial personnel or outcome assessors and incomplete outcome data.

Blinding of subjects was not assessed, as this would not be feasible

in studies of behavioural interventions. Selective outcome report-

ing was not assessed since the majority of studies would likely fall

into the unclear category due to the lack of availability of study

protocols. Other potential sources of bias on each study were also

identified. For each criterion, studies were assessed as being at

high, low or unclear risk of bias. We included the three most

important domains (random sequence generation, allocation

concealment and incomplete outcome data) as covariates in the

meta-regression. We used funnel plots to assess publication bias

and tested the symmetry of the funnel plots using Egger’s test

[21,22].

We undertook a series of sensitivity analyses. We repeated the

analyses having omitted one very large study (two comparisons)

[23] and the one non-US based study [24]. We also repeated the

analyses having omitted the studies with a high risk of bias for at

least one of the key quality domains (a priori).

Results

The search identified 315 studies. Two hundred and fifty eight

studies were excluded from their title and abstract, as they were

not relevant to the review. Following assessment of full text

articles, 36 were excluded (see Figure 1 for details) and 21 studies

(33 comparisons) were included in our meta-analyses.

The characteristics of the included studies are detailed in

Tables 1 and 2. In seven studies, ethnicity was used as an inclusion

criteria, all were solely African-American women [25–31].

Ethnicity was reported in a further 11 studies, see Table 2.

The post-intervention risk differences (expressed as a percent-

age) between intervention and control ranged from 28% (95% CI

214% to 21%; Table 3) [32], i.e. fewer women in the

intervention received mammography compared to the control

group, where the intervention was a personalised tailored letter, to

64% (95% CI 56% to 72%; Table 3) [24] where the intervention

was a multi-component strategy including mail, phone call and a

home visit. This most effective intervention was the study from

Chile [24] and the treatment received by the control group was a

combination of usual and opportunistic care. In the study where

the control was more effective than the intervention, the treatment

received by the control group was a pamphlet [32].

The overall pooled analysis showed that interventions increased

the uptake of mammography in low-income women by a

difference of 8.9% (CI 7.3 to 10.4%) compared with women in

the control group (Table 4; Figure 2). There was evidence of

substantial heterogeneity in meta-analysis of association between

intervention and mammography uptake (I2 = 96.2%, p,0.001).

Interventions for Mammography in Low Income Women
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Table 1. Description of studies included in the review.

Reference
Source of
participants

Screening status
of participants

Description of
intervention

Control group
treatment

Period of
intervention

Additional
Details

Ahmed, 2010 [51] Managed Care
Organisations

Non-compliant in
previous 2–3 years.

Simple- Reminder letter
Multiple- Two reminder
letters and counselling

Usual care 1999-2001 Free mammography
for eligible members.

Champion, 2006 [30] Clinics, churches
and low income
housing
associations

No mammogram
in the previous
18 months.

Simple- Culturally appropriate
video; Simple- Interactive,
computer-assisted instruction

Pamphlet Unclear Free mammography.
Assume pamphlet was
control group.

Champion, 2007 [52] Clinic and health
maintenance
organisations

No mammogram
in the previous
18 months.

Simple- Tailored phone call
Simple- Tailored print media
Multiple- Tailored phone and
print

Usual care 1996-2002

Dietrich, 2006 [35] Community and
migrant health
centres

Overdue for at
least one
screening

Multiple- Four phone calls
and written material

Usual care and
one phone call
and written
material

2001-2002

Dietrich, 2007 [53] Medicaid managed
care organization
(MMCO)

Overdue for breast,
cervical or
colorectal
screening

Simple- Three scripted
telephone calls to identify
barriers and provide support.

Modified version
of telephone
outreach
programme, also
in up to 3 calls.

May to
December
2005

Jibaja-Weiss, 2003 [32] Community Health
Centres

No mammogram
or PAP in the
previous 2 years.

Simple- Personalised tailored
letter; Simple- Personalised
form letter

No communication Unclear

Kim, 2004 [37] Korean Churches
in Los Angeles

No mammogram
in the previous
12 months.

Simple- Free/low cost
mammography Multiple- Peer
group education and free/low
cost mammography

Cholesterol
education, blood
tests and
osteoporosis
screening

Unclear Low cost/free
mammography at
church

Kreuter, 2005 [28] Urban public
health centres

Not inclusion
criteria but
54.6% had a
mammogram
in the last 12
months

Simple- 6 behaviourally
tailored magazines (BCT);
Simple- 6 culturally relevant
magazines (CRT); Multiple-
BCT and CRT magazines

Usual care 1998-2000

Maxwell, 2003 [34] Nine community
based organisations
and six churches

Not inclusion
criteria but 48%
had a mammogram
in the last 12
months

Face to face- Cancer screening
education session with Filipino
health educator, physicians
and nurses

Physical activity
education session

Unclear Information packages
provided where free
mammograms were
available.

Mishra, 2007 [54] Samoan speaking
churches

No mammogram
in the previous 2
years.

Face to face- 4 weekly group
sessions on mammography
run by Samoan nurses

Usual care 1998-2001

Nuño, 2011 [33] Community survey Not stated Face to face- Two hour group
education session with
community lay health worker

Usual care and
mail and phone
reminder to have
mammography

2002-2005

Oleske, 2007 [55] Hospitals Not inclusion
criteria

Face to face- Breast cancer
survivors trained to educate
relatives

Pamphlets for
relatives

2000-2002

Paskett, 2006 [36] Consortium of
community health
centres

No mammogram
in the previous
12 months

Face to face- Individual health
education program that was
tailored to the needs of each
woman

Written material
on cervical
screening and
advice

1998-2002

Phillips, 2010 [56] Three internal
medicine practices

No mammogram
in the last 18
months

Multiple- Patient navigator
system including phone call
and letter

Usual care February to
November
2008

Free for publically and
uninsured.

Powell, 2005 [29] 13 African
American
churches

Not in inclusion
criteria

Face to face- Group education
Multiple- Group education and
home visit by a home health
educator.

Group information
session

Unclear

Puschel, 2010 [24] Community clinic No mammogram
in the last 2 years

Simple- mail contact; Multiple-
mail plus phone contact plus
home visit

Usual care plus
opportunistic
care-
mammogram
advice at clinic

From 2008 Received free health
care

Interventions for Mammography in Low Income Women
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Sub-group analyses are shown in Table 4. There was weak

evidence that that the association between intervention and

mammography uptake varied by intervention type (F ratio = 3.00,

p = 0.06; Table 4; Figure 3). The association was stronger for

multi-component compared with simple interventions. This effect

was driven by the largest effect of intervention in the multiple

group (F = 5.06, p = 0.03; comparing multiple to simple interven-

tion). There was weak evidence to suggest that the effect of the

intervention was stronger in studies with a shorter length of follow-

up (#6 months) (Figure s1A in File S1). There was little evidence

that that the association between intervention and mammography

uptake varied by source outcome (medical records or self-reported)

(Figure s1B in File S1) or by location (urban or rural) (Figure s1C

in File S1). When intervention type, follow-up group and source

outcome were included as covariates in a meta-regression analysis,

heterogeneity remained substantial (I2 = 89.2%). We found little

effect on pooled risk difference whether mammography was free or

not (Figure s1D in File S1), whether control was usual care or not

(Figure s1E in File S1) or by level of randomisation (Figure s1 F in

File S1).

Risk of bias
The outcome of the risk of bias assessment is shown in Table 5.

Two studies were assessed as having a high risk of bias in the

random sequence generation [29,33]. Four studies were consid-

ered to have a high risk of bias for allocation concealment [31,33–

35] and one further study had a high risk of bias in the second

stage of their two-stage study design [27]. The risk of bias from not

blinding trial personnel or outcome assessors was low/unclear in

all studies. Four studies were assessed has having a high risk of bias

for addressing incomplete outcome data [25,28,32,36], three of

those [28,32,36] did not use intention to treat analysis and in the

other study there was unequal loss to follow-up [25]. Using meta-

regression, there was little evidence that the association between

intervention and mammography uptake varied by risk of bias

classification (low, unclear or high) for random sequence

generation (F ratio = 0.12, p = 0.89), allocation concealment (F

ratio = 1.36, p = 0.27) or incomplete outcome data (F ratio

= 1.22, p = 0.31).

Publication bias
The Egger test showed evidence of small study bias (bias = 2.61,

p = 0.001) but this test was skewed by the two comparisons from a

very large study [23]. Having omitted these, there was little

evidence for a small study bias with the funnel plot (Figure s2A in

File S1) or Egger plot (Figure s2B in File S1; bias = 0.96,

p = 0.43).

Time lag bias
We recorded the time lag between the end of the intervention

period and the date of publication and this was classified into

#4 years and .4 years. For seven studies this could not be

determined. There was weak evidence that a shorter time lag was

associated with a stronger association between intervention and

mammography uptake (F ratio = 2.94, p = 0.10; Figure s2C in

File S1), indicating that studies showing a strong effect tend to be

published sooner.

Sensitivity Analyses
Omitting one large study [23] had little effect on the

associations between intervention and mammography uptake

(data not shown). Apart from one [24] where participants were

from primary care in Chile, all the trials were conducted in the

US. Having omitted that, the overall pooled analysis showed that

interventions increased the uptake of mammography in low-

income women by a difference of 5.6% (CI 4.3 to 6.0%) compared

with women in the control group. There was now stronger

Table 1. Cont.

Reference
Source of
participants

Screening status
of participants

Description of
intervention

Control group
treatment

Period of
intervention

Additional
Details

Russell, 2010 [31] Health Centre No mammogram
in the last 15
months

Multiple- Tailored computer
programme and four lay
health advisor counselling
sessions

Culturally
appropriate
pamphlet and
postcard with
nutritional
information

2006-200

Slater, 2005 [23] Community based Not in inclusion
criteria

Simple- Two simple mailings
to access free mammogram
Multiple- Two simple mailings
to access free mammogram
plus a $10 incentive for those
who completed a
mammogram within 1 year

Not stated 1999-2001 Free mammograms for
all with Sage

West, 2004 [27] Family Health
Centre

No mammogram
in the previous 2
years

Simple- At stage 1, a
personalised letter; Simple-
At stage 2, a tailored phone
call

At stage 1, usual
care; At stage 2,
a tailored letter

October 1997
and May 1999

No cost for
mammography

Young, 2002 [25] Primary care No mammography
in the previous 12
months

Multiple- Cancer education
programme and appointment
for free on-site mammography

Observational
assessment which
included a
telephone
questionnaire

Not stated.

Zhu, 2002 [26] Public housing
complexes

Not stated Face to face- Lay health
education home visits by
African American women

Not stated 1997-

doi:10.1371/journal.pone.0055574.t001
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evidence that the association between intervention and mammog-

raphy uptake varied by intervention type (F ratio = 4.07, p = 0.03).

Again, the association was stronger for multi-component com-

pared with simple interventions (F ratio = 8.13, p = 0.01).

Including intervention type, follow-up group and source outcome

as covariates in a meta-regression analysis, the heterogeneity was

now reduced to a moderate level (I2 = 61.2%). There was little

effect on the other analyses (data not shown). Omitting the studies

with a high risk of bias for either random sequence generation or

allocation concealment or incomplete outcome data had little

effect on the analyses (data not shown).

Discussion

The results of these meta-analyses showed that interventions can

increase the uptake of mammography in low-income women.

There was weak evidence that this association varied by type of

intervention. This effect was driven by the largest effect of

intervention in the multiple group (comparing multiple to simple

intervention). Indeed, ‘face to face’ interventions were no more

effective than simple interventions in increasing mammography

uptake in low-income women. There was weak evidence to suggest

that the associations were stronger in studies with a shorter length

of follow-up. There was little evidence that the association between

intervention and mammography uptake varied by source outcome

(medical records or self-reported), location (urban or rural),

whether mammography was free or not, whether control was

usual care or not or by level of randomisation.

Explanation of findings
Multiple interventions showed the largest difference between

intervention and control groups (20.7%). This is consistent with

the findings of Legler [15], where multiple interventions were also

reported as the most effective strategy, leading to a 27% increase

in uptake of mammography. In their review [15], multiple

interventions included access-enhancing interventions (e.g. free

onsite mammography) which alone led to a 19% increase in

mammography uptake. In our review, only one study [37] trialled

an access-enhancing intervention alone (free onsite mammogra-

phy) and was classified as a simple intervention. In the review by

Bailey [16], peer educators (‘face to face’), access-enhancing and

multiple interventions were effective in increasing screenings.

However, since they did not undertake a meta-analysis [16], they

could not determine which was the most effective strategy.

In our study, the most effective multi-strategy study reported a

64% difference between the control and intervention group and

included a mail, phone call and home visit [24]. The home visit

was undertaken if a phone was not available or if the participants

had not made an appointment for a mammogram within an extra

four weeks from the previous contact. The more effective multi-

strategy studies tended to include ‘face to face’ interventions (e.g.

[24,31]), although not always (e.g. [28]). One study [28] combined

two simple interventions to produce six magazines that contained

both generic breast cancer knowledge and culturally tailored

information and reported a 21% difference between the control

and intervention group. Furthermore, effective multi-strategy

interventions gave similar differences between the control and

intervention group whether the ‘face to face’ components were

intensive (33%; four lay health adviser sessions; [31]) or not (39%;

a one hour session; [37]). This has implications for the cost-

Figure 1. Flow diagram for identification of published studies for inclusion in review.
doi:10.1371/journal.pone.0055574.g001
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effectiveness of the interventions [38,39], home visits being a costly

strategy [40]. More studies are needed to determine which

interventions are most cost-effective [15]. One meta-analysis on

mammography interventions (albeit not restricted to low-income

women) which undertook a cost-effectiveness analysis [39] found

that when a phone number was available, a letter plus telephone

call intervention was more cost-effective than a two letter

intervention.

Given that a recent review found good evidence to support the

continuation of population-based mammography screening in the

UK [41], it is vital that this service is equally accessible to all

women, irrespective of income, ethnicity and socio-economic

position. A systematic review and meta-analysis of interventions to

increase the uptake of mammography in population based

screening programs was undertaken by The Cochrane Collabo-

ration [40]. They found that effective strategies for increasing

uptake of mammography were letters of invitation, a phone call or

a combination of a letter and phone call. Home visits interventions

were no more effective than the control group treatment. The

findings of this review are based on studies of low-income women.

In our review, multiple interventions were the most effective

strategy but simple interventions (letter or phone call) or ‘face to

Table 3. Results of studies included in the review.

Reference
Intervention Had
mammogram (n)

Intervention No
mammogram (n)

Control Had
mammogram (n)

Control No
mammogram (n)

Risk
difference,
p1 –p0 (95% CI)

Ahmed, 2010 (Letter) 126 659 105 681 0.03 (20.01, 0.06)

Ahmed, 2010 (Multiple) 213 573 105 681 0.14 (0.10, 0.18)

Champion, 2006 (Video) 29 89 18 38 20.08 (20.22,
0.07)

Champion, 2006 (Computer) 50 75 18 38 0.08 (20.07, 0.23)

Champion, 2007 (Phone) 91 223 68 226 0.06 (20.01, 0.13)

Champion, 2007 (Print) 105 224 68 226 0.09 (0.02, 0.16)

Champion, 2007 (Multiple) 108 200 68 226 0.12 (0.05, 0.19)

Dietrich, 2006 (Multiple) 473 223 403 291 0.10 (0.05, 0.15)

Dietrich, 2007 (Phone) 343 320 326 327 0.02 (20.04, 0.07)

Jibaja-Weiss, 2003 (Letter) 31 208 54 207 20.08 (20.14,
20.01)

Jibaja-Weiss, 2003 (Form) 73 166 54 207 0.10 (0.02, 0.17)

Kim, 2004 (Multiple) 41 6 22 24 0.39 (0.22, 0.57)

Kim, 2004 (Access*) 35 13 22 24 0.25 (0.06, 0.44)

Kreuter, 2005 (BCT magazine) 31 17 30 25 0.10 (20.09, 0.29)

Kreuter, 2005 (CRT magazine) 28 16 30 25 0.09 (20.10, 0.28)

Kreuter, 2005 (Multiple) 34 11 30 25 0.21 (0.03, 0.39)

Maxwell, 2003 (Face to face) 126 87 134 100 0.02 (20.07, 0.11)

Mishra, 2007 (Face to face) 185 206 148 236 0.09 (0.02, 0.16)

Nuño, 2011 (Face to face) 134 49 109 79 0.15 (0.06, 0.25)

Oleske, 2007 (Face to face) 29 16 36 16 20.05 (20.24,
0.14)

Paskett, 2006 (Face to face) 184 249 114 304 0.15 (0.09, 0.22)

Phillips, 2010 (Multiple) 1575 242 1589 489 0.10 (0.08, 0.13)

Powell, 2005 (Face to face) 50 21 27 17 0.09 (20.09, 0.27)

Powell, 2005 (Multiple) 47 28 27 17 0.01 (20.17, 0.19)

Puschel, 2010 (Mail) 86 80 10 157 0.46 (0.37, 0.54)

Puschel, 2010 (Multiple) 117 50 10 157 0.64 (0.56, 0.72)

Russell, 2010 (Multiple) 45 44 16 74 0.33 (0.20, 0.46)

Slater, 2005 (Mail) 342 25291 661 93540 0.01 (0.00, 0.01)

Slater, 2005 (Multiple) 488 25145 661 93540 0.01 (0.01, 0.01)

West, 2004 (Letter) 22 137 23 138 20.00 (20.08,
0.07)

West, 2004 (Phone) 18 101 15 103 0.02 (20.06, 0.11)

Young, 2002 (Multiple) 31 16 18 29 0.28 (0.08, 0.47)

Zhu, 2002 (Face to face) 107 55 111 52 20.02 (20.12,
0.08)

*Access to free or low cost mammography.
doi:10.1371/journal.pone.0055574.t003
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face’ interventions were more effective than the control group

treatment. Interventions based on such strategies are required to

reduce inequalities in uptake of mammography screening in the

UK.

Apart from the study from Chile [24], all studies were carried

out in the US, limiting the generalisability of the results to other

settings. The US healthcare system is based on private insurance,

supplemented by Medicare for over 65 s. In contrast, healthcare in

the UK remains free at the point of service. It is therefore likely

that cost is more of a barrier for low-income women to attend

mammography in the US compared to other countries. Never-

theless, opportunity costs are important to consider, even in health

care settings such as the UK’s National Health Service. Women

who are paid a wage (e.g. by the hour) incur a higher personal cost

through loss of income than salaried women.

We were unable to test empirically whether similar effect sizes

would be found in countries with free mammography. The largest

effect sizes in the current study were from the only non-US study,

based in Chile [24], where free mammography has been provided

since 2005. Further research is required in countries other than in

the US. There is limited evidence from other countries with

population-based screening programs regarding interventions

which improve mammography uptake. For example, in the UK,

training activities plus reminder letters or phone calls increased the

uptake of mammography in one population-based study by an

additional 5% [42] but in another such study using a ‘face to face’

intervention, results were consistent with chance [43]. In Australia,

where mammography screening is free for women aged 50-69

years, a population based RCT found that a multi-component

strategy of letter plus phone increased the uptake of mammogra-

phy by an additional 6% [39]. However, it must be remembered

that these total-population approaches do not necessarily improve

uptake equally and can indeed increase inequalities while

improving uptake overall. A ‘face to face’ intervention was not

an effective strategy for promoting uptake in mammography by

Asian women in the UK [44]. A letter from the general

practitioner did not improve uptake of mammography in an area

of high deprivation in the UK [45].

A meta-analysis of interventions to promote mammography

among ethnic minority women in the US, found that access-

enhancing interventions were the most effective [46]. In the

majority of studies in our review, a significant proportion of

women who participated were of African-American ethnicity.

Hence the results might not be immediately applicable to women

from other ethnic minorities in the US. However, in the study to

increase mammography use by Korean American women [37],

Figure 2. Meta-analysis of the association between intervention and mammography uptake in low income women.
doi:10.1371/journal.pone.0055574.g002
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the multi-strategy intervention reported a 39% difference between

the control and intervention group. Successful interventions are

likely to be context-specific, hence ‘face to face’ interventions were

effective in Hispanic women along the U.S.-Mexico border (15%)

[33] but such interventions were less effective in Filipino American

women (2%) [34]. Nevertheless, the data presented in this review

can be drawn on for the development of suitable interventions in

settings other than those described here.

There was little evidence that the association between

intervention and mammography uptake varied by risk of bias

classification. We also undertook sensitivity analysis and omitted

those studies with a high risk of bias for either random sequence

generation, or allocation concealment or incomplete outcome data

domains. This had little effect on the associations, suggesting that

the reliability of the results is not unduly affected by the quality of

the included studies.

Heterogeneity
Due to the expected heterogeneity in the effects of

interventions, we performed random effects meta-analyses

chosen a priori. We examined potential sources of heterogene-

ity, an important component of carrying out a meta-analysis

[47]. The variables investigated were type of intervention,

length of follow-up, location and source outcome (medical

records versus self-reported). Women tend to over-report their

participation in mammography screening [48]. In addition, we

examined potential sources for heterogeneity whether the

control was usual care or not, whether mammography was free

or not and by the level of randomisation. Whilst there was

weak evidence that the association between intervention and

mammography uptake varied by type of intervention, there

was little evidence that the association varied by other

covariates. Several of the estimates of I2 calculated in meta-

analyses are considered as moderate (e.g. ‘face to face’ I2

= 57.9%) to high (e.g. simple I2 = 91.4%). In addition to the

characteristics investigated, it is possible that other factors

might vary by study context, for example ethnic diversity, type

of ‘face to face’ intervention and whether the letter was system-

directed or individual directed [49] and could result in

heterogeneity. Another option for investigating heterogeneity

is the quality effects model [50]. For this a quality score is

required. However, the use of scales for assessing quality is

discouraged in Cochrane Reviews since it involves assigning

weights to different items in the scale and it is difficult to justify

the weights assigned [21]. Indeed, the influence of quality is

best done using sensitivity analyses [47] as we did in the

current study for example by omitting studies with a high risk

of bias.

Strength and Limitations
This large scale systematic review and meta-analysis looking

into the effectiveness of interventions used to increase uptake

of mammography amongst low-income women includes data

from 21 published studies and including 33 datasets. We have

tested a priori hypotheses and have assessed the quality of each

included study. We have thus aimed to minimise a range of

biases including selection bias. We also undertook a series of

sensitivity analyses, including omitting those studies with a

high risk of bias for random sequence generation, allocation

concealment or incomplete outcome data. Since we searched

only for published articles, there is the possibility of publication

bias. Although this was a large systematic review and meta-

Table 4. Results from overall and stratified random effects meta-analyses for the associations between intervention and
mammography uptake in low income women.

Stratification No* RD{ 95% CI P-value I2 P-value{

Overall effect 33 0.089 0.073 to 0.104 ,0.001 96.2% ,0.001

Interventiona

Simple 15 0.069 0.018 to 0.119 0.01 91.4% ,0.001

Face to face 7 0.075 0.017 to 0.132 0.01 57.9% 0.03

Multiple 11 0.207 0.113 to 0.300 ,0.001 98.2% ,0.001

Overall F ratio 3.00 P-value 0.06

Follow-up (months)

#6 16 0.170 0.058 to 0.281 0.003 94.4% ,0.001

.6 17 0.044 0.031 to 0.056 ,0.001 94.3% ,0.001

Overall F ratio 3.99 P-value 0.05

Source outcome

Medical records 14 0.156 0.085 to 0.227 ,0.001 96.0% ,0.001

Self-reported 16 0.073 0.024 to 0.123 0.004 59.5% 0.001

Overall F ratio
1.73

P-value
0.20

Location

Urban 22 0.144 0.075 to 0.213 ,0.001 93.8% ,0.001

Rural 6 0.089 0.073 to 0.104 0.03 66.3% 0.01

Overall F ratio 0.82 P-value 0.37

*33 comparisons from 21 studies. { Effect measure is the difference in proportions between intervention and control group. { P-value is obtained from the
heterogeneity x2. a Simple interventions include letters, telephone calls, videos and computer programmes but these are not face to face interventions. Multiple
interventions include more than one type of intervention.
doi:10.1371/journal.pone.0055574.t004
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analysis, we might still have been underpowered for the sub-

group analyses, meta-regression and publication bias. Hence

whilst the funnel plots and formal tests for publication bias

gave no strong evidence for publication bias, these need to be

interpreted with caution. All of the studies included in the

review had a short length of follow-up. It is unclear whether

our findings would be maintained over the medium term. This

is supported by the suggestion from our data that the

associations were stronger in studies with a shorter length of

follow-up. Furthermore, apart from one study, all of the studies

were conducted in the US and hence the applicability of these

results to other countries may be limited.

In conclusion this paper found multiple interventions were

the most effective strategy in increasing uptake of mammog-

Figure 3. Stratified meta-analysis by type of intervention for the association between intervention and mammography uptake in
low income women.
doi:10.1371/journal.pone.0055574.g003
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Table 5. Risk of bias* assessment.

Reference

Sequence
generation
(Randomisation){

Allocation
concealment{

Blinding of
trial personnel
or outcome
assessors V

Incomplete
outcome data
andintention to
treat {{ Other sources of bias J

Ahmed, 2010 Low Low Unclear Low Highest dropout in the intervention group, but ITT analysis
used. Possible contamination in all groups, so effect may be
diluted.

Champion, 2006 Unclear Unclear Unclear Unclear Possible differential completeness of outcome assessment
as self-reported mammograms.

Champion, 2007 Unclear Unclear Unclear Unclear

Dietrich, 2006 Low High Low Low; ITT analysis.

Dietrich, 2007 Unclear Unclear Unclear Low High dropout similar across groups. ITT analysis used.
Control group received substantial intervention.

Jibaja-Weiss, 2003 Low Unclear Low High. Did not use
ITT analysis.

The two interventions were similar in content.

Kim, 2004 Unclear Unclear Unclear Unclear Possible differential completeness of outcome assessment
as self-reported mammograms.

Kreuter, 2005 Low Low Unclear High. Did not use
ITT analysis.

Possible differential completeness of outcome assessment
as self-reported mammograms. Error in computer
programme meant 37 women were given the wrong follow-
up survey and hence were excluded. 16 women were
excluded as they had a mammography after 1 month (not
due to intervention). Attrition was non-differential by study
group.

Maxwell, 2003 Unclear High Low Unclear. ITT
analysis.

Possible differential completeness of outcome assessment
as self-reported mammograms.

Mishra, 2007 Unclear Unclear Low Unclear. ITT not
used.

Possible differential completeness of outcome assessment
as self-reported mammograms.

Nuño, 2011 High High Unclear Low; ITT analysis Potential differential completeness of outcome assessment
as self-reported mammograms. Although 65% available
through medical records.

Oleske, 2007 Unclear Unclear Unclear Unclear Potential differential completeness of outcome assessment
as self-reported mammograms.

Paskett, 2006 Unclear Unclear Low High. Did not use
ITT analysis.

Unequal loss to follow-up.

Phillips, 2010 Unclear Unclear Unclear Low

Powell, 2005 High- unbalanced
groups at baseline

Unclear Unclear Unclear Results were not adjusted for baseline differences. Possible
differential completeness of outcome assessment as self-
reported mammograms.

Puschel, 2010 Low Low Unclear Low; ITT analysis Balanced loss to follow-up.

Russell, 2010 Low High Low Low; ITT analysis

Slater, 2005 Low Unclear Unclear Unclear Potential contamination of control group- Sage recruitment
activities including Community Health agency recruiters,
print and broadcast media advertisements and individual
participating clinics promoting members newsletters and
the Sage program.

West, 2004 Unclear Unclear for stage 1
but high for stage 2

Unclear Unclear. ITT
analysis

Possible differential completeness of outcome assessment
as self-reported mammograms; Potential contamination of
control group- ADPH-sponsored Breast and Cervical Cancer
Screening Program was under way in rural Alabama and
being widely promoted.

Young, 2002 Unclear Unclear Unclear High Unequal loss to follow-up.

Zhu, 2002 Unclear Unclear Unclear Unclear. Did not
use ITT analysis.

Possible differential completeness of outcome assessment
as self-reported mammograms. Accounted for clustering by
housing complex in analysis.

*Low for low risk of bias, high for high risk of bias and unclear for risk unclear.
{Assessment of whether method used to generate the allocation sequence should produce comparable groups.
{Assessment of whether allocation could have been foreseen in advance of enrolment by participants or recruitment personnel.
V Assessment of whether knowledge of the allocated intervention was adequately prevented during the study.
{{Assessment of whether incomplete outcome data were adequately dealt with, including assessment of attrition rates in included studies.
J State any important concerns about bias not addressed in the other domains in the tool.
doi:10.1371/journal.pone.0055574.t005
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raphy in low-income women. The limited evidence from this

review does not allow clear recommendations for practice to be

made. The cost-effectiveness of interventions needs to be

estimated before recommending which interventions could be

used to reduce inequalities in mammography uptake. Further

research is required in countries other than the US.
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