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Abstract
Breast cancer is the most prevalent cancer among women and mammography screening

programs are seen as a key strategy to reduce breast cancer mortality. In Germany, women

are invited to the population-based mammography screening program between ages 50 to

69. It is still discussed whether the benefits of mammography screening outweigh its harms.

Therefore, the concept of informed choice comprising knowledge, attitude and intention has

gained importance. The objective of this observational study was to assess the proportion

of informed choices among women invited to the German mammography screening pro-

gram for the first time. A representative sample of 17,349 women aged 50 years from a sub-

region of North Rhine Westphalia was invited to participate in a postal survey. Turkish immi-

grant women were oversampled. The effects of education level and migration status on

informed choice and its components were assessed. 5,847 (33.7%) women responded to

the postal questionnaire of which 4,113 were used for analyses. 31.5% of the women had

sufficient knowledge. The proportion of sufficient knowledge was lower among immigrants

and among women with low education levels. The proportion of women making informed

choices was low (27.1%), with similar associations with education level and migration sta-

tus. Women of low (OR 2.75; 95% CI 2.18–3.46) and medium education level (OR 1.49;

95% CI 1.27–1.75) were more likely to make an uninformed choice than women of high edu-

cation level. Turkish immigrant women had the greatest odds for making an uninformed

choice (OR 5.30, 95% CI 1.92–14.66) compared to non-immigrant women. Other immigrant

women only had slightly greater odds for making an uninformed choice than non-immigrant

women. As immigrant populations and women with low education level have been shown to

have poor knowledge, they need special attention in measures to increase knowledge and

thus informed choices.
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Introduction
Population-based breast cancer screening programs have been implemented in many Euro-
pean countries in the last decades. In Germany, women aged 50 to 69 years are invited for a
mammogram in a specialized center every two years [1]. The aims of such programs are to
reduce mortality from breast cancer and improve outcomes through early detection and treat-
ment [2]. However, mammography screening also has negative implications such as false posi-
tive results, overdiagnosis and overtreatment (e.g. [3]). As mammography screening addresses
healthy women, informed choice is crucial. According to the European guidelines for quality
assurance in mammography screening, every woman should know the benefits and risks of
screening and make her own decision for or against participation [2]. An “informed choice” is
based on (1) knowledge, (2) personal attitudes, and (3) intention and actual behavior [4].
Although the concept of informed choice competes with the goal of a high participation rate
(at least 70 per cent to assure quality and effectiveness of the screening) [2], its fundamental
importance is now accepted by most stakeholders in Germany [5].

Previous studies from various European countries on participation in mammography
screening have mostly focused on general determining factors of screening participation aim-
ing to increase participation. Age, income, occupation, education level, number of children,
housing property, place of residence and geographic distance to the screening unit have been
shown to influence mammography screening participation (e.g. [6–8]). Immigrant women are
less likely to participate in mammography screening than women of the respective autochtho-
nous population in several European countries [9–15], but not in Germany [16]. Knowledge
about mammography screening is low, with only 1.5 percent of all women in Europe correctly
knowing the estimated reduction in breast cancer mortality achieved through regular atten-
dance of screening [17]. In a study among women aged 44 to 63 years in Germany, benefits of
mammography screening tended to be overestimated and risks underestimated [18]. In the
Netherlands, the proportion of informed choices is higher with 88 per cent of first-time-invi-
tees making an informed choice about mammography screening [19]. In Germany, there are
no studies considering informed choice among women invited to the mammography screening
program for the first time. Even data on the components of informed choice among immigrant
women and by education level is scarce.

The aim of the study is to assess the proportion of women making an informed choice in
the German population-based mammography screening program. A special focus is on possi-
ble differences in informed choice among women of different education level and migration
status.

Materials and Methods
The InEMa (Informierte Entscheidung zur Teilnahme amMammographie-Screening-Pro-
gramm) study is an observational study investigating informed choice in women invited to the
German nation-wide population-based mammography screening program for the first time.

Study population and design
Women aged 50 years living in Westphalia-Lippe, a sub-region of the Federal State of North-
Rhine Westphalia in Germany, were invited to participate in the study. A postal questionnaire
(see S1 File: German questionnaire and S2 File: Turkish questionnaire) was sent to the women
one to two months after their 50th birthday. At this time women receive their invitation with a
pre-specified appointment (date and time) to the mammography screening program through
the regional mammography organization, though a large variability exists in invitation timing.
Data were collected between October 2013 and July 2014.
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A random sample was drawn from registration offices, comprising 15,561 non-Turkish
immigrant women (equivalent to 54 per cent of such women in the study area). Turkish immi-
grants were identified by a name-based approach [20], defining all women as Turkish who
have a Turkish name, independent of their migration history or nationality. All 1,789 women
who were identified as likely to be Turkish were invited to participate to allow oversampling.
They received all materials in German and in Turkish. A bilingual reminder postcard was sent
to all women one week after the study invitation. The study has two data collection points (see
the study protocol for further details [21]). We here present data from the first data collection
point preceding a possible screening appointment.

Women who ever had a breast cancer diagnosis were excluded from the analyses as they are
not part of the target population for screening. Women who already participated in the screen-
ing program were also excluded as no intention to attend at the first contact could be assessed.
Furthermore, women who had not received an invitation for the national mammography
screening program at the time of the study were excluded as they had not been exposed to the
official information materials.

The study was approved by the ethical committee of the Medical Faculty of Muenster Uni-
versity (2012-268-f-S) and the Data Protection Officer of Bielefeld University. Individual data
(names and addresses) were stored separately from the questionnaire data. Women gave writ-
ten consent to participate in the study.

Outcome variables
The primary outcome of the study was informed choice, which comprises three dimensions:
knowledge (sufficient/insufficient), attitude (positive/negative), and intention (yes/no).

The questionnaire we developed is based on existing instruments, qualitative Interviews
with German and Turkish women and a qualitative study on factors related to mammography
screening participation among Turkish women [22]. It included many different components
(see the study protocol [21]). The relevant components for this publication are described
below.

Informed choice. Informed choice was defined as stating an intention regarding (non-)
participation in mammography screening which is (a) based on sufficient knowledge and (b)
congruent with one’s attitude. This second criterion, in turn, was defined as (b1) having a posi-
tive attitude and intending to participate in the national mammography screening program or
(b2) having a negative attitude and neither intending to participate in the program nor in
opportunistic screening. All other combinations of knowledge, attitude and intention were
classified as uninformed. The index of informed choice was thus calculated from the attitude
scale, the knowledge index and the items on intention (all are separately described below). Our
results suggest that the attitude scale and the knowledge index have favorable psychometric
properties.

Attitude. The attitude towards mammography screening was measured based on the Rea-
soned Action Approach [23]. The scale consisted of four items. These semantic differentials,
which have been used by Marteau [4] in the context of antenatal screening, were applied to the
context of mammography screening. Women were asked to rate the statement ‘To participate
in the MSP is. . .’ on four semantic differentials (5-point scale ranging from -2 to +2): ‘Impor-
tant/not important’, ‘a good thing/a bad thing’, ‘comfortable/uncomfortable’, ‘beneficial/harm-
ful’. A score of equal to or larger than zero (possible score range -8 to +8) was classified as
positive attitude.

Knowledge. The knowledge index comprised seven multiple choice questions based on
knowledge questionnaires of Mathieu [24] and Marteau [4]. The following topics were
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included: target population of mammography screening, frequency and meaning of a positive
screening result, incidence and mortality with or without screening program, false-negative
results, and overtreatment. A score of 1 indicated a correct answer, a score of 0 an incorrect
answer. Missing responses and “Don’t know” responses were categorized as incorrect. There
are no agreed criteria for defining sufficient knowledge, so we used the midpoint of the scale as
cut-off point. This has been applied previously [19]. Thus, a score of larger than 3 (possible
score range 0 to 7) was categorized as having sufficient knowledge.

Mammography intention. Intention to participate in mammography screening was
assessed by two newly developed questions. This was necessary to reflect the German context
in which an organized screening program with automatic invitation works in parallel to oppor-
tunistic screening. Firstly, women were asked about their general intention to receive mam-
mography screening in the next three months. Three months was chosen as a reasonable time
frame because the women already had received the invitation with the appointment. Secondly,
women intending to receive mammography were asked whether they planned to undergo
screening in the organized screening program or elsewhere (so called opportunistic screening
by gynecologists or radiologists). Women intending to receive a screening mammography but
not responding to the second question were categorized as ‘yes, not specified’. For the categori-
zation of informed choice women with intention to perform opportunistic screening or
unspecified intention were excluded.

Predictor variables. Education level and migration. Migration status and education level
were included as independent variables in the analyses. Migration status was defined by coun-
try of birth as immigrant women aged 50 are unlikely to be second generation immigrants.

The group of ‘resettlers’ are special immigrants in Germany as they are ethnic Germans
who emigrated to Russia and other Eastern European countries in the 17th-19th century; most
return-migrated to Germany after the collapse of the Soviet Union. Resettlers ‘automatically’
get German nationality. Women who were born in an Eastern European country and had a
self-reported resettler-status were categorized as ‘resettlers’. Results are shown for non-immi-
grant women (autochthonous population) and the immigrant groups of resettlers, Turkish
women and women born in other countries.

Education level was assessed by years of school education or degree. Women without a degree
or a degree equivalent to a maximum of nine years at school are categorized as low education
level (Haupt-/Volksschule). Women with ten years of education (Realschule/Polytechnische
Oberschule) were categorized as medium level, and women with at least 12 years of education
(Abitur/Fachabitur) were categorized as high education level which is comparable to A-levels.

Statistical analysis
Data were analyzed using SPSS 22.0. The proportion of missing values was very low (<2%)
except for ‘intention to participate’. Therefore, we did not perform imputation procedures as
originally planned in the study protocol. For intention, we chose to include a missing response
as a separate category.

Descriptive analyses to characterize the study population were performed stratified by educa-
tion level and migration status (Table 1). The distribution-matrix of the different outcomes of the
components of informed choice (knowledge, attitude, intention) was not stratified by education
or migration due to small numbers in some cells (Table 2). The percentage of informed choices
was calculated only (1) for women with no intention to performmammography in the next three
months, and (2) for women intending to receive a screening mammography within the popula-
tion-based screening program (Tables 3 and 4). Women intending to undergo opportunistic
screening were excluded because knowledge and attitude questions focused on the screening
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program. The proportion of women who had made informed choices (i.e. sufficient knowledge
and consistency between attitude and intention) were described stratified by education level and
migration status. Group differences were assessed by chi-square tests (Table 3). Finally, odds
ratios and 95% confidence intervals were computed to examine the effects of education level and
migration on informed choice using univariate and adjusted logistic regression (Table 4). Due to
small numbers, interaction between migration and education level could not be assessed.

Results

Response and characteristics of study participants
5,847 (33.7%) women aged 50 years responded to the postal questionnaire. Women who
already had breast cancer (n = 183), already participated in the national breast cancer screening

Table 1. Intention to take upmammography screening, attitude, and knowledge, by level of education andmigration status.

% (n) Intentional mammography screening uptake % (n) Attitude Knowledge

No %
(n)

Yes, opportunistic
% (n)

Yes, screening
program % (n)

Yes, not
specified % (n)

Missing %
(n)

(-8 to +8)
Mean (SD)

(0 to 7) Mean
(SD)

Education level*

High 36.3
(1,492)

15.5
(232)

5.5 (82) 73.3 (1,094) 3.3 (49) 2.3 (35) 3.88 (2.83) 3.14 (1.42)

Medium 41.4
(1,704)

13.4
(228)

5.1 (87) 74.8 (1,274) 4.3 (74) 2.4 (41) 4.29 (2.70) 2.84 (1.42)

Low 21.0
(863)

10.5
(91)

5.1 (44) 74.3 (641) 3.0 (26) 7.1 (61) 4.74 (2.48) 2.23 (1.32)

Migration**

Non-
immigrant

89.8
(3,695)

13.7
(507)

5.1 (190) 74.6 (2,755) 3.7 (136) 2.9 (107) 4.18 (2.74) 2.87 (1.43)

Resettlers 4.4 (179) 8.9 (16) 6.7 (12) 73.2 (131) 1.1 (2) 10.1 (18) 4.67 (2.42) 2.41 (1.33)

Turkish 2.5 (104) 16.3
(17)

8.7 (9) 60.6 (63) 5.8 (6) 8.7 (9) 5.07 (2.95) 1.73 (1.12)

Others 3.2 (133) 15.8
(21)

5.3 (7) 66.9 (89) 5.3 (7) 6.8 (9) 4.81 (2.30) 2.46 (1.49)

Total (4,113) 13.6
(561)

5.3 (218) 73.9 (3,040) 3.7 (151) 3.5 (143) 4.24 (2.72) 2.81 (1.44)

*54 Missings (1.3 percent);

** 2 Missings (<0.1 percent)

doi:10.1371/journal.pone.0142316.t001

Table 2. Proportion of women by dichotomous dimensions of informed choice.

Knowledge Attitude Positive intention

No Yes, screening program

Sufficient Negative 1.5 (54)a 0.9 (33)b

Positive 3.5 (125)b 25.6 (922)a

Insufficient Negative 2.7 (96) 1.2 (45)b

Positive 7.9 (286)b 56.7 (2040)

Note: data are given as percent (number); n = 3,601
a defined as informed choice
b inconsistency between attitude and intentional mammography uptake

doi:10.1371/journal.pone.0142316.t002
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Table 3. Proportion of sufficient knowledge, consistency, and informed choice, by education level andmigration.*

Sufficient knowledge Consistency between attitude
and intention

Informed choice

Education levela

high 39.9 (529) p<0.001 86.2 (1143) p = 0.41 34.6 (459) p<0.001

medium 31.4 (471) 86.0 (1292) 26.5 (398)

low 17.5 (128) 88.0 (644) 15.6 (114)

Migrationb

Non-immigrant 32.7 (1068) p<0.001 86.6 (2826) p = 0.25 28.1 (918) p<0.001

Resettlers 23.1 (34) 87.8 (129) 21.8 (32)

Turkish 5.0 (4) 81.3 (65) 5.0 (4)

Others 25.5 (28) 81.8 (90) 20.0 (22)

Totalc 31.5 (1134) 86.4 (3112) 27.1 (976)

Note: data are given as percent (number), p-values from chi-square tests

*Informed choice for women with intention to participate in mammography screening program or no intention to perform mammography
a n = 3,560
b n = 3,599
c n = 3,601

doi:10.1371/journal.pone.0142316.t003

Table 4. Determinants of uninformed choice: results of logistic regression modelling.*

OR 95% CI p-value

univariate

Education levela

high Ref.

medium 1.47 1.25–1.73 <0.001

low 2.87 2.28–3.61 <0.001

Migrationb

Non-immigrant Ref.

Resettlers 1.41 0.95–2.10 0.093

Turkish 7.44 2.72–20.40 <0.001

Others 1.57 0.98–2.52 0.063

adjusted for education level, migrationc

Education level

high Ref.

medium 1.49 1.27–1.75 <0.001

low 2.75 2.18–3.46 <0.001

Migration

Non-immigrant Ref.

Resettlers 1.50 1.00–2.25 0.048

Turkish 5.30 1.92–14.66 0.001

Others 1.57 0.96–2.57 0.073

*OR > 1 means greater odds for making an uninformed choice
a n = 3,560
b n = 3,599
c n = 3,558

doi:10.1371/journal.pone.0142316.t004
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program (n = 256), had not received an invitation for the screening program (n = 1,317), or
had missing values on any of these variables were excluded. Thus the final dataset comprised
4,113 respondents. The numbers and proportion of missing values are displayed in Table 1.

Intention to participate in mammography screening
Almost 74% of women in the sample intended to participate in the organized mammography
screening program in the next three months (Table 1). 5.3% intended to receive opportunistic
mammography screening, and 13.6% did not plan to participate. With increasing education
level, more women intended not to participate (10.5% low, 13.4% medium, and 15.5% high
education level). Fewer Turkish (60.6%) and other immigrant women (66.9%) intended to par-
ticipate in the screening programme compared to non-immigrant women (74.6%) and reset-
tlers (73.2%).

Attitude
The mean attitude towards mammography in our study was positive overall (M = 4.24,
SD = 2.72, possible score range -8–+8) as well as for all subgroups (Table 1). With increasing
education level, the mean attitude score decreased while remaining in the positive spectrum.
Non-immigrant women had a less positive mean attitude (M = 4.18, SD = 2.74) than immi-
grant women. Turkish women had the most positive mean attitude (M = 5.07, SD = 2.95).

Knowledge
The mean knowledge score was 2.81 (SD = 1.44, possible range 0–7). All subgroup means,
except for women of high education level, were below the scale midpoint indicating insufficient
knowledge. Women with low education level on average answered fewer questions correctly
(M = 2.23, SD = 1.32) than women of medium (M = 2.84, SD = 1.42) and of high education
level (M = 3.14, SD = 1.42). Immigrant women answered fewer questions correctly than non-
immigrant women. Turkish immigrant women (M = 1.73, SD = 1.12) had the lowest mean
knowledge (Table 1).

Informed choice
Table 2 shows the proportion of women categorized by the three dichotomous dimensions of
informed choice. 25.6% of the women had sufficient knowledge combined with a positive atti-
tude and an intention to perform mammography screening. 1.5% of the women had sufficient
knowledge combined with a negative attitude and no intention to perform mammography.
These groups were thus classified as making an informed choice. Most women (56.7%) had
insufficient knowledge combined with a positive attitude and an intention to perform mam-
mography screening.

Only 31.5% of the women had sufficient knowledge (Table 3). 86.4% of the women had an
attitude consistent with their intention. There were significant differences in the proportion of
sufficient knowledge by education level and migration status (Table 3). Only 27.1% of the
women invited to the national mammography screening program could be categorized as hav-
ing made an informed choice for or against participation (Table 3). The majority (72.9%) made
an uninformed choice. With increasing education level, significantly larger proportions of
women made informed choices (15.6% low, 26.5% medium, and 34.6% high education group).
While 28.2% of non-immigrant women made an informed choice, 21.8% of Resettlers, 20.0%
of other immigrants but only 5% of Turkish immigrant women made an informed choice
(Table 3).
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The results of the univariate logistic regression (Table 4) show that women of low education
level had almost three times the odds of making an uninformed choice (OR 2.87, 95% CI 2.28–
3.61) compared to women of high education level; women of medium education level had 1.47
times the odds (95% CI 1.25–1.73). Immigrant women had greater odds of making an unin-
formed choice compared to non-immigrant women: Turkish immigrant women had 7.44 (95%
CI 2.72–20.40) times the odds (Table 4). Resettlers (OR 1.41, 95% CI 0.95–2.10) and other
immigrant women (OR 1.57, 95% CI 0.98–2.52) also had greater odds of making an unin-
formed choice compared to non-immigrant women, though these differences are not statisti-
cally significant.

The results of the adjusted model showed that Turkish immigrant women still had greater
odds of making an uninformed choice (OR 5.30, 95% CI 1.92–14.66) than non-immigrant
women though the effect was smaller than in the unadjusted model. The odds of making an
uninformed choice among resettlers (OR 1.50, 95% CI 1.00–2.25) were slightly higher than in
the unadjusted model while the odds did not change for other immigrant women (OR 1.57,
95% CI 0.96–2.57).

Discussion
This study estimates the proportion of women invited to the nation-wide mammography
screening program in Germany for the first time who make an informed choice for or against
participation. The most important findings are (I) the overall low proportion (27.1%) of
informed choices; and (II) pronounced differences in the proportion of informed choice by
education level and migration status. The overall low proportion of informed choices is
explained by the low level of knowledge about mammography screening in our sample. Poor
knowledge about mammography screening has been shown previously: women tend to overes-
timate the benefits and underestimate the risks of mammography screening [17, 18, 25]. Our
study even shows a lower proportion of correct answers as found in a randomized, controlled
trial evaluation the German information leaflet sent with the official invitation for the program
[25]. This may be explained by a different study procedure. While women in the trial received
the questionnaire and the information leaflet together, women in our study received it sepa-
rately. We took this into account by defining a lower criterion for sufficient knowledge. None-
theless, overall knowledge was very poor.

Research from the Netherlands, in contrast, showed much better knowledge levels among
women eligible for mammography screening [19]. An explanation might be that more ques-
tions about organizational factors such as compulsory participation were included in their
knowledge score and knowledge was measured by yes/no answers in that study. In our study,
we only included one basic organizational item (‘Who is the target group of mammography
screening?’) and had multiple answer options. All other questions related to a comparison of
screening vs. no screening or methodological issues such as the concept of false-positive results.
Since both type and number of knowledge-related questions as well as cut-off levels for “good”
or “sufficient” knowledge differ between these studies, a comparison of the results is not
possible.

As there are no clear guidelines as to what constitutes sufficient knowledge, we decided to
use the mid-point as this has been applied successfully in previous research [19]. This, however,
may be debatable. As different studies use different instruments and definitions, it is difficult to
compare and synthesize the literature without access to the questions used. We added the Ger-
man (S1 File) and Turkish (S2 File) questionnaires as additional materials to help readers make
comparisons across studies. Regarding immigrant women our results show that resettlers and
other immigrants only had slightly lower knowledge scores than non-immigrant women, in
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contrast to Turkish immigrant women whose knowledge was much lower. As Turkish immi-
grant women are known to have poor German language skills [26], we provided both German
and Turkish questionnaires to women who were possibly Turkish. The invitation and informa-
tion materials of the screening program, however, are provided with the official invitation in
German only. Translated materials are available online and therefore unlikely to be accessed by
Turkish migrant women [22]. In consequence, Turkish women with poor language skills might
have been able to answer our questionnaire while not being able to understand the information
material. This may explain the lower knowledge level, resulting in a lower proportion of
informed choices especially among Turkish immigrant women. Most resettlers in contrast
have good German language skills [27], which might explain the small difference to non-immi-
grant women. Among other immigrant women, we probably reached only those with adequate
German language skills as the questionnaire was available only in German and Turkish.

Our results show a low participation rate in mammography screening among immigrant
women which was also observed in other European countries [9–15]. Screening participation
of Turkish immigrants in our sample was similar to that in previous research in Germany [16]
but higher than the overall participation rate of 55% in the German screening program [1].
3.5% of the women in our sample did not know whether they intend to participate or not and
another 3.7% did not specify where they plan to perform mammography. This might be
explained by asking about the intention to attend mammography in the next three months
which we chose as time frame for participation according to the invitation letter appointment.
Thereby, we possibly misclassified women who will go for mammography screening thereafter.
Furthermore, intention does not necessarily reflect the actual behavior as there might be factors
hindering intending women to participate. However, intention is suitable for inclusion in the
concept of informed choice as actual behavior might be influenced by organizational barriers
not affecting the decision per se.

The temporal restriction on intention might explain some inconsistencies between attitude
and intention as shown in Table 2 which result in being categorized as uninformed choices.
However, only women who had received an invitation were included in the analyses. This
implies that they have a screening appointment in the next three to four weeks. Another reason
for the inconsistencies might result from the way in which attitude was measured: the four
semantic differentials of the Reasoned Action Approach [23] could not cover all favorable and
unfavorable aspects of the mammography screening program.

Another limitation to our results is that the index of informed choice has not yet been vali-
dated. Our results support the validity of its components (attitude and knowledge), but due to
a lack of other valid measures for informed choice in the German mammography screening
program, we could not establish convergent validity. Future research is needed, especially
regarding its predictive validity on decisional regret which was not included in our
questionnaire.

A strength of our study is the focus on women invited to the nation-wide mammography
screening program for the first time. Women received the study questionnaire close to the time
of receiving the official invitation letter. Thus, the assessed knowledge level will reflect the
actual knowledge at the time of decision taking, thereby minimizing recall bias.

The response rate of 33.7% is similar to that in other studies on mammography screening in
Germany [18, 28, 29]. Women of higher education level are overrepresented in our study, com-
pared to the distribution of education level among women in the German population [30]. The
proportion of immigrant women in our study is fairly representative for resettlers and Turkish
immigrant women; immigrants from other countries are underrepresented [30].

Future research should focus on the measurement of knowledge and attitude in mammog-
raphy screening, as well as their determinants. There is also need for studies testing
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interventions to enhance knowledge levels and informed choice. As immigrant populations
and women with low education level have been shown to have low levels of knowledge, they
need special attention.
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