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Abstract

Background: The population-based mammography screening program (MSP) is aimed to reduce breast cancer
mortality, to detect breast cancer at an early stage, and to allow for less invasive treatment. However, it also has
some potential harms, such as overdiagnosis and overtreatment. Therefore, it is necessary that women receive
sufficient and balanced information to enable informed decision-making. We examined knowledge about benefits
and harms of the MSP in Germany among first-time invitees of different socio-demographic backgrounds.

Methods: This observational study assessed knowledge about benefits and harms of the MSP among women who
were invited to the MSP for the first time by six multiple choice items, using a postal survey. We investigated (i)
single items of knowledge, (ii) the distribution of sufficient knowledge stratified by education, migration status and
invitation, and (iii) possible determinants of sufficient knowledge by analyzing Odds Ratios (ORs) using bivariate and
multivariate logistic regression.

Results: In total, 5397 women included in the analyses. 46.1% of the study population had sufficient knowledge
about benefits and harms of the MSP. However, women with low educational level and migration background had
higher proportions of insufficient knowledge and used most frequently the option “don’t know”. Women had the
most difficulties answering the numeric question and the question about the target group correctly. Results from
the logistic regression showed that the odds of having sufficient knowledge were higher among well-educated
women (OR 3.84, 95%CI 3.24–4.55), among women who already received the MSP invitation (OR 1.38, 95%CI 1.20–
1.59) and lowest among Turkish women (OR 0.14, 95%CI 0.07–0.25).

Conclusions: Women with low education and migration background need adapted information regarding benefits
and harms of the MSP and are important target groups for further developing the information material about
mammography screening to reduce disparities in knowledge and enable informed decision-making.
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Background
Breast cancer is the most prevalent cancer among women
in Germany. In 2014, there were about 69,000 new cases of
female breast cancer [1]. Thus, until 2009, the German gov-
ernment implemented a population-based mammography
screening program (MSP) to reduce breast cancer mortal-
ity, detect breast cancer at an early stage, and allow for less
invasive treatment [2, 3]. Women aged 50 to 69 years are
invited to receive mammography within a certified program
every two years. However, the MSP also has some potential
harms, such as overdiagnosis, overtreatment, false-positive
and false-negative results [4–6]. As the harm-benefit-
considerations of the MSP are discussed critically, it is ne-
cessary that women receive sufficient and balanced infor-
mation to enable them to make an individual informed
choice [6], which is based on sufficient knowledge about
benefits and harms of the procedure and the personal atti-
tude. Women in Germany receive an information brochure
providing information about the procedure, benefits and
possible harms of the MSP along with the invitation to the
screening [2]. However, previous results from Germany
showed that only 27.1% of women who were invited to the
MSP for the first time made an informed choice [7]. Over-
all, knowledge was poor (mean knowledge score 2.81 on a
scale from 0 to 7), lower educated and women with a mi-
gration background had even lower mean knowledge, with
mean knowledge scores of 2.23 and 2.20, respectively [7].
International studies also showed that knowledge about

benefits and harms of the MSP is relatively poor [8–13].
Women tend to overestimate benefits and underestimate
harms of the MSP and women thought that participation
would protect them from developing breast cancer [9, 10,
12]. Many studies have shown a positive association be-
tween educational level and knowledge about benefits and
harms of mammography screening [10, 11, 13–15]. How-
ever, most studies assessed knowledge either in interven-
tion contexts, e.g. testing information sources [8, 16], or
assessed knowledge unrelated to a decision need [9–11].
Studies about knowledge among migrant women is scarce.
There is also a lack of studies about knowledge closely re-
lated to the (first) decision. Assessing the knowledge of
first time deciders may be especially useful because the
decision will not be influenced by habit or previous ex-
perience, which is an important factor for their screening
decision [17]. Furthermore, detailed analyses on single
knowledge items and determinants of knowledge in
Germany, especially among vulnerable groups, are scarce.
Therefore, this article will focus on knowledge at the

time of the first decision for or against participation in
the MSP and (i) describe different aspects of knowledge
about benefits and harms of the MSP, (ii) describe the
distribution of sufficient knowledge stratified by educa-
tional level, migration status and invitation, and (iii) ana-
lyse possible determinants of sufficient knowledge.

Methods
This article is based on data of the InEMa-study (Infor-
mierte Entscheidung zur Teilnahme am Mammographie-
Screening-Programm-study, engl. Informed Choice for
Participation in Mammography Screening Program-
study), which is an observational study investigating in-
formed choice among women in Germany who were in-
vited to the population-based MSP for the first time. Data
were collected between October 2013 and July 2014 [18].

Study population
Women were invited to participate in this study one to
two months before their 50th birthday, since women also
receive the invitation to participate in the population-
based MSP at this time. The target populations’ addresses
were retrieved from local registry-offices within the area of
Westphalia-Lippe, which is part of the federal state of
North Rhine-Westphalia, Germany. Women with a Turk-
ish migration background were identified using a name-
based approach and received all study materials in Ger-
man and Turkish. Women with a previous breast cancer
diagnosis and who already had participated in the MSP
were excluded from analyses, since they were not part of
the target population for screening and did not make a de-
cision for the first time.

Variables
Knowledge about benefits and harms of the MSP was the
outcome of interest. It was assessed with five context and
one numeric question which were created based on previ-
ous research [19, 20]. For more details see the study
protocol [18] and previous analyses regarding the instru-
ment [21, 22]. Topics covered were (1) screening for
people without symptoms, (2 – numeric question) fre-
quency of positive screening results, (3) false-positives, (4)
false-negatives, (5) diagnoses with the MSP, and (6) over-
diagnosis and overtreatment. All questions were multiple
choice questions. 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.
Based on the validation analyses of the knowledge ques-
tionnaire which had shown that the discrimination param-
eters were different between items (Item 1: .256, Item 2:
.403, Item 3: .805, Item 4: .812, Item 5: .120, Item 6: .433),
a summary index weighted by these discrimination pa-
rameters was calculated [22]. Accordingly, the knowledge
scale ranged from 0 to 2.8 points. Since there were no
agreed criteria for defining sufficient knowledge, the mid-
point of the scale was set as the cut-off point according to
previous research [19, 20, 23]. Thus, women reaching a
score of lower than 1.4 were defined as having “insuffi-
cient knowledge” and women with a score of 1.4 to 2.8
were categorized as having “sufficient knowledge” as
suggested previously [22].
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Educational level was defined using school degree and
years of school education. Women with no degree or at
least 9 years of school education were categorized as hav-
ing low education, 10 or 11 years of education was defined
as medium education and women with at least 12 years of
education were considered as having high education.
Migration status was assessed by asking for country of ori-
gin and citizenship. Women were categorized into non-
immigrants, Turkish migrants, resettlers (ethnic German
migrants from Eastern European countries with a resettler
status) and migrants from other countries. Furthermore,
the variable invitation defined whether women already
received the invitation for the MSP.
Additionally, family history of breast cancer, advice on

mammography by a gynaecologist, previous mammog-
raphy experience, intention to perform mammography,
attitude towards mammography and health insurance
status were assessed.

Statistical analyses
Descriptive analysis was performed to characterize the
study population and show the distribution of the single
knowledge questions stratified by educational level, migra-
tion status, and invitation. Logistic regression was used to
investigate factors associated with knowledge about bene-
fits and harms of the MSP. First, bivariate logistic regres-
sion was performed and Odds Ratios (ORs) with 95%
confidence intervals (95%CIs) were calculated to check for
significant associations. In a second step, all significant
variables were included in a multivariate model. All statis-
tical analyses were performed using SPSS 25.

Results
In total, 17,349 women were invited to the study and 5839
women returned questionnaires and written consent forms
(response rate 33.7%). After excluding women who already
had a breast cancer diagnosis (n = 179), women who had
already participated in the MSP (n = 256), and women who
had missing information on any of these variables (n = 15),
we finally included 5397 individuals in the analyses.
Table 1 presents the distribution of educational level,

migration status and invitation within the study popula-
tion. The majority of the study population were German
women (n = 4855, 90%), had a medium educational level
(n = 2240, 41.5%), and had received an invitation includ-
ing an information brochure to the MSP before the
study (n = 4113, 76.2%).
Overall, a mean knowledge-score of 1.27 (range 0–2.8)

was found among the study population. Table 2 presents
the single knowledge items among the study population.
Only 15% of women knew that the MSP is aimed at
healthy women, and 17.1% correctly assessed the fre-
quency of positive screening results. 67.7% of women
knew that there might be false-positive results, and 52.1%

knew about the possibility of false-negative results. While
18.9% correctly indicated that women performing mam-
mography screening are more likely to get a diagnosis
compared to women not performing the screening, 40%
of women knew about the possibility of overdiagnosis and
overtreatment.
The results stratified by educational level, migration sta-

tus and invitation are presented in the Additional file 1.
The mean knowledge score and the percentage of correct
answers for each question increased with increasing edu-
cational level and with received invitation. Non-immigrant
women almost always had higher percentages of correct
answers, compared to immigrant women but there was
great variation among different immigrant groups. The
answer option “don’t know” was always more frequently
used among low-educated and immigrant women.
Table 3 shows the distribution of sufficient knowledge

by various co-variates and presents crude and adjusted
ORs with corresponding 95%CIs and p-values. Overall,
46.1% (n = 2488) of the study population showed suffi-
cient knowledge regarding benefits and harms of the
MSP. However, sufficient knowledge varied widely by
different study characteristics: among all women with
low educational level 24.6% had sufficient knowledge,
among those with high educational level 58.3% had suffi-
cient knowledge. Among Turkish migrants the propor-
tion of sufficient knowledge was 8.2% whereas it was
29.1% among the resettler group. Women with a nega-
tive attitude towards screening had a higher proportion
of sufficient knowledge than women with a postitive atti-
tude (69.9% vs. 44.5%). Educational level, migration sta-
tus, invitation status, type of health insurance, intention
to perform mammography and attitude towards

Table 1 Characterization of study participants (n = 5397)

n %

Educational level

Low 1138 21.1

Medium 2240 41.5

High 1952 36.2

Missing 67 1.2

Migration status

Non-immigrant 4855 90.0

Resettler 223 4.1

Turkish 149 2.8

Others 164 3.0

Missing 6 < 0.1

Invitation

Received 4113 76.2

Not received 1247 23.1

Missing 37 0.7
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mammography were significantly associated with suffi-
cient knowledge in bivariate regressions, whereas a fam-
ily history of breast cancer, gynaecological advice and
previous mammography experience showed no signifi-
cant associations with sufficient knowledge about the
MSP. Women with a medium and high educational level
had an about two to almost four times higher chance of
having sufficient knowledge than women with a low
educational level (OR 2.47, 95%CI 2.10–2.91 and OR
3.84, 95%CI 3.24–4.55) when adjusting for migration sta-
tus, invitation, type of health insurance, intention to per-
form mammography and attitude towards mammography.
Women with a migration background showed a lower
chance of having sufficient knowledge than non-immigrant
women. Women with a Turkish migration background had
the lowest chance (OR 0.14, 95%CI 0.07–0.25) for sufficient
knowledge, followed by resettler women (OR 0.43, 95%CI

0.32–0.59) and women coming from other countries (OR
0.45, 95%CI 0.31–0.65) irrespective of their educational
background, invitation, type of health insurance, intention
to participate and attitude towards mammography. Women
who had already received an invitation to participate in the
MSP including the information brochure had an almost
40% higher chance of having sufficient knowledge com-
pared to women who had not received the MSP invitation
yet (OR 1.38, 95%CI 1.20–1.59). Furthermore, women with
a private health insurance were more likely to have suffi-
cient knowledge compared to women with a statutory
health insurance (OR 1.32, 95%CI 1.05–1.68). Women with
a positive attitude towards the MSP showed lower odds of
having sufficient knowledge, compared to women with a
negative attitude towards the MSP (OR 0.46, 95%CI 0.36–
0.60). Women who had the intention to undergo a mam-
mography within the MSP were less likely to have sufficient

Table 2 Response frequencies for each knowledge item

Knowledge questions Answer options n (%)

1 When does one participate in mammography screening? one who is healthy 810 (15.0%)

one who has a change or knot in the breast 231 (4.3%)

in both cases 3990 (73.9%)

don’t know 157 (2.9%)

missing 209 (3.9%)

2 200 women participate 20 years in the mammography
screening program: How many have a positive result
warranting further diagnostics?

1–20 of 200 1464 (27.1%)

21–50 of 200 1332 (24.7%)

51–100 of 200 921 (17.1%)

101–200 of 200 80 (1.5%)

don’t know 1528 (28.3%)

missing 72 (1.3%)

3 Does a positive result mean that a woman has breast cancer? yes 868 (16.1%)

no 3653 (67.7%)

don’t know 816 (15.1%)

missing 60 (1.1%)

4 Does the mammography screening program discover every
breast cancer?

yes 691 (12.8%)

no 2811 (52.1%)

don’t know 1849 (34.3%)

missing 46 (0.9%)

5 Who is more likely to get a breast cancer diagnosis? women participating in MSP 1019 (18.9%)

women not participating in MSP 1152 (21.4%)

both the same 2348 (43.5%)

don’t know 801 (14.8%)

missing 77 (1.4%)

6 Are some women treated for breast cancer although the
breast cancer would never have caused problems in
their life?

yes 2158 (40.0%)

no 729 (13.5%)

don’t know 2428 (45.0%)

missing 82 (1.5%)

Correct answers are indicated in bold
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knowledge than women who did not intend to undergo
mammography (OR 0.77, 95%CI 0.65–0.91).

Discussion
Main findings
The aim of this paper was to determine knowledge about
benefits and possible harmful effects of mammography
screening among women eligible for the MSP for the first
time. This is, to our knowledge, the first study presenting de-
tailed results about knowledge on benefits and harms of the

MSP stratified by educational level and migration status in
Germany. The results showed that overall, 46.1% of the par-
ticipants had sufficient knowledge, however, there are large
differences when sufficient knowledge was investigated sepa-
rated by educational level and migration status. Only 24.6%
of women with a low education level had sufficient know-
ledge. Women with migration background showed great dis-
parities. Only 8.1% of women with a Turkish migration
background and about 30% of resettler women and women
coming from other countries had sufficient knowledge about

Table 3 Determinants of sufficient knowledge with bivariate and adjusted Odds Ratios

Sufficient knowledge (knowledge score ≥ 1.4) Bivariate models Adjusted model

n (%) OR (95%CI) p-value OR (95%CI) p-value

Total 2488 (46.1%)

Educational level n = 2469

Low 280 (24.6%) Ref. <.001 Ref. <.001

Medium 1052 (47.0%) 2.71 (2.32–3.18) 2.47 (2.10–2.91)

High 1137 (58.3%) 4.28 (3.64–5.03) 3.84 (3.24–4.55)

Migration status n = 2486

Non-immigrant 2362 (48.7%) Ref. <.001 Ref. <.001

Resettler 65 (29.1%) 0.43 (0.32–0.58) 0.43 (0.32–0.59)

Turkish 12 (8.2%) 0.10 (0.05–0.17) 0.14 (0.07–0.25)

Others 47 (28.5%) 0.42 (0.30–0.59) 0.45 (0.31–0.65)

Invitation n = 2479

Not received 517 (41.5%) Ref. <.001 Ref. <.001

Received 1962 (47.8%) 1.29 (1.14–1.47) 1.38 (1.20–1.59)

Health insurance n = 2468

Statutory 2249 (45.0%) Ref. <.001 Ref. .017

Private 219 (61.7%) 1.97 (1.58–2.45) 1.32 (1.05–1.68)

Attitude n = 2486

Negative 239 (69.9%) Ref. <.001 Ref. <.001

Positive 2247 (44.5%) 0.35 (0.27–0.44) 0.46 (0.36–0.60)

Intention n = 2486

No 479 (55.4%) Ref. <.001 Ref. .015

Yes, opportunistic 198 (41.8%) 0.58 (0.46–0.73) 0.73 (0.57–0.93)

Yes, MSP 1649 (45.3%) 0.67 (0.58–0.78) 0.77 (0.65–0.91)

Yes, no idea where 96 (43.4%) 0.62 (0.46–0.83) 0.74 (0.54–1.03)

No response 64 (33.2%) 0.40 (0.29–0.56) 0.63 (0.44–0.91)

Family history of breast cancer n = 2482

No 2158 (46.0%) Ref. .583

Yes 324 (47.2%) 1.05 (0.89–1.23)

Gynaecological advice n = 2486

No 1060 (45.2%) Ref. .254

Yes 1426 (46.8%) 1.07 (0.96–1.19)

Mammography experience n = 2481

No 888 (45.8%) Ref. .635

Yes 1593 (46.5%) 1.03 (0.92–1.15)
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benefits and harms of the MSP. Further, type of health insur-
ance, whether women had received the invitation for the
MSP participation, intention to undergo mammography and
attitude towards the MSP were significantly associated with
sufficient knowledge.

Comparison with other studies
These results are in line with findings from previous re-
search that found in general poor knowledge about ben-
efits and harms of the MSP [8–13]. In contrast, a study
from the Netherlands showed much better knowledge
scores [15]. An explanation might be that they included
more questions about organizational factors, such as
compulsory participation which might have been easier
to answer than questions about scientific core-concepts
such as false-positive or false-negative results or a com-
parison of indicators compared to women not perform-
ing screening as included in this study. Furthermore,
knowledge in the Dutch study was measured by yes/no
answers rather than by multiple choice options. This
needs to be considered when comparing our results to
findings from other studies. But in general, as different
studies use different definitions and cut-offs, it is diffi-
cult to compare the actual knowledge of women.
Previous studies have shown that women especially

tend to overestimate benefits and to underestimate
harms of screening programs [8, 10, 11, 13]. In our
study, women underestimated the number of diagnosis
within the screening program compared to not perform-
ing screening. Further aspects were not numerically
assessed. However, almost 70% knew about the possibil-
ity of false-positive and about 50% knew about the possi-
bility of false-negative results.
Our results confirm previous international research in-

dicating that poor knowledge is particularly observed
among women with a low educational level [10, 11, 13–
15]. The lower chance of having sufficient knowledge
about benefits and harms of the MSP among immigrant
women might be explained by poorer German language
skills. The extremely low odds for sufficient knowledge
among Turkish women in this study might be explained
by the language of data collection. Providing women
with a Turkish questionnaire enabled all women to re-
spond – including women with no or very limited Ger-
man language skills. Contrastingly, the invitation and the
enclosed information brochure of the MSP are only dis-
tributed in German (different language versions are
available online but are not send by mail, i.e., accessing
the Turkish version requires more effort than accessing
the German version). Therefore, many Turkish women
with rather poor German language skills were able to
answer our questionnaire, but were not able to read and
understand the information brochure which was sent
with the invitation to the MSP.

Especially the numeric question, asking for the breast
cancer incidence among MSP participants, showed dif-
ferences by educational level and migration status.
Women with a low educational level and immigrant
women, particularly women with a Turkish migration
background, responded that they didn’t know the correct
answer. Numeric questions have also previously been
shown to be difficult to answer [8, 13, 14]. Therefore, we
did not ask for the correct number but gave (very wide)
numeric ranges as answer options. Nonetheless, numeric
concepts seem to be difficult to answer for women.
Another explanation for poor knowledge about bene-

fits and harms of the MSP might be low level of health
literacy. Especially migrants and persons of low educa-
tional level have been shown to perceive more difficul-
ties in processing health information [24]. However, we
did not assess health literacy in this study.
We also observed higher odds of having sufficient

knowledge when women had received an invitation to
the MSP. Thus, the information included in the accom-
panying brochure seemed to increase women’s know-
ledge about the procedure, benefits and harms of the
MSP. However, it is also possible that women have
higher motivation to gather information about benefits
and harms after receiving the invitation to the MSP itself
because they are aware of the procedure and prompted
to make a choice. Our results showed a lower propor-
tion of correct answers, compared to an evaluation study
of the German information brochure [11]. However, this
may be explained by a different study procedure.
Whereas women in the trial received questionnaire and
brochure together, knowledge in our study was mea-
sured after women received the brochure and some time
to contemplate their decision and access additional in-
formation about the MSP. Since we didn’t ask the study
participants whether they had read and understood the
information brochure, we cannot differentiate whether
the positive impact of the invitation letter was due to the
information brochure itself or due to the fact that
women needed to make a decision.

Strengths and limitations
A strength of our study is that the questionnaire was
sent at about the same time as the invitation letter and
measured knowledge in a realistic and not a trial con-
text. Marteau and colleagues [19] noted that knowledge
should be measured before the choice of (non-)partici-
pation is made. Furthermore, it is known that habit is an
important factor for screening behavior [17]. Thus,
knowledge at the time of the first decision is especially
important. In addition, we were able to identify Turkish
women based on a name-based algorithm and to send
them the questionnaire in German and Turkish. To our
knowledge, this is the first study investigating knowledge
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about benefits and harms of the MSP separated by mi-
gration status.
One limitation of this study is that women with a low

educational level and women with a migration back-
ground were underrepresented. Thus, knowledge in our
study is likely to be overestimated. Furthermore, immi-
grant women with poor German language skills, except
for women with a Turkish migration background, might
not have been able to respond since the questionnaire
was only distributed in German and Turkish language.
This would also have led to an overestimation of know-
ledge among immigrant women. Furthermore, we de-
cided to use the mid-point of the knowledge scale to
define sufficient knowledge as there are no clear guide-
lines as to what constitutes sufficient knowledge. This
was already performed in previous studies [19, 20, 23],
but may, however, be debatable.

Conclusions and implications
To conclude, knowledge about benefits and harms of the
MSP strongly differs by educational level and migration
status. Especially women with a low educational level
and immigrant women showed much lower chances for
sufficient knowledge. Based on numerous critiques about
the information brochure in Germany and requests that
the information should be written in an easily under-
standable language [25], it has been revised in 2017 [26],
thus, knowledge may have improved. It needs to be fur-
ther evaluated, whether the new information brochure
enables women, and especially women with low educa-
tional level and migration background, to have sufficient
knowledge about benefits and harms of the MSP to en-
able them to make an informed choice for or against
participation in the screening. A positive test result and
a following diagnosis of breast cancer is oppressive and
scary and might affect the mental and emotional health
of women. Therefore, it is especially important that
women know beforehand that a positive test result does
not imply that it is breast cancer and that the possibility
of an overdiagnosis is given. Furthermore, future re-
search should explore standardized criteria of sufficient
knowledge.

Additional file

Additional file 1: Table S1. Response frequencies for each knowledge
item separated by educational level, migration status and received
invitation. (DOCX 19 kb)
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