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Abstract 

Background: The Predicting Risk of Cancer at Screening (PROCAS) study provided women who were eligible for 
breast cancer screening in Greater Manchester (United Kingdom) with their 10-year risk of breast cancer, i.e., low 
(≤1.5%), average (1.5–4.99%), moderate (5.-7.99%) or high (≥8%). The aim of this study is to explore which factors 
were associated with women’s uptake of screening and prevention recommendations. Additionally, we evaluated 
women’s organisational preferences regarding tailored screening.

Methods: A total of 325 women with a self-reported low (n = 60), average (n = 125), moderate (n = 80), or high 
(n = 60) risk completed a two-part web-based survey. The first part contained questions about personal characteris-
tics. For the second part women were asked about uptake of early detection and preventive behaviours after breast 
cancer risk communication. Additional questions were posed to explore preferences regarding the organisation of 
risk-stratified screening and prevention. We performed exploratory univariable and multivariable regression analyses 
to assess which factors were associated with uptake of primary and secondary breast cancer preventive behaviours, 
stratified by breast cancer risk. Organisational preferences are presented using descriptive statistics.

Results: Self-reported breast cancer risk predicted uptake of (a) supplemental screening and breast self-examination, 
(b) risk-reducing medication and (c) preventive lifestyle behaviours. Further predictors were (a) having a first degree 
relative with breast cancer, (b) higher age, and (c) higher body mass index (BMI). Women’s organisational preferences 
for tailored screening emphasised a desire for more intensive screening for women at increased risk by further short-
ening the screening interval and moving the starting age forward.

Conclusions: Breast cancer risk communication predicts the uptake of key tailored primary and secondary preven-
tive behaviours. Effective communication of breast cancer risk information is essential to optimise the population-
wide impact of tailored screening.
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Background
In the United Kingdom (UK), the National Health Service 
Breast Screening Programme (NHSBSP) offers triennial 
mammography screening to women aged 50–70 years 
[1]. It effectively enables early detection of breast can-
cer, thereby potentially improving treatment options 
and reducing breast cancer mortality [2]. The balance of 
screening benefits against known harms (overdiagnosis, 
overtreatment, false-positive recall) may improve when 
screening is based on a woman’s individual breast cancer 
risk. The Predicting Risk of Cancer at Screening (PRO-
CAS) study has shown that breast cancer risk assessment 
is feasible within the breast cancer screening setting of 
Greater Manchester, England [3]. To assess breast can-
cer risk, up to three sources of information were col-
lected amongst 53,000 women between 2009 and 2013, 
i.e., (a) self-reported information on family history of 
breast cancer, parity, body mass index (BMI), height, age 
at menarche/menopause/first live birth, menopause hor-
mone therapy use, (b) mammographic density, and (c) 
single-nucleotide polymorphisms (SNPs) derived from 
saliva. With this information, women could be classi-
fied as low, average, moderate, or high risk of developing 
breast cancer within the next 10 years using the Tyrer-
Cuzick (TC) risk prediction model [4]. Screening and 
primary prevention recommendations were subsequently 
provided to women based on their estimated breast can-
cer risk (Fig. 1). High-risk women were offered more fre-
quent screening. Additionally, moderate and high-risk 
women were informed about taking medication (tamox-
ifen or raloxifene) to potentially decrease their breast 
cancer risk [5]. All risk categories were recommended 
to maintain a healthy lifestyle characterised by limited 

alcohol intake, a Mediterranean diet, and physical activ-
ity levels in line with cancer prevention guidance [6].

For risk-based screening to have a real impact on breast 
cancer incidence, uptake of screening and prevention 
recommendations needs to be optimal. However, evi-
dence suggests that communicating personalised breast 
cancer risk has no consistent effects on women’s inten-
tions to change screening or prevention behaviours [7]. 
This finding is consistent with previous research showing 
that personalised risk estimates alone do not have much 
impact on health-related behaviour change [8, 9]. How-
ever, when risk information is given in conjunction with 
information about how to reduce the risk, it has larger 
effects on behaviour [10]. It additionally appears that risk 
perceptions more strongly impact motivations to change 
early detection behaviours, e.g., screening [11], than 
prevention behaviours, e.g., uptake of a weight loss pro-
gramme [12]. This highlights the importance to evaluate 
the uptake of early detection and prevention behaviours 
separately.

The present research therefore aimed to explore which 
factors predict PROCAS participants’ uptake of screen-
ing and prevention recommendations after breast can-
cer risk communication. Additionally, we assessed their 
preferences regarding the organisation of risk-stratified 
breast cancer screening and prevention.

Methods
Design
Cross-sectional data were collected between Febru-
ary and April 2019 in the Greater Manchester Area 
(UK) using a web-based survey which was designed 
using qualitative focus group data [13]. Ethics approval 
was acquired from the London Central NHS Research 

Fig. 1 Risk-tailored screening and prevention pathways of the PROCAS study
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Ethics Committee (16/LO/0925). Informed consent was 
obtained online prior to the start of the survey.

Participants
Women were selected from the participant database of the 
PROCAS study. All PROCAS participants had previously 
received their personal 10-year TC breast cancer risk cat-
egory, i.e., low (≤1.5%), average (1.5–4.99%), moderate (5.-
7.99%) or high (≥8%) risk, between October 2014 and June 
2016. Each risk category contained tailored screening and 
preventive options based on the information materials of 
the PROCAS study (Fig. 1). For the survey study, women 
were randomly sampled within each risk category if they 
met the following inclusion criteria: meet the UK screening 
eligibility criteria at the time of the survey study, i.e. aged 
50–70 years and without a breast cancer diagnosis, and 
consented to being approached for follow-up studies.

In January and February 2019 we sent 2800 women in 
the Greater Manchester Area a participant information 
sheet, i.e., 700 per risk category. Women could contact 
the study team by email or telephone if they wanted to 
participate in the study, after which they received an 
e-mail with a weblink to the online survey.

Procedure
The survey took 20–30 min to complete and contained 
two parts. In the first part, all participants answered 
questions about different aspects of their lives, e.g., 
demographics, family history, and general health. For 
the second part, participants were asked to recall their 
breast cancer risk as counselled by the PROCAS study 
team, i.e., low, average, moderate, or high risk. We had 
to rely on self-reported breast cancer risk, since we 
did not have information on counselled risk at time of 
survey completion. Dependent on their self-reported 
risk (Fig. 1), women were asked about early detection 
behaviours, i.e., (1) supplemental mammography out-
side of the national screening programme, i.e., women 
acquiring a referral through their GP for a clinical 
mammogram in between screening mammograms; (2) 
increased breast self-examination; and uptake of pre-
ventive behaviours, i.e., (3) risk-reducing medication 
and (4) lifestyle changes (diet, physical activity, and 
alcohol intake). Additional questions were posed to 
explore preferences regarding the organisation of risk-
stratified screening and prevention, i.e., acceptability 
of risk feedback in a letter, need for risk consultation, 
preferred risk counsellor, potential use of informative 
website, preferred screening interval, and preferred 
way of taking risk-reducing medication. A copy of the 
survey is available upon request.

Measures
Outcome variables
Women were asked about changes to their early detec-
tion and preventive behaviours since receiving their 
breast cancer risk estimate, i.e., 31–52 months after risk 
counselling.

Early detection behaviours: (1) intent to request sup-
plemental mammography outside the national screening 
programme (yes vs. no or do not know; for average and 
moderate risk groups), (2) increased breast self-examina-
tion (yes vs. no).

Preventive behaviours: (3) started with preventa-
tive medication (yes vs. no; for moderate and high-risk 
groups), (4) changed diet (yes vs. no), (5) changed physi-
cal activity levels (yes vs. no), (6) changed alcohol intake 
(yes vs. no).

Determinants

Self‑reported breast cancer risk Participants were asked 
what they remember their counselled breast cancer risk 
was, i.e., low, average, moderate, or high. Participants 
provided their PROCAS study ID which enabled us to 
obtain their actual counselled breast cancer risk after 
survey completion.

Sociodemographic variables Data on participants’ age 
(continuous), educational attainment (lower education, 
higher secondary education, higher vocational education 
including university and post-graduate degree), marital 
status (living together versus alone), and body mass index 
(BMI in kg/m2, continuous) were acquired.

Medical history We included information on women’s 
medical history, i.e. family history of breast cancer (yes/
no), personal history of benign breast disease (yes/no), 
previous biopsy (yes/no), diagnosed with one of the fol-
lowing medical conditions: cardiovascular disease, 
stroke, high blood pressure, asthma, chronic bronchitis, 
COPD, diabetes, ulcer, kidney disease, liver disease, anae-
mia, thyroid disease, depression, arthritis, and backache 
(< 2, ≥ 2 to indicate co-morbidity), and current medica-
tion use for one or more of these conditions, including 
menopausal hormone therapy (yes/no).

General health General health on the day of participa-
tion was measured with the general EuroQol visual ana-
logue scale (EQ VAS) [14]. It records self-rated health 
on a vertical scale ranging from 0 (worst imaginable 
health state) to 100 (best imaginable health state). It was 
included in analyses as a continuous measure.
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Health anxiety Health anxiety was measured with the 
validated 14-item Short Health Anxiety Inventory [15, 
16]. Each item contains four statements. Participants are 
asked to choose the statement that best describes their 
feelings from the past 6 months on a scale from 0 (low 
health anxiety) to 3 (high health anxiety). A total sum 
score was calculated which was used as a continuous 
measure in analyses.

Health locus of control Health locus of control refers to 
a person’s beliefs or expectations about which persons or 
other factors determine their health [17]. It was meas-
ured with the widely-used and validated 18-item Mul-
tidimensional Health Locus of Control Scales [17, 18]. 
There are three scales of each six items assessing an inter-
nal locus of control, a powerful others locus of control, 
and a chance locus of control. Answers are provided on 
a 6-point Likert scale ranging from strongly disagree (1) 
to strongly agree (6). For each scale, a total score can be 
calculated by summing the items. For analyses we used 
the highest scale score for each participant to indicate 
their main locus of control, resulting in a variable with 
four categories, i.e. 1 ‘mostly internal’, 2 ‘mostly powerful 
others, e.g. physicians’, 3 ‘mostly chance’, and 4 ‘no clear 
preference’.

Life events Life events experienced in the past year were 
measured using an abbreviated version of the validated 
Holmes-Rahe Stress Inventory [19]. Based on our previ-
ously described focus group results [13], we included 10 
life events that were considered relevant to the poten-
tial adoption of risk-based breast cancer screening and 
prevention. For analyses, we used a cut-off score of < 2 
and ≥ 2 life events in the past year to enable meaningful 
group analysis.

Beliefs about medicines General beliefs about medi-
cines were measured with the validated 8-item Beliefs 
About Medicines Questionnaire [20]. It comprises of two 
4-item scales: the first scale assesses the belief that medi-
cines are harmful, addictive, poisonous and should not be 
taken continuously; the second scale assesses the belief 
that medicines are overused by physicians. Answers are 
scored on a 5-point Likert scale ranging from 1 (strongly 
disagree) to 5 (strongly agree). Higher scores indicate a 
stronger belief. A sum score was calculated for both sub-
scales and used continuously in analyses.

Statistical analyses
We used multiple imputation to impute missing data 
on age (5.8%), education level (8.6%), BMI (6.5%), his-
tory of benign breast disease (3.4%), and previous breast 

biopsy (1.5%). Missing data on these variables were due 
to women omitting to supply an answer to these ques-
tions in the survey. We additionally imputed missing 
data on counselled breast cancer risk as relayed by the 
PROCAS study team (5.8%). These missing values were 
due to women omitting to supply an identification num-
ber and/or date of birth, which left us unable to link their 
survey information to PROCAS study records. Pattern 
analysis was performed to ensure that data was missing 
at random. All six variables with missing data were added 
to the multiple imputation model in addition to marital 
status, first degree family history of breast cancer, cur-
rent medication use, mammography intent, supplemental 
mammography intent, performance of breast self-exam-
ination, uptake of preventive medication, and changes 
to diet, physical activity, and alcohol intake, which were 
used as indicators. A total of 10 imputed datasets were 
created using univariate regression with no rounding.

Descriptive statistics were presented to establish 
women’s general characteristics and their screening and 
prevention behaviours/preferences. These were further 
stratified by self-reported and counselled breast cancer 
risk (i.e., low, average, moderate, and high).

We performed exploratory univariable and multivari-
able logistic regression analyses to calculate odds ratios. 
These odds ratios and their 95%-confidence intervals 
were used to assess which factors are associated with 
women deciding to (1) request additional mammogra-
phy outside the screening programme, (2) increase breast 
self-examination, (3) change dietary habits, (4) increase 
exercise habits, (5) reduce alcohol intake, and (6) start a 
course of preventative medication. The chosen determi-
nants were based on a systematic review of the litera-
ture and our previous focus group study [13, 21]. In the 
multivariable analyses, all associations were corrected 
for confounding by adding all potential confounders to 
the model simultaneously. Results from the multivari-
able analyses are presented below. For results from the 
univariate analyses we refer you to Supplement 5. For 
our main analysis we relied on women’s self-reported 
breast cancer risk, since subsequent survey questions on 
screening and prevention pathways were based on this 
risk. We performed two sensitivity analyses (Supplement 
1) assessing the main outcomes for women who cor-
rectly reported their counselled risk and for women who 
reported another risk than counselled. For both sensitiv-
ity analyses, we selected the determinants and outcomes 
with sufficient sample sizes. Overall, results were rela-
tively similar for both groups. However, first degree fam-
ily history of breast cancer was only a predictor of intent 
to request supplemental mammography in women who 
correctly reported their counselled risk. Analyses were 
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performed with IBM SPSS version 22 (Armonk, NY: IBM 
Corp).

Results
Participants’ breast cancer risk
A total of 325 women participated in the study (response 
rate 11.6%). Women were, on average, 61 years of age, 
had completed secondary education or higher, and were 
living with a partner (Table 1). They had a self-reported 
low (n  = 60), average (n  = 125), moderate (n  = 80), or 
high (n = 60) risk of developing breast cancer (Table 1). 
The distribution of breast cancer risk factors did not cor-
respond to women’s self-reported risk. We therefore also 
stratified women’s characteristics by counselled breast 
cancer risk (Supplement 2). This shows a distribution of 
breast cancer risk factors more in line with established 
epidemiology, with a higher prevalence of a first degree 
family history of breast cancer and benign breast disease 
among women at increased risk. Supplement 3 shows the 
level of correspondence between women’s self-reported 
risk and counselled risk. Based on counselled risk, only 

23.2% of participants had an average breast cancer risk, 
whereas 61.1% were at increased risk, showing response 
bias. This is confirmed by comparing the characteristics 
(e.g., family history of breast cancer) of our study sam-
ple with those of all PROCAS participants (n = 53,596; 
Supplement 4). For 72.4% (n = 97) of women who incor-
rectly recalled their counselled risk, this inaccuracy led 
to survey questions on screening and prevention recom-
mendations that they would not have received. Conspic-
uously, only six participants reported this discrepancy 
in the open-ended comment box with which the survey 
concluded.

Early detection behaviours after risk communication
Table  2 describes women’s screening and preventive 
behaviours after risk communication. Most women 
(94.8%) indicated that they adhered to their risk-based 
mammography screening recommendation. Perceived 
need for supplemental mammography screening was rel-
atively high (22.9%). High-risk women in particular per-
formed more breast self-examination after risk feedback. 
Higher self-reported breast cancer risk was associated 

Table 1 General characteristics of all participants, and for each self-reported breast cancer risk category

a  n = 19 missing values (5.8%); b n = 28 missing values (8.6%); c n = 21 missing values (6.5%); d Menopause hormone therapy; e n = 11 missing values (3.4%); f n = 5 
missing values (1.5%); g HLoC health locus of control

All women
N = 325

Low risk
N = 60

Average risk
N = 125

Moderate risk
N = 80

High risk
N = 60

Age (years), mean (SD)a 61.3 (4.9) 61.9 (4.7) 61.5 (5.1) 61.8 (4.9) 60.0 (4.6)

Education level, n (%)b

 Lower education 68 (20.9) 14 (23.3) 27 (21.6) 14 (17.5) 13 (21.7)

 Higher secondary education 98 (30.2) 13 (21.7) 42 (33.6) 26 (32.5) 17 (28.3)

 Higher vocational qualification 131 (40.3) 24 (40.0) 46 (36.8) 37 (46.3) 24 (40.0)

Marital status, n living with partner (%) 256 (78.8) 54 (90.0) 94 (75.2) 61 (76.3) 47 (78.3)

First degree family history breast cancer, n yes (%) 138 (42.5) 4 (6.7) 41 (32.8) 49 (61.3) 44 (73.3)

Body mass index (kg/m2), mean (SD)c 24.9 (3.5) 25.1 (3.3) 24.7 (3.5) 24.8 (3.4) 25.3 (3.8)

Medical condition, n ≥ 2 diagnosed (%) 164 (50.5) 27 (45.0) 68 (54.4) 47 (58.8) 22 (36.7)

Current medication use, n yes (%) 144 (44.3) 30 (50.0) 56 (44.8) 33 (41.3) 25 (41.7)

Current  MHTd use, n yes (%) 26 (8.0) 8 (13.3) 14 (11.2) 4 (5.0) 20 (33.3)

Benign breast disease, n yes (%)e 121 (37.2) 21 (35.0) 41 (32.8) 35 (43.8) 24 (40.0)

Previous breast biopsy, n yes (%)f 81 (24.9) 10 (16.7) 30 (24.0) 21 (26.3) 20 (33.3)

General health score, mean (SD) 82.7 (14.6) 84.1 (17.5) 81.3 (15.0) 84.4 (11.9) 81.7 (14.2)

Life events, n ≥ 2 (%) 89 (27.4) 15 (25.0) 34 (27.2) 24 (30.0) 16 (26.7)

Health locus of  controlg, n (%)

 Internal 109 (33.5) 21 (35.0) 44 (35.2) 23 (28.7) 21 (35.0)

 Physician 11 (3.4) 2 (3.3) 5 (4.0) 2 (2.5) 2 (3.3)

 Chance 167 (51.4) 31 (51.7) 61 (48.8) 47 (58.8) 28 (46.7)

 No clear preference 38 (11.7) 6 (10.0) 15 (12.0) 8 (10.0) 9 (15.0)

Belief in medicines, mean (SD)

 Harm 7.9 (2.3) 8.5 (2.6) 7.8 (2.2) 8.0 (2.2) 7.3 (2.2)

 Overuse 11.3 (3.0) 11.6 (3.0) 11.2 (2.8) 11.6 (3.2) 10.9 (3.0)

Health anxiety, mean (SD) 10.8 (4.9) 8.8 (4.4) 10.8 (4.9) 11.2 (4.3) 12.2 (5.4)
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with supplemental mammography intent (moderate 
vs. average  ORadj 3.88, 95% CI 1.86, 8.07) and increased 
breast self-examination (high vs. average  ORadj 3.83, 95% 
CI 1.89, 7.77) (Table 3). Having a first degree family his-
tory of breast cancer was associated with supplemental 
mammography intent  (ORadj 2.03, 95% CI 1.02, 4.03). 
This association was also found in our sensitivity analy-
sis of women who accurately reported their counselled 
breast cancer risk (Supplement 1).

Preventive behaviours after risk communication
High-risk women were more likely than the other risk 
groups to have changed their diet, exercise and alcohol 
intake habits (Table 2). More high-risk (66.0%) than mod-
erate risk (31.7%) women started taking risk-reducing 
medication (tamoxifen or raloxifene), preferring oral 
to topical medication. Self-reported breast cancer risk 
was associated with increased adoption of a healthy diet 
(high vs. average  ORadj 4.60, 95% CI 2.03, 10.42), exer-
cise (high vs. average  ORadj 2.18, 95% CI 1.05, 4.56), and 
risk-reducing medication (moderate vs. high  ORadj 0.12, 
95% CI 0.04, 0.39) (Table  4). Higher age was associated 
with taking risk-reducing medication  (ORadj 1.13, 95% CI 
1.01, 1.28). This association was not found in our sensi-
tivity analysis of women who correctly reported their 
breast cancer risk to be moderate or high (Supplement 
1). Higher BMI was associated with the adoption of a 
healthy diet  (ORadj 1.24, 95% CI 1.13, 1.36) and exercise 
 (ORadj 1.10, 95% CI 1.01, 1.19). This association persisted 
for BMI in the sensitivity analyses (Supplement 1).

Preferences for organisation of healthcare
Table 2 provides an overview of women’s organisational 
preferences, stratified by their self-reported breast cancer 
risk. Most self-reported low, average and moderate risk 
women found it acceptable to receive their risk result in 
a letter, with 75% of high-risk women requesting a face-
to-face consultation with either a GP or oncologist. Most 
low-risk women would prefer to maintain their screening 
interval of 3 years (56.7%) or extend the interval to 4 years 
(33.3%). Only 26.7% of high-risk women were satisfied 
with their proposed screening interval of 18 months, 
with 65% of women preferring a shorter interval. We also 
asked low and high-risk women their preferred starting 
age for screening. Most low-risk women (70%) preferred 
to maintain the current starting age of 50. Most high-risk 
women would prefer to start screening at age 40 (80%).

Discussion
Mammography screening uptake after risk communica-
tion is high among all risk groups, which is in line with 
previous findings [3], although the overrepresentation 
of high-risk women might have identified those most 
likely to be adherent. Risk communication leads to higher 
breast cancer awareness as illustrated by women increas-
ing the frequency of breast self-examination. Higher self-
reported breast cancer risk and higher BMI were most 
consistently associated with the adoption of preventive 
health behaviours.

Women’s satisfaction with their recommended risk-
tailored screening interval is uncertain, reporting high 
perceived need for supplemental mammography outside 
the national screening programme. High-risk women 

Table 3 Explorative analyses of factors associated with early 
detection behaviours after risk feedback with tailored screening 
recommendations

a  Adjusted for age, education, first degree relative with breast cancer, benign 
breast disease, general health, breast cancer risk, and health anxiety; b Odds 
ratios in bold are significant with p < 0.05; c Age per 1 year increase; d FDR = first 
degree relative; e General health per one point increase; f Health anxiety per one 
point increase; g n = 11 people with a physician health locus of control were 
excluded due to small sample size

Characteristic Supplemental 
mammography 
intent

Increased breast 
self-examination

Multi-adjusteda Multi-adjusteda

ORb (95% CI) ORb (95% CI)

Self-reported breast cancer risk

 Low n/a 0.66 (0.30, 1.45)

 Average Reference Reference

 Moderate 3.88 (1.86, 8.07) 2.43 (1.30, 4.53)

 High n/a 3.83 (1.89, 7.77)

Age (year)c 1.03 (0.97, 1.10) 0.98 (0.93, 1.03)

Education

 Lower Reference Reference

 Higher secondary 1.03 (0.44, 2.39) 0.90 (0.46, 1.74)

 Higher vocational 0.73 (0.32, 1.63) 0.54 (0.28, 1.03)

FDRd with breast cancer

 No Reference Reference

 Yes 2.03 (1.02, 4.03) 1.10 (0.64, 1.90)

Benign breast disease

 No Reference Reference

 Yes 1.20 (0.65, 2.23) 1.46 (0.89, 2.41)

Previous breast biopsy

 No Reference Reference

 Yes 1.56 (0.63, 3.83) 1.45 (0.71, 2.95)

General  healthe 0.99 (0.97, 1.01) 0.99 (0.97, 1.01)

Health  anxietyf 0.99 (0.92, 1.07) 1.01 (0.95, 1.07)

Health locus of  controlg

 No preference Reference Reference

 Internal 0.94 (0.31, 2.83) 1.18 (0.49, 2.86)

 Chance 1.12 (0.39, 3.20) 1.99 (0.87, 4.57)
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would prefer annual screening. The majority of modelling 
studies conclude that annual screening provides the best 
benefit-to-harm ratio for high-risk women, although def-
initions of high risk differ across studies [22–24]. Some 
modelling studies advocate biennial screening because 
of the substantial increase in false-positive screening test 
results associated with annual screening [25]. Alterna-
tively, lowering the starting age of screening from 50 to 

40 years for high-risk women can also increase screening 
benefit [25]. This would correspond to high-risk wom-
en’s preferred starting age. Moreover, high-risk women 
with extremely dense breast tissue can benefit from sup-
plemental MRI screening [26]. Most low-risk women 
wanted to maintain their current screening interval of 3 
years (56.7%). This infers that acceptability of decreasing 

Table 4 Explorative analyses of factors associated with preventive behaviours after breast cancer risk feedback with tailored 
prevention recommendations

a  Adjusted for age, education, BMI, first degree relative with breast cancer, benign breast disease, general health, breast cancer risk, and health anxiety; b Odds ratios 
in bold are significant with p < 0.05; c FDR first degree relative; d Additionally adjusted for beliefs about medicines; e Additionally adjusted for current medication use; 
f Estimate based on a subgroup with fewer than 10 study participants; g Age per 1 year increase; h BMI per 1 point increase; i General health per one point increase; j 
Health anxiety per one point increase

Characteristic Started medication Changed diet Increased exercise Limited alcohol intake

Multi-adjusteda Multi-adjusteda Multi-adjusteda Multi-adjusteda

ORb (95% CI) ORb (95% CI) ORb (95% CI) ORb (95% CI)

Self-reported breast cancer risk

 Low n/a 0.79f (0.29, 2.16) 1.71 (0.80, 3.66) 1.22f (0.54, 2.77)

 Average n/a Reference Reference Reference

 Moderate 0.12f (0.04, 0.39) 2.57 (1.19, 5.55) 0.89 (0.43, 1.85) 1.26 (0.60, 2.64)

 High Reference 4.60 (2.03, 10.42) 2.18 (1.05, 4.56) 1.44 (0.64, 3.24)

Ageg 1.13 (1.01, 1.28) 0.98 (0.92, 1.05) 1.01 (0.96, 1.07) 1.01 (0.95, 1.07)

Education

 Lower 0.61f (0.15, 2.41) Reference Reference Reference

 Higher secondary 2.05 (0.64, 6.62) 1.42 (0.63, 3.22) 1.08 (0.52, 2.23) 1.14 (0.53, 2.49)

 Higher vocational Reference 1.13 (0.50, 2.55) 1.11 (0.55, 2.27) 0.78 (0.36, 1.67)

BMIh 0.98 (0.84, 1.14) 1.24 (1.13, 1.36) 1.10 (1.01, 1.19) 0.99 (0.91, 1.08)

FDRc breast cancer

 No Reference Reference Reference Reference

 Yes 0.42 (0.13, 1.37) 1.11 (0.57, 2.13) 1.70 (0.93, 3.11) 1.05 (0.56, 1.98)

Benign breast disease

 No Reference Reference Reference Reference

 Yes 0.83 (0.29, 2.37) 0.88 (0.47, 1.64) 0.75 (0.43, 1.30) 1.02 (0.57, 1.83)

Previous breast biopsy

 No Reference Reference Reference Reference

 Yes 1.76 (0.31, 9.89) 1.31 (0.55, 3.16) 0.90 (0.40, 2.00) 2.01 (0.83, 4.91)

Co-morbidity

 0–1 Reference Reference Reference Reference

 ≥ 2 1.37 (0.48, 3.93) 1.42 (0.75, 2.70) 0.62 (0.35, 1.11) 0.77 (0.42, 1.41)

General  healthi 1.00 (0.95, 1.04) 1.00 (0.98, 1.02) 0.99 (0.97, 1.01) 1.00 (0.98, 1.03)

Life events

 0–1 Reference Reference Reference Reference

 ≥ 2 0.47 (0.15, 1.41) 0.63 (0.32, 1.22) 0.92 (0.52, 1.64) 0.53 (0.27, 1.06)

Health  anxietyj 0.88 (0.77, 1.00) 1.04 (0.97, 1.12) 1.01 (0.94, 1.07) 1.00 (0.94, 1.08)

Current medication  used

 No Reference n/a n/a n/a

 Yes 1.09 (0.38, 3.18) n/a n/a n/a

Beliefs about  medicinese

 Harm 0.92 (0.72, 1.17) n/a n/a n/a

 Overuse 0.89 (0.74, 1.06) n/a n/a n/a
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the screening frequency for low-risk women is low, which 
is in line with previous research [13].

Lifestyle interventions were mostly adopted by women 
with a higher BMI and women who were at a self-
reported increased risk of developing breast cancer. 
This suggests that risk feedback can motivate women for 
whom lifestyle interventions are likely to have the great-
est benefit. It corresponds to a previous study among 
PROCAS participants which showed that women with an 
increased breast cancer risk were significantly more likely 
to join and remain in two weight loss programmes than 
low-risk women, and consequently had lost more weight 
at 12-month follow-up [12]. However, previous research 
has shown that risk-based lifestyle recommendations do 
not result in sustained changes in health-related behav-
iours [8, 9]. Therefore, women’s long-term adherence to 
the weight loss interventions will have to be evaluated.

Self-reported low-risk women’s apparent disengage-
ment with lifestyle interventions is concerning in light 
of the general health benefits that can be achieved [12]. 
There is also a group of women who are still undecided 
on the uptake of preventive measures. Around 30% of 
women who say they could benefit from preventive life-
style interventions have not yet adopted any. Additionally, 
one third of women eligible for risk-reducing medication 
based on their self-reported risk were still considering 
uptake years after receiving their breast cancer risk feed-
back. A previous focus group study with PROCAS par-
ticipants provided insights into incentives and barriers 
to the uptake of preventative measures for breast cancer 
[13]. Women were sceptical of the link between lifestyle 
and breast cancer, citing inconsistent messages in the 
media as the main reason for their scepticism. They also 
emphasised the difficulty of maintaining a healthy life-
style. Barriers to the uptake of risk-reducing medication 
were potential side effects and the perceived daily hassle. 
Women want to be convinced that the perceived barri-
ers of lifestyle changes and medication weigh up to the 
breast cancer risk reduction that can be achieved. This 
underlines the importance of comprehensive information 
materials and decision aids which outline the benefits 
and harms of all risk-tailored screening and preventive 
options.

The discordance between counselled breast cancer 
risk and self-reported risk may mean that PROCAS par-
ticipants currently do not receive optimal early detection 
and preventive care according to risk-based guidance. 
More than half of high-risk women who would have 
been eligible for more intensive screening, reported a 
lower to moderately increased risk. These women may 
be unaware of the additional screening they can request. 
In addition, moderate to high-risk women who have 
reported an average to low breast cancer risk (31.6%) 

may be unaware that they are eligible for risk-reducing 
medication in the UK. Recall of health risks is known to 
be suboptimal [27, 28] and therefore the results of this 
study are not entirely surprising. Retention of risk and 
the meaning of test results appears particularly poor 
when the information is less personally involving, e.g., 
screen-negative versus screen-positive individuals [27]. 
People have a tendency to simplify complex risk infor-
mation, for example by reducing its meaning to either 
‘I’m at risk’ or ‘I’m not at risk’, thereby reducing the cog-
nitive effort required to understand complex risk infor-
mation [29]. PROCAS participants who were informed 
to be at average or low risk may have remembered that 
they were not at increased risk. This may have resulted 
in the terms ‘low’ and ‘average’ being used interchange-
ably, since neither required changes to their screening 
policy. Additionally, systematic recall bias in individuals 
who received the most undesirable, personally threaten-
ing test result has been reported before, with individu-
als recalling lower, i.e., healthier, risk categories than 
counselled [28]. This appears to be an attempt to reduce 
the perceived threat of the risk information and thereby 
any associated distress [30]. PROCAS participants’ risk 
recall in this study is mostly in line with this, showing 
bias towards reduced risk. This has been reported before, 
for example in a study of risk recall among cystic fibrosis 
carriers whose long-term (3-year) risk recall and under-
standing was poor and biased towards reduced risk [27]. 
The discordance between counselled breast cancer risk 
and self-reported risk can also be a result of risk sta-
tus altering in the light of new information. Within the 
31–52 weeks after risk feedback a woman’s risk factors, 
e.g., family history, MHT use, or benign breast disease, 
may have changed, altering her risk perception. Women’s 
risk recall and understanding could be improved by tak-
ing into account women’s likely prior knowledge and by 
presenting risk more vividly, e.g., with visual images [31].

Successful implementation of risk-based breast can-
cer screening and prevention relies heavily on women’s 
participation and adherence to recommended care path-
ways. If risk-based screening is implemented in practice, 
routine invitations in line with a woman’s tailored screen-
ing interval will be issued, taking some of the responsi-
bility away from women. For successful implementation 
of risk-based prevention measures, we may have to look 
outside of the current screening infrastructure to, for 
example, primary care professionals for assistance. Estab-
lishing a chain of responsibility from screening to pri-
mary care professionals could aid women’s uptake and 
adherence to preventive measures. In many European 
countries, general practitioners (GPs) are optimally posi-
tioned to gauge a woman’s preferences and motivation 
regarding breast cancer prevention. Their knowledge of a 
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woman’s (medical) history and homelife, combined with 
a relatively high frequency of contact, will enable GPs to 
effectively monitor women’s progress and wishes.

Two experimental studies are currently investigat-
ing whether risk-based screening is at least equally or 
potentially more effective and efficient than age-based 
screening. In the US, the Women Informed to Screen 
Depending on Measures of risk (WISDOM) project was 
initiated in 2016 [32]. It is a multi-centre preference-tol-
erant trial that compares annual mammography to a risk-
based approach in 40–74 year old women. Four breast 
cancer risk categories are distinguished, i.e., lowest, aver-
age, elevated, and highest risk, with subsequent screen-
ing strategies varying from no screening until age 50, 
biennial screening, annual mammography, and annual 
mammography with supplemental MRI, respectively. 
In Europe, the My Personal Breast Screening (MyPEBS) 
study started recruitment in 2019 [http:// mypebs. eu/ en/ 
the- proje ct/]. This randomised, open-label, multi-centre 
study includes women from six different countries, com-
paring current screening strategies with risk-tailored 
strategies. Four risk categories with subsequent screening 
strategies are studied, i.e., low-risk women – mammog-
raphy at 4-year intervals, moderate-risk women – mam-
mography at 2-year intervals, high risk women – annual 
mammography, and very high-risk women – annual 
mammography and supplemental MRI until aged 60. 
These clinical trials will provide important information 
on the cost-effectiveness of risk-based screening. Addi-
tionally, two large feasibility studies are currently under-
way, i.e., the BC-predict study in the UK [33] and the 
Perspective I&I study in Canada [34], exploring imple-
mentation issues such as uptake rates, and acceptability 
to participating women and healthcare professionals. If 
implementation proves warranted and feasible, the pre-
sent study offers valuable insights into the role of risk 
communication in women’s uptake of screening and pre-
vention recommendations and women’s organisational 
preferences.

Strengths and limitations
This is one of the first studies to explore factors asso-
ciated with uptake of early detection and preventive 
behaviours after breast cancer risk communication in 
the screening setting. Previous studies have primar-
ily focused on intent. There are, however, some limita-
tions that need to be considered when interpreting the 
results. We had a relatively low response rate of 11.6%. 
We tried to maximise response by sending women per-
sonally addressed study invitations. However, PROCAS 
participants are approached for a number of different 
follow-up studies. Therefore, they may have already 
been approached for other studies in the past. This 

survey study also required a considerable time invest-
ment of 20–30 min which may have put some women 
off participation. Although we aimed for equal rep-
resentation of all breast cancer risk groups, women 
at increased risk (as identified by the PROCAS study) 
were overrepresented in the study. Moreover, the prev-
alence of a positive first-degree breast cancer family 
history among study participants was very high (42.5%) 
compared to the general population (6.7%) [35] and 
PROCAS study participants as a whole (11.8%). This 
makes the generalisability of our findings to the general 
screening population uncertain. We performed logistic 
regression analysis, since we did not anticipate differ-
ences in ‘time since risk feedback’ to have a significant 
impact on uptake of screening and prevention recom-
mendations. However, with our results showing rela-
tively poor risk recall, time since risk feedback may be 
an interesting factor for future research, with a focus 
on the period shortly after feedback.

Conclusions
Breast cancer risk communication predicts the uptake 
of personalised screening and prevention recommenda-
tions. Having a first-degree family history of breast can-
cer was most consistently associated with the uptake 
of breast care behaviours, whereas having a high BMI 
was the biggest motivator for lifestyle alterations. Tai-
lored screening can more closely correspond to women’s 
organisational preferences by further shortening the 
interval and moving the starting age forward for women 
at increased risk.
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