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Abstract

Introduction Breast cancer is the most common cancer in women, with 80% being oestrogen receptor
positive, requiring endocrine treatment to reduce recurrence. Treatment compliance is vital;
however, 10-50% of patients take an incorrect dosage or discontinue therapy. This has shown a 20%
mortality increase. Additionally, endocrine therapy has been said to negatively impact patient’s bone
health. This study’s aim is to explore patient’s beliefs about endocrine treatment, how perception of
medication risk and benefit affects adherence; as well as investigate the treatments effect on bone
health. Methods: 100 patients diagnosed with oestrogen receptor positive breast cancer in 2020 were
sent the Beliefs about Medicine Questionnaire-Adjuvant Endocrine Therapy (BMQ-AET). A further
101 semi-structured telephone interviews were conducted. Initial and recent DEXA scans were
compared to assess bone density changes. Results The response rate for the questionnaire was
55%(N=55). 49 patients returned the postal paper survey, and 6 patients responded via QR code. 101
patients participated in semi-structured telephone interviews. 13 patients were non-adherent (8.3%).
Non-adherent patients showed decreased BMQ-AET Necessity scores and higher scores for BMQ-
AET Concerns subscales. Joint pain and poor quality of life were the most common reason for non-
adherence, 58%(IN=97), which confirmed the need for more help managing side effects. BMQ-AET
NECESSITY SCORE N MEAN P-VALUE NON-ADHERENT 13 17.54 < 0.001 ADHERENT 143 10.86
BMQ-AET CONCERNS SCORE N MEAN P-VALUE NON-ADHERENT 13 13 0.002 ADHERENT 143
16.54 Of participants suitable for DEXA comparison, the majority (54.2%) showed an increase in bone
density. Conclusion This study demonstrated good compliance to endocrine treatment. Non-
adherent patients showed significantly low BMQ-AET necessity and high BMQ-AET concerns
subscale scores. This highlights that patient’s non-adherent to AET have a lowered perception of
necessity and greater concern regarding the medication, confirming a further need to address
patient’s beliefs about endocrine treatment. DEXA comparison showed increased BMD, which
challenges the previously held beliefs.

Keywords: breast cancer; adherence; endocrine therapy; compliance; questionnaire

1. Introduction

1.1. Background

Breast cancer (BC) is the most common cancer in women in United Kingdom as well as in the
world, accumulating to 15% of all newly diagnosed cancer cases between 2017-2019 [1,2]. Primary
management usually involves surgery, including breast conservation surgery, mastectomy or
axillary lymph node surgery, often followed by radiotherapy to reduce reoccurrence risk [3]. For
patients with oestrogen receptor-positive (ER-Positive) tumours, accounting for approximately 80%

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0772.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2025 d0i:10.20944/preprints202510.0772.v1

2 of 27

of cases, adjuvant endocrine therapies (AET) such as Tamoxifen or Aromatase Inhibitors (Als) are
recommended [4].

1.2. Relationship Between The Endocrine System and Breast Cancer

Oestrogen plays a central role in breast tissue, including promoting the proliferation of
epithelium, both of a normal and neoplastic state. In BC, oestrogen receptor signalling increases cell
proliferation whilst suppressing apoptosis, favouring the survival of malignant cells [5] High
systemic oestrogen levels are associated with an increased BC risk [6]. Oestrogen has been suggested
to have a direct effect, with oestrogen being shown to induce genomic changes that contribute directly
to carcinogenesis [7]. These insights into oestrogen-driven tumorigenesis underpin the development
of endocrine therapies targeting oestrogen receptor pathways.

1.3. Current Endocrine Treatment

Tamoxifen works as a selective oestrogen receptor modulator with both anti-oestrogenic and
oestrogenic effects, primarily working on breast tissue [8]. Conversely, Als inhibit the aromatase
enzyme, therefore blocking the conversion of androgens to oestrogens [9]. The therapeutic regimen
prescribed is dependent on menopausal status. For postmenopausal women with ER-positive BC,
Als are the first line treatment, shown to be substantially more effective than Tamoxifen reducing
mortality within 15 years by 30% [10]. Als are ineffective in premenopausal women, as ovarian
oestrogen production predominates [11]. In premenopausal women, Tamoxifen can be prescribed
alone, or combined with GnRH agonists, with the premise to exchange to Al once menopause
initiates. This combination induces reversible ovarian suppression, creating a postmenopausal
hormonal environment [12]. The reversible nature of the GnRH agonists results in preservation of the
ovaries, as opposed to a full oophorectomy, the historic resolution to this.

1.4. Efficacy of AET

Research has found the use of AET’s following primary BC treatment to be effective at reducing
tumour reoccurrence and decreasing the mortality rate. A meta-analysis by the Early Breast Cancer
Trialist’s Collaborative Group found 5 years of Tamoxifen that reduced death rates by 31% [13].
Another study indicated that Tamoxifen halved the recurrence risk during the first 4 years of
treatment, and reduced it by a third during years 5-9, yielding an overall reduction of 39% [14]. The
ATAC Trial compared the effectiveness of Tamoxifen and Anastrozole in 9366 postmenopausal
women with BC over a 5-year period. Results showed higher efficacy in Anastrozole than Tamoxifen,
with fewer side effects experienced [15]. Studies have also investigated the long-term effects of
continuing AET past the 5-year mark. Davies et al. demonstrated that continuing Tamoxifen for 10
years caused a reduction in tumour recurrence and mortality; with approximately 50% decrease in
BC mortality during the second decade post diagnosis [16].

1.5. Compliance and Adherence of AET

Despite the efficacy of AET, adherence following BC treatment remains poor. Adherence refers
to an active choice by a patient to engage with the treatment, whereas compliance describes passively
following of medical instructions [17]. Throughout literature, adherence is typically assessed in 3
ways: initiation of treatment, taking medication as prescribed and persistence across the treatment
duration [18].

AET is commonly prescribed for 5-10 years, therefore adherence often declines over time.
Reports indicate a compliance rate of approximately 80% within the first year dropping to 55% by
the fifth year [19]. On the contrary, a large cohort study of 8700 participants by Hershman et al. [20]
showed that those adherent within the first year of AET were likely to complete the full treatment
course, although full duration compliance only amounted to 51%. This nonadherence of the
medication can potentially lead to a poorer quality of life [21] and to a 49% increase in the risk of
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mortality [20]. These findings highlight the need to better understand and address the barriers to
persistence with AET.

1.6. Reasons for Non-Adherence

AET adherence is multifactorial, extending beyond side effects. Age influences adherence with
extremes of ages (<45 years old and >80) showing trends of non-adherence, potentially due to fertility
concerns, comorbidities or body image [22,23].

Gender may also play a role as research has shown that men taking AET had a higher adherence
compared to women [24].

Another potential factor negatively influencing AET adherence is polypharmacy, especially in
the older generations [25].

A major factor contributing to whether a patient is compliant to their medication is their health
care provider. Factors such as patient-centred communication, inclusion in decision making and clear
guidance can improve adherence, whilst poor relationships contribute to discontinuation [26,27].

Side effects of AET are common, with 94% of patients being affected, and include hot flushes,
arthralgia and menopausal symptoms, which can reduce quality of life and adherence [28-30].

The severity of the side effects experienced can cause a detrimental view of the medication,
resulting in a decrease in the persistence and adherence of the AET. Whilst there is evidence
suggesting a negative correlation between AET adherence and side effects, there is limited, or
inconsistent findings regarding what specific side effects are responsible [31].

Education on potential side effects and ways to manage them have been shown to be pivotal in
compliance [32,33].

Other psychosocial factors, such as prior experiences, rumours or beliefs about medications, also
influence adherence. While positive initial perceptions may motivate initial therapy, the effects of
symptoms or poor quality of life may cause adherence to decline over time [34-38]. Education levels
have shown a trend with higher academic attainment generally being associated with improved
medication adherence, potentially due to increased understanding of treatment importance [39].

Overall, AET adherence is multifactorial, involving patient characteristics, healthcare support,
and psychosocial attitudes.

1.7. AET’s Effect on Bone Health

AET has been found to affect bone mass density (BMD), with effects varying by drug type and
menopausal status. In postmenopausal women, Tamoxifen acts as a partial oestrogen agonist within
the bone [40]. A RCT reported a 32% reduced fracture rate with 5 years of Tamoxifen compared to
placebo [41]. Conversely, in premenopausal women, Tamoxifen competes with endogenous
oestrogen, leading to bone loss [40]. Als are associated with increased bone loss and fracture risk,
with a study finding an 83% lower fracture risk in untreated women compared to those receiving Als
[42]. A further, meta-analyses showed Als confer a 47% increase in fracture risk than Tamoxifen [43].
In premenopausal women, Als combined with ovarian suppression cause the most severe oestrogen
depletion and BMD loss [40].

As a result, it can be inferred that the use of AET, can lead to a higher osteoporosis rate and a
significant reduction in the bone health compared to untreated patients. Clinical guidance
recommends bone health monitoring using Dual-Energy X-ray Absorptiometry (DEXA). Baseline
scans before commencement of AET, followed by regular monitoring, can identify patients at risk of
osteoporosis [43,44]. Bone-related strategies including Bisphosphonates vitamin D and calcium can
mitigate AET-related bone loss [45].
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1.8. Aims of Study

There is a lack of consistency in publication reporting on the levels of adherence of AET for
patients with BC after primary BC treatment, due to varying factors. Therefore, the aim of this study
is to gain an understanding into the rates of adherence to AET, garner a better insight into the reasons
behind this, and assess the effects the medication has on BMD.

2. Methodology

2.1. Questionnaire

2.1.1. Participants

The participants were patients diagnosed with BC, who had received treatment with curative
intent within the high volume breast centre in a district general hospital in the United Kingdom in
2020 and had commenced AET, allowing for adequate duration of treatment. Inclusion criteria
consisted of the year of diagnosis and surgery as well as the prescription of AET. Patients were
excluded if they had more advanced cancer, were deemed too unwell, or those who were seriously
unwell due to other conditions.

2.1.2. Questionnaire Creation

An extensive literature search was conducted using PubMed and Google Scholar with terms

7

such as “medication compliance,” “endocrine therapy adherence,” and “breast cancer medication
compliance.” Three validated questionnaires were identified as relevant: the ASK-12 Survey [46],
General Medication Adherence Scale (GMAS) [47], and the Beliefs about Medicines Questionnaire
(BMQ). The BMQ had previously been adapted for adjuvant endocrine therapy (BMQ-AET) [48] to
assess adherence in women with breast cancer. After evaluating each survey’s strengths and
limitations, the BMQ-AET was selected as most suitable for the study’s aims.

To address gaps in existing questionnaires, particularly regarding degree of adherence, age at
diagnosis, education level, side effect profile, and suggestions for improvement, custom questions
were added. These included Likert-scale items (1=Strongly Agree, 5=Strongly Disagree), yes/no items,
and optional open-ended responses to allow participants to elaborate.

2.1.3. Data Collection

One hundred surveys were distributed in November 2024, accompanied by a cover letter
explaining the study purpose and an estimated completion time of 10 minutes. To maximise
participation, participants could complete the survey either on paper, returned via prepaid envelope,
or digitally via a QR code or web link provided on the cover letter. This mixed-mode approach aimed
to enhance response rates within the study timeframe.

2.2. Semi-Structured Telephone Interviews

2.2.1. Participants

A further pool of participants was selected from the database of patients that been diagnosed
with ER-positive BC in 2020 who were treated with curative and prescribed AET.

2.2.2. Study Design

The semi-structured telephone interviews mainly used questions from the survey, however the
interviewer allowed more open-ended responses from participants. The use of semi-structured
telephone interviews was to maximise response, whilst also gauging the participants feelings behind
their response.
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2.2.3. Data Collection

The semi-structured telephone interviews occurred at the end of October and throughout
November 2024. The interviewer explained the reasoning and purpose of the interviews before any
questions were asked and consent was gained. The semi-structured aspect of the interviews allowed
for more flexible questioning to gain further insight into the participants belief or burden, behind the
treatment.

2.3. DEXA Scan Comparison

2.3.1. Participants

Of those participants who completed the questionnaires or semi-structured interviews, DEXA
scan results were compared. Patients who had not attended any DEXA scan or only attended the
initial DEXA scan were discarded from the comparison, however the BMD on the baseline DEXA
was recorded.

2.3.2. Data Collection

In December 2024, the participant’s most recent DEXA scans were compared against their initial
DEXA scans in order to assess any change in BMD after taking AET.

2.4. Data Analysis

Questionnaire and semi-structured interview responses were manually entered into Microsoft
Excel. Participants were grouped by adherence to AET (adherent vs. non-adherent) based on their
response to Question 1 (see Appendix). Due to unequal group sizes (143=adherent, 13=non-adherent),
results were presented as percentages rather than raw counts, with trends visualized using bar and
pie charts.

Responses from the BMQ-AET were converted into ordinal numerical values (1 = Strongly
Agree, 5 =5trongly Disagree) and separated into Necessity and Concerns subscales, via the DATAtab
Statistics Calculator software [49]. Non-parametric analysis was performed using the Mann-Whitney
U test to compare adherent and non-adherent groups, with mean ranks, medians, and standard
deviations reported. P-values were calculated for each subscale (Concerns= 0.002; Necessity: p=0.001)
and visualized with box-and-whisker plots.

For DEXA scan comparisons, baseline BMD and subsequent changes were recorded. Bar and pie
charts were used to display BMD changes and the proportion of patients in each category

2.5. Ethical Considerations

Participants of both the questionnaire and the semi-structured telephone interview were
informed of the optional nature of taking part, and it was highlighted to them that they could retract
their data and withdraw at any point. Confidentiality was of upmost importance within the study,
therefore the anonymity of the data collected was emphasized to the participants. The study was
approved by the Institutional Governance department and the Patient Experience department and
registered as a quality improvement project.

3. Results

3.1. Response Rates

100 patients were contacted via post using the BMQ-AET questionnaire (Necessity and Concerns
subscales) alongside custom-made questions. The response rate for the postal questionnaires was 55
(55%); of which 49 responded by returning the paper questionnaire by post and 6 responded using
the QR Code. (Figure 1). A further 101 patients were contacted for a semi-structured interview via
the telephone. Therefore, a total population of 156 patients were included within this study.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0772.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2025 d0i:10.20944/preprints202510.0772.v1

6 of 27

® o

m Respondents = Non-Respondents = Returning Paper Questionnaire QR Code

Figure 1. Response Rates of Distributed Postal Questionnaire.

3.2. Demographics

The age of diagnosis of breast cancer within the population was shown to be older, with 28.88%
(n=45) within the 70+ age group. The subsequent most prevalent age group was between 61-70, as a
further 28.21% (n=44) belonged within this category. 23.07% [35] of the patients were between the
ages of 51-60 as opposed to the 41-50 age group which consisted of 15.38% (n=24) of the respondents.
Alternatively lower quantities of the population occurred in younger age groups, as only 5.13% (n=8)
within 31-40 years of age at diagnosis. (Figure 2).

50
45
45
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£ 35
8 35
S 30
£
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& 25
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> 24
£ 20
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©
g 15
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0
70+ 61-70 51-60 41-50 31-40
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Figure 2. Age of Diagnosis of Patients.

Participants were asked a question about the highest level of education they have achieved. The
most abundant education level was O-Levels/GCSE’s, with 46 (29.49%) of patients completing them
as their highest educational level. Patients who answered ‘No Formal Qualifications’ made up 19.23%
(n=30) of the cohort, and those who chose not to specify their education levels made up a further
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21.15%% (n=33). Graduates included 26 participants (16.67%). The next group consisted of patients
who had completed A-Levels as their highest level of education, consisting of 10 individuals (6.41%).
The remaining individuals, 11 (7.05%), answered the “Other” section which included certifications
such as diplomas and apprenticeships.

The breakdown of the Education level relating to adherence within this trial is seen in Figure 3
but will be examined in greater detail later in this section.

O-Levels/GCSE

A-Levels

GRADUATE

POST GRADUATE

PREFER NOT TO SAY

NO FORMAL QUALIFICATIONS
DIPLOMA

APPRENTICESHIFP

B COTHER

NUMBER
HE

ADHERENT NOMN ADHERENT

PATIENT GROUP

Figure 3. The Highest Level of Education Achieved by Participants of the Study.

3.3. Adherent Group

Of the total 156 participants, 143 (91.67%) were found to be adherent to AET after BC. (Figure
4).
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m Adherent = Non-Adherent

Figure 4. Proportion of Patients within this trial who were Adherent and Non-Adherent to their AET.

Within the Adherent Group, the age of diagnosis of participants can be seen. The most populous
age within the adherent group was 61-70 with 43 (30.07%) patients. Similarly, 41 (28.67%) of
participants were aged 70 and above. Patients who were diagnosed with BC between the ages of 51-
60 made up 21.68% [31] of the population. 23 (16.08%) of those adherents with AET were diagnosed
between the ages of 41-50. Finally, the age group with the least number of participants within the
adherent group was 31-40, having 5 participants (3.5%). This is shown in Figure 5.

61-70 51-60 41-50 31-40
Age Group (Years)

50

45

40

35

30

25

20

15

Frequency of Participants

10

(%]

Figure 5. The age of diagnosis for BC of individuals within the Adherent group.

Next to be tested was Education status within the Adherent Group. O-Levels/GCSE had the
highest percentage, 30.1%, within the adherent group (n=43). The second most popular group within
the adherent group included those with no formal qualifications, amounting to 29 patients (20.3%).
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Similarly to the previous, 28 individuals (19.6%) chose the “Prefer Not to Say” option. 15.4% of the
adherent group were Graduates, with 22 patients. A further 9 patients (6.29%) completed A-Levels
as the highest form of formal qualifications and 7 more (4.9%) achieved Postgraduate status. The
“Diploma” and “Apprenticeships” educational groups consisted of 2 individuals, both accounting
for 1.4% of the adherent group each. The final 1 individual stated CSE’s was their highest form of
qualification, representing 0.699% of the adherent group. (Figure 6).

O-Levels/GCSE

NO FORMAL QUALIFICATION
PREFER NOT TO SAY
GRADUATE

A-Levels

POST GRADUATE

DIPLOMA

APPRENTICESHIP

other: CSE's

Figure 6. The Highest Level of Education Achieved within the Adherent Group.

3.4. Non-Adherent Group

Non-adherence to AET within the 156 participants, was shown with 13 (8.33%) of the
participants of the study. This was highlighted previously, in Figure 4.

The age of BC diagnosis within the non-adherent group differs to the adherent group, as the
ages of 51-60 accounted for the most populous group, making 30.77% (n=4) within those non-
compliant with AET. 3 individuals were aged 70 or over at diagnosis made up 23.08% of the non-
adherent group. These numbers are identical for the age range of 31-40 years. Of the 13 patients in
this group, 15.38% (n=2) fell within the 61-70 age category, and the final 1 individual (7.69%) was
between the ages of 41-50 at diagnosis. (Figure 7).
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Figure 7. The age of diagnosis for BC of individuals within the non-adherent group.

Education status within the non-adherent group was also measured. The main proportion of
responses of the group was “Prefer Not to Say”, which consisted of 5 participants (38.5%). Of the
individuals who specified their education status, 30.8% (n=4) held graduate level qualifications. 3
patients stated that they held O-Levels/GCSE’s as their highest form of formal qualification,
accumulating to 23.1% of the non-adherent group. Finally, 1 individual (7.69%) held postgraduate
level of education. (Figure 8).

PREFER NOT TO SAY
GRADUATE
O-Levels/GCSE

POST GRADUATE

Figure 8. The Highest Level of Education Achieved within the Non-adherent Group.

Patients who stated that they were non-compliant with their AET were asked about the duration
of treatment (in months) before stopping. 38.46% of those asked [5] stated they were on AET for less
than 3 months. 3 patients (23.08%) had a duration of treatment lasting 36-48 months. A further 2
patients (15.38%) reported that it took 24-36 months of being on AET before discontinuation. The
duration of 12-24 months is what it took for 2 patients (15.38%) to discontinue AET. 1 individual
(7.69%) was on AET for 3-6 months, and 1 individual (7.69%) took 6-12 months before stoppage. 0
patients reported stopping after 6-12 months (Figure 9).
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Figure 9. The Duration in Months of AET Treatment before stoppage within Non-adherent Group.

The reasoning behind the termination of AET adherence was asked. Of the 13 within the non-
adherent group, 30.77% (4 individuals) stated that it was due to side effects consisting of both Joint
Pain and Poor Quality of Life. Furthermore, an additional 3 (23.08%) said their AET discontinuation
was due to Poor Quality of Life alone. 2 patients (15.38%) admitted that isolated joint pain was the
reasoning behind stoppage of AET. 1 patient (7.69%) stopped medication due to wanting to start a
family. Menopausal symptoms were the reasoning behind another [1] patient’s cessation of AET,
accounting for 7.69%. A combination of brain fog and insomnia led to an additional individual
(7.69%) to stop AET. The final participant within the 13 of the non-adherent group stated that joint
pain alongside hot flushes led to non-adherence of the treatment. Overall, 7 out of the 13 participants
(53.85%) within the non-adherent group had to stop the medication due to join pain.

The 156 participants of the study were asked what improvements could have been made to
support them whilst taking the medication. This question’s qualitative nature allowed for patients to
expand their answers. 70 of the participants (44.87%) answered that the question was not applicable.
Of the responses, 26 (16.67%) included that better guidance on how to deal with side effects would
have helped. Similarly, 25 (16.03%) responses included emotional support as a reason that would
have been of benefit to them whilst taking the medication. 23 (14.74%) answers included the need for
more information on the medication was a way to support individuals on AET. Help with managing
multiple medications was present in 7 (4.49%) of the answers for participants asked this question. 12
(7.69%) answers contained “Other” in which participants shared experiences regarding
communication and attitudes of their healthcare professionals.

3.5. BMQ-AET Score Comparison

The necessity subscale of the BMQ-AET was utilised to assess the patient’s beliefs about how
necessary AET is. The comparison of the non-adherent group (n=13) against the adherent group
(n=143) was conducted. Table 1 shows the results.

Table 1. The results found from the comparison of BMQ-AET Necessity score between the adherent and non-
adherent groups within the study.
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Standard
n Mean Median  deviation
BMQ-AET SPECIFIC NECESSITY 13 17.54 18 3.15
SCORE NON-ADHERENT
BMQ-AET SPECIFIC NECESSITY 143 10.86 10 3.13

SCORE ADHERENT

Following this, a Mann-Whitney U-Test was performed. The test revealed a statistically
significant difference between the BMQ-AET specific necessity score for the adherent group and the
BMQ-AET necessity score for the non-adherent group (U=122, z=-5.2) The asymptomatic p value was
<0.001 with the exact p value equally <0.001. The median values were increased in the non-adherent
group as opposed to the adherent group, indicating a medium effect size (r=0.42). Therefore, at a 5%
significance level, the null hypothesis is rejected.

The results from the BMQ-AET Necessity Score Comparison can be shown in Figure 10.
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Figure 10. The Comparison between BMQ-AET Necessity Score between the Non— Adherent and Adherent
Group.

Alternatively, the concerns subscale of the BMQ-AET was used to assess the patient’s concerns
over AET. Another comparison against the non-adherent group (n=13) and the adherent group
(n=143) was made. Table 2 shows the results.

Table 2. The Results found from the Comparison of BMQ-AET Concerns Score between the adherent and non-
adherent groups within the study.
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Standard

n Mean Median deviation

BMQ-AET SPECIFIC CONCERNS 13 13 13 2.68
SCORE NON-ADHERENT

BMQ-AET SPECIFIC CONCERNS 143 1654 17 4.24
SCORE ADHERENT

The results and distribution of results of the comparison between the BMQ-AET Concerns score
between the non-adherent and adherent groups can be seen in Figure 11.
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Figure 11. The Comparison between BMQ-AET Concerns Score between the Non— Adherent and Adherent
Group.

A sum of ranks and a mean rank was calculated for both the non-adherent and the adherent
group of participants using the BMQ-AET specific concerns score. From the non-adherent group
(n=13) the sum of ranks equalled 543.5, therefore a mean rank of 41.81 was deduced. The adherent
group (n=143) had a sum of ranks amounting to 11702.5, resulting in the mean rank of 81.84.

A final Mann-Whitney U-Test was carried out to analyse whether there is a difference between
the BMQ-AET Concerns Score of both groups. The results from the Mann-Whitney U-Test are shown
in Table 3.

Table 3. The Results found from the Mann-Whitney U-Test comparing BMQ-AET Specific Concerns Score for
the Adherent Group against the BMQ-AET Specific Concerns Score for the Non-Adherent Group.
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U z asymptotic p exact p r

452.5 -3.07 0.002 0.002 0.25

These results suggest that there is a small affect size between both groups. The median values
were increased in the adherent group as opposed to the non-adherent group. The difference is
statistically significant at a 5% significance level. Thus, the null hypothesis is rejected.

3.6. DEXA Scan Comparison

In 156 participants DEXA scans were compared. For the initial baseline DEXA, 6 participants
(3.85%) were invalid and withdrawn. This left a pool of 150 (96.15%) suitable patients to compare. Of
these, 54 (34.62%) individual’s baseline DEXA showed evidence of osteopenia. A further 43 (27.56%)
participants were deemed not applicable for a baseline DEXA scan. Patients who had normal BMD
within the baseline DEXA scan amounted to 38 (24.36%). 13 participants (8.33%) were deemed
osteoporotic and the final 2 participants (3.85%) had a high BMD within their baseline DEXA scan.

This is shown in Figure 12.
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Figure 12. The Number of Participants with various BMD on the baseline DEXA scan.

The baseline DEXA scans were then compared to the participant’s most recent scan. 82
participants (53.25%) were deemed invalid for BMD comparison on follow up DEXA scan, leaving a
population of 72 (46.75%) to compare from. Of these 72, an increase in BMD was seen in 39 patients
(25.32%). There was no change observed in BMD on the follow up DEXA scan for 19 individuals
(12.34%). Finally, 14 participants (9.09%) were shown to have a decrease in BMD on comparison with
their follow up DEXA scan. (Figure 13).
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Figure 13. The Comparison of BMD on follow up DEXA against baseline DEXA scan.
4. Discussion

4.1. Main Findings

This study found high adherence to AET, with 91.67% of patients taking it as prescribed,
contrasting with previous literature that report lower adherence of AET in BC [50,51]. Contributing
factors to this may include demographics, social desirability bias, and the cohort’s educational level,
with 52.6% (n=82) obtaining O-Levels or higher. Access to a Cancer Nurse Specialist Helpline and
routine holistic needs assessments 12 months post-diagnosis likely supported adherence by
providing information and guidance on treatment. Notably, high adherence persisted in patients
during their fourth and fifth year of AET, exceeding expectations from previous studies that report
declining adherence over longer periods [14].

Participants were typically older at BC diagnosis, consistent with age as a primary risk factor
[52]. However, non-adherent patients were generally younger, most commonly 51-60 years,
compared to 61-70 in the adherent group. This aligns with studies showing younger patients are less
likely to adhere to AET [53,54], though contrasts with Unni et al. [55], who found adherence was
influenced more by individual beliefs than age, despite using a similar measurement tool.

Education levels varied within the cohort, typical of a general population [56], demonstrating
no correlation between educational levels and rates of breast cancer, as previously suggested [57].In
the adherent group, most participants had O-levels/GCSEs, while graduates were more common in
the non-adherent group, contrasting prior studies that link higher education with improved AET
adherence [54,58]. However, the non-adherent group was significantly smaller, limiting the reliability
of this comparison.

In the non-compliant group, most participants had been on AET for less than 3 months, with no
clear trend in duration before stopping. Side effects were the primary reason for discontinuation,
consistent with prior research showing that around 70% of AET patients experience side effects [59].
Joint pain was most common (53.85%), followed by menopausal symptoms, hot flushes, brain fog
and insomnia, all of which negatively impacted quality of life and adherence [60,61]. One participant
discontinued due to fertility concerns, highlighting the need for guidance for premenopausal
patients. Studies indicate short-term treatment cessation to conceive do not increase recurrence risk
[62,63].
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Most participants (44.9%) reported no additional support was needed whilst taking AET.
Guidance on managing side effects (16.7%), emotional support, and clear medication information
were identified as key facilitators of adherence [64-66]. Support from healthcare professionals also
enhanced adherence, particularly for older adults managing multiple medications, a finding
supported by existing research [67,68]

BMQ-AET analysis showed non-adherent participants had lower perceived necessity of AET
(mean=17.54 vs 10.86) and higher concerns about side effects (mean=13 vs 16.54), consistent with
literature linking beliefs and adherence [69-76]. While adherent group demonstrated more variability
in responses, the overall trend indicates that addressing patient concerns early in treatment, through
education may support adherence.

Interestingly, majority of participants with follow-up DEXA scans showed an increase in BMD
despite being on AET, with only 19.4% showing a decrease, which is generally associated with bone
loss [77-80]. At baseline, 34.6% had osteopenia and 8.3% osteoporosis, yet subsequent monitoring
revealed improvements in most cases. The positive trend is likely due to the combined use of AET
with anti-bone resorptive therapies, including calcium, vitamin D and bisphosphonates, as well as
lifestyle advice such as exercise. These findings challenge conventional expectation of BMD decline
in AET patients, highlighting the potential for proactive management to not only prevent but
improve bone health, reducing long-term fracture risk. This underscores the value of regular
monitoring and early intervention in BC care.

4.2. Strengths

A major strength of this study was its methodological rigor, using a mixed-methods approach
combining semi-structured telephone interviews with questionnaires. This approach allowed a
comprehensive representation of adherence to AET, capturing both quantitative and qualitative
insights [81-84]. Participants could respond via QR code or prepaid envelope, maximizing response
rates, which reached 55%, higher than the average 44.1% for similar surveys [85,86].

The study utilized the validated BMQ-AET questionnaire, a reliable tool for assessing
medication beliefs and adherence, enhancing the validity and reliability of findings [87]. Open-ended
questions in the interviews and survey provided additional qualitative insight beyond closed-ended
responses, offering a fuller understanding of adherence behaviours [88,89].

Inclusion criteria limited participants to those treated within the last five years, reducing recall
bias while allowing adequate time on AET to assess adherence [90]. Although cross-sectional, the
study’s medium-term follow-up of four years enabled a more accurate evaluation of adherence
patterns and the impact of AET on bone health [91].

Finally, the participant cohort was diverse in age, education, ethnicity, gender, and
socioeconomic background, supporting the generalizability of the findings [92]

4.3. Limitations

Despite the strengths, several limitations should be acknowledged. Although the study achieved
a promising response rate (156 participants), a larger sample would improve generalizability and
statistical power, enabling finer detection of differences between subgroups [93]. Non-response bias
may also have influenced results, as certain groups, such as those with lower income, lower
education, or children, may be less likely to respond [94].

The study population was limited to single centre in the United Kingdom, which may not
represent the broader population on AET after breast cancer treatment. Geographic and demographic
differences, such as education and socioeconomic status, could limit generalizability and introduce
selection bias [95,96].

Use of self-reported data via questionnaires and semi-structured interviews introduces potential
biases. Social desirability bias may have led participants to overestimate adherence, particularly
during interviews [97], and the Hawthorne effect could have altered responses [16]. Acquiescent
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responding may also have influenced answers, though its exact impact could not be assessed [98].
Interviewer confirmation bias was mitigated through standardized questions [99].

Postal questionnaires risked misinterpretation of questions, especially custom items, despite
using validated measures for most content [100]. Likert-scale questions may introduce extremity bias,
though the 5-point odd-numbered scale was used to reduce this risk [101].

Confounding factors remain a concern. Participants’ multiple medications and conditions may
have influenced their experiences with AET and recall bias or subjective perception of side effect
severity may have affected reporting [102].

4.4. Recommendations for Future Research

This study highlights trends in adherence and non-adherence to AET post-primary BC
treatment, revealing avenues for further exploration. Future research should include multiple centres
with larger cohort of patients to enhance the generalizability of findings. Larger sample sizes would
allow deeper analysis of non-adherence reasons within subgroups [103].

Longitudinal studies could clarify how adherence evolves over time and the factors influencing
persistence, as demonstrated by Thomson et al. [104]. Additionally, incorporating face-to-face
interviews, particularly for older patients, may provide richer qualitative insights, promoting a more
supportive environment [105]. A mixed approach combining in-person and telephone interviews
could optimize response rates while balancing feasibility.

5. Conclusion

The aim of this study was to investigate adherence and non-compliance rates for patients with
BC who are undergoing AET, as well as the effects that the medication has on BMD. The findings
demonstrated evidence investigating the levels of adherence, as well as the differing factors and
mindsets as to why an individual would be non-adherent with their treatment. Overall, significantly
high adherence rates were seen within the cohort of the study. However, it highlighted the
significance and extent to which side effects result in the discontinuation of treatment. Demographics
were discussed in an attempt to identify any trends within the adherent and non-adherent
population. Patients who were non-compliant to their AET did show significantly low BMQ-AET
necessity and high BMQ-AET concerns subscale scores. This highlights that patient’s non-adherent
to AET have a lowered perception of necessity and greater concern regarding the medication.
Furthermore, this confirms the importance of healthcare professionals addressing the patients’ beliefs
about AET, in the hope of potentially improving adherence rates.

Comparison between AET adherent patient’s baseline and follow up DEXA scan, revealed
interesting rates of increased BMD, which challenges previously held beliefs, potentially warranting
the need for future research.

In conclusion, this study provides a valuable insight into the trends and behaviours of patients
requiring AET, impacting medication adherence, alongside the effect on bone health.
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6. Appendix: The AET Adherence Questionnaire

Please indicate the extent to which you agree or disagree with these questions by placing a tick in the
appropriate box. There are no right or wrong answers.

1) Do you take your hormone tablet as prescribed?
Yes No
2) If you have stopped taking the tablet, how long did you take the medication for?

Less than 3-6 6-12 12-24 24-36 36-48 48-60
3 months months months months months months months

3) Ifyou have stopped taking the medication, what are the reasons for stopping
medication? If you haven’t stopped, what potential reasons might lead you to consider

stopping? Please select all that apply.

Joint Menopausal Poor Quality Didn’t understand why Excessive I wouldn’t
Pain symptoms of life this tablet is needed bleeding stop

If other, please specify

4) What improvements could have been made better to support you in taking this
hormone medication?

Guidance on how to More information Emotional Help with managing
deal with side effects on the medication Support multiple medications

If other, please specify

5) Do you know the reason why you need to be on hormone tablets as part of your cancer
treatment?

Yes No
6) My health at present depends on me taking hormone treatment
Strongly Agree Agree Uncertain Disagree Strongly Disagree
7) Having to take hormone treatment worries me
Strongly Agree Agree Uncertain Disagree Strongly Disagree
8) Taking hormone treatment makes me feel | am taking positive steps to remain well

Strongly Agree Agree Uncertain Disagree Strongly Disagree
Please Turn Over
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9) Without taking hormone treatment, | would be more likely to develop breast cancer
again
Strongly Agree Agree Uncertain Disagree Strongly Disagree
10) | sometimes worry about long-term effects of taking hormone treatment
Strongly Agree Agree Uncertain Disagree Strongly Disagree
11) Hormone treatment is a mystery to me
Strongly Agree Agree Uncertain Disagree Strongly Disagree
12) My health in the future will depend on me taking hormone treatment
Strongly Agree Agree Uncertain Disagree Strongly Disagree
13) Taking hormone treatment disrupts my life
Strongly Agree Agree Uncertain Disagree Strongly Disagree
14)1 sometimes worry about having hormone treatment over a long period of time
Strongly Agree Agree Uncertain Disagree Strongly Disagree
15) Hormone treatment protects me from becomingill
Strongly Agree Agree Uncertain Disagree Strongly Disagree
16) How old were you when breast cancer was diagnosed?
Less than 30 31-40 41-50 51-60 61-70 70+
17) What is the highest level of education you have completed? (Optional)
No formal qualification O-Levels/GCSE A-Levels Graduate Postgraduate Prefer not to say
If other, please specify:
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BMQ-AET NECESSITY SCORE

N MEAN P-VALUE
NON-ADHERENT 13 17.54 <0.001
ADHERENT 143 10.86

BMQ-AET CONCERNS SCORE

N MEAN P-VALUE
NON-ADHERENT 13 13 0.002
ADHERENT 143 16.54
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