
O R I G I N A L  R E S E A R C H

A Survey of Potentially Modifiable Patient-Level 
Factors Associated with Self-Report and 
Objectively Measured Adherence to Adjuvant 
Endocrine Therapies After Breast Cancer

Kirsti I Toivonen1 

Linda E Carlson2,3 

Joshua A Rash4 

Tavis S Campbell1

1Department of Psychology, University of 
Calgary, Calgary, AB, Canada; 2Department 
of Oncology, University of Calgary, Calgary, 
AB, Canada; 3Department of Psychosocial 
Resources, Tom Baker Cancer Centre, 
Calgary, AB, Canada; 4Department of 
Psychology, Memorial University of 
Newfoundland, St. John’s, NL, Canada 

Purpose: Despite the efficacy of adjuvant endocrine therapy (AET) in reducing breast 
cancer recurrence and mortality, suboptimal AET adherence is common and hence an 
important clinical issue among breast cancer survivors. Delineating potentially modifiable 
patient-level factors associated with AET adherence may support the development of suc-
cessful adherence-enhancing interventions.
Patients and Methods: The present study included 133 breast cancer survivors prescribed 
AET recruited from a cancer pharmacy. Women completed a baseline questionnaire examin-
ing psychosocial factors and self-reported adherence and consented to their prescription 
records being monitored for the proceeding 12 months to ascertain proportion of days 
covered (PDC), an objective measure of adherence. Regression analyses were used to 
identify the factors most strongly associated with both self-reported and objective adherence. 
Exploratory moderation analyses examined whether factors were differentially associated 
with adherence based on AET type (aromatase inhibitors or tamoxifen).
Results: Adherence was high in this sample (PDC over 12 months was 95%). Side effect 
severity was most strongly associated with self-reported adherence, followed by self-efficacy, 
and medication/healthcare system-related barriers. Medication/healthcare system-related bar-
riers was the only factor that uniquely predicted objective adherence. Within medication/ 
healthcare system-related barriers, fear of side effects was most strongly associated with both 
measures of adherence. There were no significant interactions between AET type and 
potentially modifiable factors in predicting self-reported or objective adherence.
Conclusion: Side effects, reactions to side effects, and self-efficacy may represent modifiable 
targets through which AET adherence can be improved. Associations between potentially 
modifiable factors and adherence did not vary by AET type, despite distinct side-effect profiles.
Keywords: adjuvant endocrine therapy, breast cancer, adherence, patient reported outcomes, 
side effects, symptom management

Introduction
Breast cancer accounts for the largest number of cancer-related deaths among 
women globally.1 Increasing incidence of breast cancer coupled with decreasing 
mortality rates has steadily increased the number of breast cancer survivors.2 

Approximately two-thirds of breast cancers are hormone receptor-positive,3 for 
which recommended treatment includes adjuvant endocrine therapy (AET), includ-
ing aromatase inhibitors (AIs) or tamoxifen for up to 10 years.4 Despite AET 
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efficacy for reducing cancer recurrence and mortality,5,6 

suboptimal adherence is an important clinical issue. Cross- 
sectional, retrospective, and longitudinal studies estimate 
adherence to average 79% in the first year, decreasing to 
56% in the fourth and fifth year; discontinuation rates 
similarly increase each year.7 This is concerning as non- 
adherence and discontinuation of AET are associated with 
a 49% and 26% increase in mortality, respectively, after 
five years.8

Interventions targeting AET adherence have largely been 
unsuccessful. Two systematic reviews identifying seven inter-
ventions (all included patient education, three included remin-
ders, and one included problem-solving) concluded that none 
have impacted AET adherence.9,10 Notable limitations of 
interventions included high baseline adherence, short follow- 
up periods (eg, one year) relative to recommended length of 
AET use, and inadequate statistical power to detect 
differences.9,10 It is difficult to discern whether null results 
are due to ineffective intervention components, limitations in 
study design, or both. The Obesity-Related Behavioral 
Intervention Trials (ORBIT) model provides a useful frame-
work for intervention development which could be applied to 
AET adherence, including targeting clinically meaningful pro-
cesses based on thoroughly understanding the problem.11 This 
utilizes a phasic and iterative approach, which can maximize 
efficacy of interventions and avoid wasted resources that can 
occur when prematurely testing interventions in randomized 
controlled trials (RCTs).11 Within this framework, identifying 
potentially modifiable factors associated with AET adherence 
could inform intervention development.

Multiple systematic and narrative literature reviews have 
identified several potentially modifiable factors associated 
with AET adherence in breast cancer survivors.7,12–14 

Reviewed studies typically measure AET use via self-report 
or prescription records and define “adherent” as medication 
possession ratio (MPR) ≥80%. Reviews that solely include 
significant associations (vs including null findings) have iden-
tified medication side effects, necessity beliefs, self-efficacy, 
social support, relationship with healthcare providers (HCPs), 
forgetfulness, and knowledge of cancer as associated with 
AET adherence.12,13 Reviews which also include null findings 
similarly endorse social support, positive decisional balance, 
beliefs about medications, and self-efficacy as associated with 
adherence; but indicate that patient–physician relationship, 
communication, depressive symptoms, or side effects are not 
consistently associated with adherence.7,14,15 Qualitative stu-
dies highlight additional factors associated with non- 
adherence, such as the negative impact of side effects, 

prioritizing quality of life over quantity, and concerns about 
long-term AET use.13,16,17 See AlOmeir et al for an excellent 
review of qualitative studies about AET adherence.18 As sev-
eral factors may be relevant, identifying which variables are 
most consistently and strongly associated with adherence will 
help guide selection of promising targets for adherence- 
improving interventions.

Another important area of inquiry is determining 
whether factors associated with adherence differ between 
AI and tamoxifen users.13,14 The experience of taking 
tamoxifen and AIs may differ due to different mechan-
isms of action19 or side effect profiles.20 Tamoxifen, 
a selective estrogen receptor modulator, blocks estrogen’s 
effects in breast tissue but mimics its effects in other 
tissues such as uterine,21 which can result in side effects 
like endometrial hyperplasia.20 Whereas AIs block aro-
matase (the enzyme involved in the biosynthesis of estro-
gens from androgens) activity to reduce circulating 
estrogen levels in the body;19 common side effects include 
bone loss and arthralgia.20 Furthermore, different experi-
ences with AIs or tamoxifen may relate to age and life 
stage as AIs are typically recommended after menopause 
or ovarian suppression and tamoxifen is recommended 
before menopause.4

The present study contributes to the literature by adopt-
ing an actuarial approach to identify the potentially mod-
ifiable factors most strongly associated with adherence 
using a prospective longitudinal design and both subjec-
tive and objective measures of adherence. Exploratory 
analyses also examined whether associations between 
potentially modifiable factors and adherence were moder-
ated by AET type.

Methods
Participants
Eligibility criteria included women who were: diagnosed 
with breast cancer, completed primary treatment, prescribed 
AET, ≥18 years of age, and confident to communicate in 
English. Exclusion criteria were hearing or cognitive 
impairments that might interfere with participation.

Procedures
Women were recruited from two cancer pharmacies within 
the Tom Baker Cancer Centre (TBCC), Calgary AB 
between November 2018 and August 2019. Pharmacists 
provided all women filling AET prescriptions study con-
sent-to-contact forms, which were left on-site and 
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routinely collected. Invitation letters were also sent to all 
women who received AET by mail. First contact with the 
researcher included eligibility screening, discussion of 
study information, and opportunity for questions to ensure 
informed consent. Consenting participants were provided 
a consent form and questionnaire package returnable by 
mail with a postage paid envelope or completed online via 
Qualtrics software (Qualtrics, Provo, UT). Of 227 indivi-
duals who indicated interest, 160 were screened (67 could 
not be reached again), and four were ineligible (three used 
AET as primary treatment, one was male). Of 156 who 
received the consent form/questionnaire, two explicitly 
declined (citing lack of time) and 21 did not respond for 
a final sample of 133. Most (87%) completed the ques-
tionnaire online. The questionnaire was completed at one 
time point (baseline) and pharmacy records were followed 
for one year. This study was approved by the Health 
Research Ethics Board of Alberta, required for all cancer- 
related studies in Alberta (HREBA.CC-17-0513) and 
aligns with Declaration of Helsinki standards. All partici-
pants provided informed consent.

Measures
Sample Characteristics
Demographic, cancer-related, and healthcare-related infor-
mation was collected via self-report. Questions about AET 
included current type, history of use (eg, only tamoxifen, 
only AI, tamoxifen-AI switch), whether breaks occurred, 
and whether participants receive AET in-person or by 
mail.

Adherence
Both self-report and objective measures of adherence were 
included given strengths and limitations associated with 
each. Self-report is one of the most common and practical 
methods for measuring adherence.22 Self-report may also 
provide nuanced information about AET use (eg, by ask-
ing about patterns of use, forgetfulness, or purposeful non- 
use), but is subject to recall bias and has been shown to 
overestimate adherence relative to objective measures, 
such as pharmacy claims data. Prior studies have sug-
gested higher rates of self-reported adherence than adher-
ence based on prescription refill records within the same 
sample of AET users.23,24 At baseline, the 10-item 
Medication Adherence Rating Scale (MARS) assessed 
self-report adherence over the past week.25 The MARS, 
developed for psychiatric patients, had good internal con-
sistency, test-retest reliability, and convergent validity with 

biologically measured adherence.25 It has also been used 
among cancer patients using oral anticancer agents in 
a feasibility study examining a text-messaging 
intervention.26 In the present sample, one theoretically 
irrelevant item (about clarity of thoughts) was removed 
due to poor item-total correlation, but internal consistency 
remained poor (Cronbach α=0.43). After item removal, 
scores ranged from 0 to 9.

Proportion of days covered (PDC) was an objective 
adherence measure. PDC, based on TBCC pharmacy 
records, was measured prospectively over one year starting 
from the most recent prescription fill before enrolment. 
PDC was calculated as number of days medication was 
available divided by days one was eligible to take the 
medication.27 PDC may overestimate adherence less 
often than other measures like medication possession 
ratio (which can exceed 100%)27 or self report. When 
prescriptions were refilled before the previous supply 
was exhausted, we assumed all medication from the pre-
vious prescription would be used before the next prescrip-
tion started (ie, an individual prescribed 30-days of 
medication who refilled a second 30-day prescription 
on day 27 was presumed to have 60-days of medication 
coverage).27

Self-Efficacy for Medication Use
The 13-item Self-Efficacy for Appropriate Medication Use 
Scale (SEAMS) measures confidence in one’s ability to take 
medications in various scenarios (eg, change in routine).28 

Developed for low-literacy patients with chronic disease, 
the SEAMS had good internal consistency, test-retest relia-
bility, and convergent validity with self-report adherence.27 

It also showed good internal consistency and replicated the 
original factor structure when modified for breast cancer 
survivors taking AET.29 Internal consistency in the present 
sample was excellent (Cronbach α=0.90).

Motivation for Medication Adherence
The 19-item Treatment Self-Regulation Questionnaire 
(TSRQ) measures motivations to take medications30 includ-
ing autonomous (eg, believing medications are right for 
oneself) and controlled motivation (eg, to avoid disappoint-
ing HCPs). The TSRQ has distinguished motivation types 
across multiple samples and health behaviours.31 Items were 
modified to refer to AET for this study and internal consis-
tency was excellent for controlled motivation (Cronbach 
α=0.91) and poor for autonomous motivation (Cronbach 
α=0.65). The Relative Autonomy Index (RAI; calculated 
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as autonomous motivation minus controlled motivation) was 
examined, where higher scores indicate greater autonomous 
relative to controlled motivation.

Barriers to Adherence
The 14-item Adherence Barriers Questionnaire (ABQ) 
measures unintentional (eg, depressive symptoms), inten-
tional (eg, disagreeing with care plan), and medication or 
healthcare system-related (eg, side effects) barriers.32 The 
ABQ was originally validated in patients with atrial fibril-
lation and had good internal consistency, a three-factor 
structure, and convergent validity with biological mea-
sures of adherence.32 In this study, internal consistency 
was poor to moderate for unintentional (Cronbach 
α=0.64), intentional (Cronbach α=0.48), and medication/ 
healthcare system-related barriers (Cronbach α=0.54).

Depressive Symptoms
The 10-item Centre for Epidemiological Studies- 
Depression Scale (CES-D) measures depressive symptoms 
over the past week.33 It demonstrates similar performance 
to the original 20-item version,33 which had good internal 
consistency, test-retest reliability, and convergent validity 
in breast cancer patients.34 Internal consistency was good 
in the present study (Cronbach α=0.84).

Healthcare Provider Communication
The 15-item Health Care Climate Questionnaire (HCCQ) 
assesses autonomy support, or the degree to which HCPs 
encourage patient autonomy in decision-making.35 

Originally tested in people enrolled in a weight-loss program, 
the HCCQ demonstrated excellent internal consistency, uni-
form factor structure, and predicted program attendance;35 

and has been validated for medication adherence.36 A short 
form HCCQ demonstrated excellent internal consistency and 
a uniform factor structure in breast cancer patients.37 Internal 
consistency was excellent in the present sample (Cronbach 
α=0.96). Additionally, the extent to which participants agreed 
HCPs discussed possible AET side effects with them was 
assessed with a single item on a scale of 1 (strongly disagree) 
to 5 (strongly agree).

Side Effects
Symptoms participants experienced and attributed to AET 
were rated on a severity scale of 1 (mild) to 4 (severe). 
Participants were asked to report every symptom they 
thought relevant rather than being provided 
a predetermined list. Composite measures were created 

for side effect presence (ie, ≥1) and total severity (ie, the 
number of side effects multiplied by average severity).

Data Analysis
If measures were missing one item, it would be pro-rated 
and total scores calculated; total scores not calculated with 
≥2 items missing. Of the predictor variables, 4.36% of data 
was missing and Little’s MCAR test demonstrated it was 
missing completely at random (X2(57)=49.50, p=0.75). 
Demographic differences by AET type were examined 
using independent samples t-tests or chi-square tests. 
Hierarchical regression models examined potentially mod-
ifiable factors associated with the most unique variance in 
both measures of adherence. Menopausal status, months 
using AET, and AET type were entered simultaneously in 
STEP 1 as covariates chosen a-priori, as recommended 
AET differs based on menopausal status and often 
includes sequential prescription of tamoxifen before AIs.4 

All potentially modifiable factors were entered in STEP 2 
using a STEPWISE approach. Exploratory moderation 
analyses examined whether associations between poten-
tially modifiable factors and adherence differed by AET 
type (adjusting for menopausal status and months using 
AET) with the PROCESS macro38 in IBM SPSS Statistics 
v25 (IBM Corp., Armonk, NY). Continuous variables 
were mean-centred. PROCESS probed significant 
interactions.38

Results
On average, women were age 62, married (63.6%), White 
(94%), retired (45.7%), post-menopausal (64.3%), diag-
nosed with early-stage breast cancer (76% stage I/II), and 
initiated AET over two years prior (Table 1). Adherence was 
high: average MARS score was 7.91 and PDC averaged 
95.4%. PDC was not calculated for seven who planned to 
complete AET within 12 months of enrolment. Tamoxifen 
users had more time since diagnosis, primary treatment, and 
AET initiation. AI users trended toward being older and 
were more often post-menopausal. Overall, self-efficacy 
(M=36.03, maximum possible score=39) and HCP auton-
omy support (M=6.16, maximum possible score=7) were 
high (Table 2). Intentional, unintentional, and medication/ 
healthcare system-related barriers (M=6.41–8.41, maximum 
possible score=16–20) were low. Most women “agreed” 
their HCPs discussed side effects (M=4.27) and reported at 
least one side effect (69.2%), most commonly arthralgia 
(39.1%). Self-efficacy was higher among AI users.
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Table 1 Sample Characteristics (N=133)

Characteristic M (SD) p

Total (N=133) Tam Users (n=40) AI Users (n=93)

Age in years 62.06 (9.78) 59.53 (10.06) 63.15 (9.51) 0.05

Education in years 14.41 (2.28) 14.69 (2.56) 14.29 (2.16) 0.36
Months since cancer diagnosis 37.48 (25.27) 46.21 (30.63) 33.84 (21.84) 0.01*

Months since completed primary treatment 31.67 (24.22) 39.73 (30.39) 28.16 (20.19) 0.01*

Months since prescribed AET 30.09 (24.89) 39.92 (29.99) 26.87 (18.98) <0.01*
N additional medications 2.29 (2.45) 1.98 (2.12) 2.42 (2.58) 0.34

N comorbid medical conditions 2.46 (1.96) 2.43 (1.80) 2.48 (2.04) 0.89

Subjective SES (scale 0–10) 6.67 (1.38) 6.87 (1.38) 6.59 (1.38) 0.32

Characteristic % (N)

Total (N=133) Tam users (n=40) AI users (n=93) p

Ethnicity

White 94% (125) 92.5% (37) 94.6% (88) 0.49
Asian 3.8% (5) 5.0% (2) 3.2% (3)
Indigenous 0.8% (1) 2.5% (1) 0 (0)

Black 0.8% (1) 0 (0) 1.1% (1)

Mixed ethnic background 0.8% (1) 0 (0) 1.1% (1)

Employment status
Retired 45.7% (59) 34.2% (13) 50.5% (46) 0.21
Employed full-time 24.8% (32) 34.2% (13) 20.9% (19)

Employed part-time 16.3% (21) 21.1% (8) 14.3% (13)
Not employed 13.2% (17) 10.5% (4) 14.3% (13)

Marital status
Married 63.6% (82) 63.2% (24) 63.7% (58) 0.68
Divorced/separated 14.0% (18) 15.8% (6) 13.2% (12)
Widowed 12.4% (16) 7.9% (3) 14.3% (13)

Single (never married) 10.1% (13) 13.2% (5) 8.8% (8)

Menopausal status at diagnosis

Pre-menopause 26.4% (34) 44.7% (17) 18.7% (17) <0.01*
During menopause 9.3% (12) 7.9% (3) 9.9% (9)
Post-menopause 64.3% (83) 47.4% (18) 71.4% (65)

Cancer stage
Stage I 35.7% (46) 36.8% (14) 35.2% (32) 0.51
Stage II 40.3% (52) 47.4% (18) 37.4% (34)
Stage III 14.0% (18) 10.5% (4) 15.4% (14)

Stage IV 3.9% (5) 0 (0) 5.5% (5)

Unsure 6.2% (8) 5.3% (2) 6.6% (6)

Primary treatment

Chemotherapy 48.1% (64) 45.0% (18) 49.5% (46) 0.64
Radiotherapy 60.9% (81) 65.0% (26) 59.1% (55) 0.53

Lumpectomy 52.6% (70) 65.0% (26) 47.3% (44) 0.06

Mastectomy 48.9% (65) 37.5% (15) 53.8% (50) 0.09
Other 4.5% (6) 0% (0) 6.5% (6) 0.18

(Continued)
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Unique Predictors of Self-Reported 
Adherence at Baseline
The final model explained 36% of the variance in self- 
reported adherence (R2=0.36, F[6, 102]=9.59, p<0.001; 
Table 3). Side effect severity explained the most unique 
variance (b=−0.11, SE=0.03, p<0.001, part r2=0.09), fol-
lowed by self-efficacy (b=0.06, SE=0.02, p<0.01, part 
r2=0.05), and medication/healthcare system-related bar-
riers (b=−0.10, SE=0.04, p=0.02, part r2=0.04). No other 
factors accounted for additional unique variance.

Unique Predictors of Objective 
Adherence (PDC) Over 12 Months
The final model explained 13% of the variance in PDC 
over 12 months (R2=0.13, F[4, 101]=3.71, p<0.01; 

Table 4). Medication/healthcare system-related barriers 
explained 12% of unique variance in PDC over 12 months 
(b=−1.21, SE=0.33 p<0.001, part r2=0.12). No other fac-
tors explained additional unique variance.

Associations with Self-Reported 
Adherence at Baseline Moderated by AET 
Type
While the full model did not predict self-report adherence 
(R2=0.08, MSE=1.06, p=0.08), there was a trend toward 
interaction between intentional barriers and AET type 
(b=0.22, SE=0.11, p=0.05) where greater intentional bar-
riers were associated with lower adherence among tamox-
ifen (b=−0.26, SE=0.09, p=0.01) but not AI users. There 
were no other interactions.

Table 1 (Continued). 

Characteristic M (SD) p

Total (N=133) Tam Users (n=40) AI Users (n=93)

Healthcare provider
Oncologist 47.3% (63) 30.0% (12) 39.8% (37) 0.08
Family physician 39.1% (52) 50.0% (20) 34.4% (32)
Transition to fam. physician 5.3% (7) 2.5% (1) 6.5% (6)

Specialist at breast clinic 3.0% (4) 7.5% (3) 1.1% (1)

Healthcare team 3.8% (5) 7.5% (3) 17.2% (16)
Oncology nurse 0.8% (1) 2.5% (1) 0% (0)

Physician in clinical trial 0.8% (1) 0% (0) 1.1% (1)

History of AET use

Tamoxifen only 24.8% (33) 82.5% (33) 0% (0) <0.01*
Aromatase inhibitor only 48.1% (64) 0% (0) 68.8% (64)

Tamoxifen to AI 12.8% (17) 0% (0) 18.3% (17)

Other switch pattern 14.3% (19) 17.5% (7) 12.9% (12)

Method receiving AET

Pick-up 27.3% (36) 17.5% (7) 31.5% (29) 0.08
Mail 60.6% (80) 75.0% (30) 54.3% (50)

Both 12.1% (16) 7.5% (3) 14.1% (13)

AET initiated within past year 32.3% (43) 27.5% (11) 34.4% (32) 0.55

Presence of any side effect 69.2% (92) 77.5% (31) 65.6% (61) 0.17
Arthralgia 39.1% (52) 32.5% (13) 41.9% (39) 0.31

Hot flashes 31.6% (42) 37.5% (15) 29.0% (27) 0.34

Note: *p<0.05. 
Abbreviations: AET, adjuvant endocrine therapy; AI, aromatase inhibitor; SES, socioeconomic status; Tam, tamoxifen.
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Associations with Objectively Measured 
Adherence (PDC) Moderated by AET 
Type
Although the full model did not predict PDC over 12 
months (R2=0.08, MSE=108.30, p=0.10), there was an 

interaction between self-efficacy and AET type (b=−0.97, 
SE=0.47, p=0.04) where higher self-efficacy was asso-
ciated with better adherence among tamoxifen (b=1.03, 
SE=0.34, p<0.01) but not AI users. There were no other 
interactions.

Table 2 Mean Scores on Questionnaires

Measures (Possible Score Range) M (SD) p

Total (N=133) Tam Users (n=40) AI Users (n=93)

Adherence – PDC (0–100) 95.38 (10.32) 95.30 (10.16) 95.42 (10.45) 0.96

Adherence – self-report (0–9) 7.91 (1.06) 7.73 (1.20) 7.98 (1.00) 0.24
Self-efficacy (13–39) 36.03 (4.20) 34.84 (5.42) 36.54 (3.48) 0.04*

Controlled motivation (1–7) 2.79 (1.53) 2.71 (1.49) 2.82 (1.56) 0.72

Autonomous motivation (1–7) 5.68 (0.90) 5.64 (0.97) 5.70 (0.87) 0.72
Relative Autonomy Index 2.72 (1.54) 2.74 (1.54) 2.71 (1.55) 0.91

HCP autonomy support (1–7) 6.16 (1.15) 6.07 (1.14) 6.20 (1.15) 0.57

Unintentional barriers (4–16) 6.41 (2.19) 6.81 (2.47) 6.25 (2.06) 0.19
Intentional barriers (5–20) 6.94 (1.88) 7.03 (1.89) 6.90 (1.88) 0.73

Medication/healthcare system-related barriers (5–20) 8.41 (2.58) 8.88 (3.08) 8.22 (2.34) 0.21

Depressive symptoms (0–30) 5.96 (4.86) 7.00 (5.21) 5.54 (4.68) 0.12
HCP discussion of side effects (1–5) 4.27 (1.09) 4.14 (1.18) 4.33 (1.06) 0.36

Total number of side effects 1.54 (1.45) 1.68 (1.35) 1.48 (1.50) 0.49

Average side effect severity (of those reporting any; 0–4) 2.04 (0.87) 2.25 (1.02) 1.93 (0.77) 0.10

Note: *p<0.05. 
Abbreviations: AI, aromatase inhibitor; HCP, healthcare provider; PDC, proportion of days covered; Tam, tamoxifen.

Table 3 Stepwise Regression Model Examining Which Potentially Modifiable Factors Uniquely Predict Self-Report Adherence at 
Baseline

Predictor Unstnd. b SE p Zero-Order r Part r Part r2

Constant 7.18 0.95 <0.001 - - -

AET type −0.02 0.21 0.94 0.07 −0.01 0.00
Menopausal status −0.14 0.10 0.18 0.02 −0.11 0.01

Time on AET 0.00 0.00 0.99 −0.06 0.01 0.00

Side effect severity −0.11 0.03 <0.001* −0.49 −0.30 0.09
Self-efficacy 0.06 0.02 <0.01* 0.37 0.23 0.05

Medication/healthcare system-related barriers −0.10 0.04 0.02* −0.46 −0.19 0.04

Notes: AET type, menopausal status, and time taking AET were included as covariates. *p<0.05. Model summary: R2=0.36, F[6, 102]=9.59, p<0.001. 
Abbreviation: AET, adjuvant endocrine therapy.

Table 4 Stepwise Regression Model Examining Which Potentially Modifiable Factors Uniquely Predict PDC Over 12 Months

Predictor Unstnd. b SE p Zero-Order r Part r Part r2

Constant 103.81 5.29 <0.001 - - -

AET type 1.09 2.06 0.60 0.09 0.05 0.00

Menopausal status 0.07 1.02 0.94 0.09 0.01 0.00
Time on AET 0.00 0.04 0.99 −0.04 0.00 0.00

Medication/healthcare system-related barriers −1.21 0.33 <0.001* −0.35 −0.34 0.12

Notes: Analyses adjusted for AET type, menopausal status, and time taking AET. *p<0.05. Model summary: R2=0.13, F[4, 101]=3.71, p<0.01. 
Abbreviations: AET, adjuvant endocrine therapy; PDC, proportion of days covered.
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Exploratory Item-Level Analysis
As the medication/healthcare system-related barriers sub-
scale was the only measure that uniquely predicted var-
iance in both self-report adherence and PDC, exploratory 
follow-up correlation analyses were conducted to examine 
which items were driving these associations (see Table 5). 
The item being “frightened of side effects” was most 
strongly associated with both self-reported adherence and 
PDC (r=−0.46, r=−0.28, ps<0.01), and “feeling co- 
payments are a burden” was second most strongly asso-
ciated with self-reported adherence and PDC (r=−0.36, 
r=−0.24, ps<0.01).

Discussion
The present study examined which potentially modifiable 
factors were most strongly associated with both subjective 
and prospective objective AET adherence in breast cancer 
survivors, and whether associations were moderated by AET 
type. Adherence was high, for example PDC was 95%, 
consistent with the upper limit of AET adherence rates 
reported by prior studies.7,39 This may partly reflect the 
Canadian healthcare context (where AET can be accessed 
for free), research participant conscientiousness, recruitment 
at a cancer pharmacy, or bias in adherence measures (eg, not 
all medications obtained are necessarily used). Further, most 
women had already used AET for years and may have been 
more likely to have high adherence.

AI users in this sample were more often post-menopausal 
than tamoxifen users and trended toward being older, which 
is expected given treatment guidelines.4 Unexpectedly, cur-
rent tamoxifen users were diagnosed longer ago than AI 
users. This might be due to chance or could reflect shifting 
prescription patterns where women diagnosed more recently 
started with AIs, following newer evidence of their super-
iority over tamoxifen.40 Also unexpected was higher self- 
efficacy among AI users; reasons for this are unclear. Perhaps 

AI users were more motivated (as diagnosis was more 
recent), knew of AIs having greater efficacy than tamoxifen, 
or had more experience managing side effects after already 
experiencing menopause. AI users trended toward having 
less severe side effects, which may have contributed to self- 
efficacy.

Higher medication/healthcare system-related barriers 
was the only factor associated with both lower self- 
reported adherence at baseline and lower objectively mea-
sured adherence over one year. Specifically, the item 
“being frightened of side effects” was most strongly asso-
ciated with both adherence measures. It may be that one’s 
appraisal of side effects is pertinent to adherence beyond 
side effect presence and severity. A potentially relevant 
construct might be side effect catastrophizing, which 
involves overestimating the impact of side effects, feeling 
powerless over them, and underestimating coping skills. 
For example, catastrophizing of actual or anticipated pain 
can predict pain intensity and physical disability indepen-
dent of degree of physical impairment among those with 
chronic pain.41 Catastrophizing or fear of AET side effects 
might represent modifiable targets for improving adher-
ence. For example, AET-specific side effects have been 
associated with decreased risk of cancer recurrence and 
increased survival;42–44 such knowledge might attach addi-
tional meaning to the experience to side effects. Although 
AET was provided for free, endorsing co-paying for med-
ications as burdensome also related to lower adherence. 
Because participants were unable to indicate that this item 
was not applicable, it could have been interpreted as co- 
payments being a general or hypothetical burden. If so, the 
association between this item and adherence may be 
explained by a common third variable representing socio-
economic factors. Additionally, travel, gas, or parking for 
oncology appointments might represent related out-of- 
pocket costs. Even in universal public healthcare systems 

Table 5 Correlations Between Measures of Adherence and ABQ Medication/Healthcare System-Related Barriers Subscale

Item r (p)

With Self-Report 
Adherence

With PDC

Feeling co-payments are a burden −0.36 (<.001)* −0.24 (<.01)*
General difficulty with medication −0.07 (0.42) −0.22 (0.01)*

Having obstacles to healthcare −0.19 (0.04)* −0.16 (0.08)

Needing help on an everyday basis but not getting any −0.07 (0.41) −0.05 (0.57)
Being frightened of side effects −0.46 (<.001)* −0.28 (<.01)*

Note: *p<0.05. 
Abbreviations: ABQ, adherence barriers questionnaire; PDC, proportion of days covered.
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such as in Canada, significant out-of-pocket costs can 
occur45 which may affect adherence.

Side effect severity was most strongly associated with 
self-report adherence at baseline, accounting for 9% of the 
variance. It is unsurprising that side effects are relevant to 
adherence, as they are reportedly responsible for AET 
discontinuation in half of those who discontinue.46 

However, a recent systematic review reported that mea-
sures of side effects are associated with adherence or 
persistence in approximately half of studies that measure 
them,15 suggesting that side effects alone might not reli-
ably predict adherence. Side effects being common among 
AET users,47,48 factors beyond side effect presence or 
severity, such as reaction to side effects, or having effec-
tive management strategies (such as those outlined by 
Franzoi et al)49 may be relevant to understanding 
adherence.

Greater self-efficacy was associated with higher self- 
reported adherence at baseline. This is consistent with 
ample literature linking self-efficacy and adherence 
among AET users15 and others with chronic illness (eg, 
HIV/AIDS; cardiovascular, and respiratory disorders).50 

Bandura’s social cognitive theory outlines how personal 
factors (including cognitions such as self-efficacy), beha-
viour, and environmental factors all reciprocally influence 
each other to affect behaviour change.51 According to 
social cognitive theory, self-efficacy influences all aspects 
of behaviour, including effort invested in a task, persis-
tence despite obstacles, and emotional reactions to tasks.51 

Social cognitive theory also posits that self-efficacy is 
influenced by prior accomplishment, vicarious learning, 
verbal persuasion, and one’s physiological state.51 

Studies have shown that experimentally induced changes 
in self-efficacy are associated with medium effect-size 
changes in health behaviours such as exercise, physical 
activity, and condom use.52 It is unclear why self-efficacy 
was associated with self-reported but not objective adher-
ence across this sample; this may be due to shared report-
ing bias and contemporaneous assessment of self-report 
measures. There was a trend toward self-efficacy being 
associated with PDC in tamoxifen but not AI users, 
which may be partly influenced by a ceiling effect of self- 
efficacy in AI users (or factors previously speculated to be 
relevant to group differences in self-efficacy). While it 
cannot be definitively stated that self-efficacy can predict 
PDC over 12 months among tamoxifen users, this trend 
may provide further evidence that self-efficacy is worth 
further exploration for its role in AET use.

Prior studies have suggested that better HCP commu-
nication or relationship quality are associated with 
adherence,53,54 and self-determination theory posits that 
HCPs could bolster the autonomous motivation necessary 
for behaviours like medication adherence.31 Autonomy 
support was not associated with adherence in this sample, 
however this may be partly due to ceiling effects; results 
may differ with more diverse communication styles per-
ceived from HCPs. The degree to which HCPs discussed 
side effects was unrelated to adherence, however, this 
construct is vague. “Discussion of side effects” could 
range from brief warnings about life-threatening side 
effects to in-depth explanations of common ones. Future 
research could disentangle patients’ specific knowledge 
about side effects and their management before starting 
AET, and how this affects AET use.

No models that examined whether associations 
between potentially modifiable factors and adherence 
were moderated by AET type explained a significant 
amount of variance. Models trended toward intentional 
barriers being associated with self-report adherence and 
self-efficacy being associated with PDC in tamoxifen but 
not AI users. It is unclear whether these associations 
would exist in a larger sample or if they were artifacts of 
ceiling effects in self-report adherence and self-efficacy 
among AI users.

Limitations and Future Directions
This study has several limitations. First, the lack of socio-
economic and ethnic diversity reduces generalizability to 
different populations. Similarly, the high adherence rate 
does not represent all breast cancer survivors and limits 
generalizability to those struggling more with adherence. 
Second, the observation period here covered one year over 
a minimum five-year prescription period. Future studies 
should investigate whether associations between modifiable 
factors and adherence vary along the full trajectory of AET 
use. Third, PDC does not account for pills that may have 
been lost, discarded, or otherwise not taken, and may over-
estimate medication use. Relatedly, self-report may over-
estimate adherence due to recall or reporting biases. Fourth, 
the self-report adherence measure (MARS) was developed 
for a psychiatric population and not a cancer population. 
Variation in relevancy of items may explain its poor internal 
consistency in the present sample. Other self-report mea-
sures, such as the Medication Adherence Report Scale55 

may be more appropriate in future studies. In addition, 
measuring AET side effects with an existing scale such as 
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the Breast Cancer Prevention Trial Symptom Checklist56 

rather than an open-ended question would have ensured 
standardization and facilitated comparison with other stu-
dies. Fifth, recruiting individuals from a pharmacy may 
have overrepresented those with high adherence, as more 
frequent contact with the pharmacy meant more opportunity 
for recruitment. Sixth, factors were examined in isolation 
and we acknowledge the strong likelihood that factors inter-
act with each other to influence adherence (eg, encouraging 
and informative HCP communication, fewer side effects, or 
higher self-efficacy might attenuate intentional barriers to 
adherence). Finally, access to medical records was unavail-
able, thus researchers could not verify information about 
diagnoses or identify whether people discontinued AET 
under direction of HCPs. Similarly, we were unable to 
follow-up with individuals to inquire whether they discon-
tinued, moved, or otherwise experienced changes that 
would affect AET use.

Future studies could examine how multiple factors 
interact to influence adherence and whether adherence- 
influencing factors change over the trajectory of medica-
tion use. Including samples with greater diversity in terms 
of SES, ethnicity, and adherence level may provide infor-
mation about the scope in which potentially modifiable 
factors might relate to adherence. Finally, it may be 
worth investigating whether factors predict adherence dif-
ferentially across AET type among more diverse samples.

Conclusion
Prior interventions for improving AET adherence have lar-
gely been unsuccessful to date. A nuanced understanding of 
AET adherence may lead to effective intervention develop-
ment using a framework such as the ORBIT model. The 
present study identified side effects, fear of side effects, and 
self-efficacy as potentially modifiable factors associated with 
AET use. It may be worth investigating whether incorporat-
ing these factors as targets might strengthen multi-modal 
interventions to improve AET adherence. Further, associa-
tions between potentially modifiable factors and adherence 
did not differ by AET type, providing some preliminary 
evidence that associated interventions to target factors 
might be broadly relevant to both AI and tamoxifen users.
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