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ABSTRACT
Objectives To explore the association between hormone 
therapy (HT) adherence and non- drug healthcare utilisation 
and healthcare costs among patients with breast cancer.
Design Retrospective longitudinal cohort study.
Setting The US Medicare beneficiaries in the SEER- 
Medicare- linked database
Participants Women aged ≥ 65 with hormone- receptor 
positive breast cancer from 2007 through mid- 2009 in the 
USA.
Interventions We examined the relationship between HT 
and adherence and outcomes of our interests.
Primary and secondary outcome measures Our study 
cohort’s HT adherence, non- drug healthcare utilisation 
and healthcare costs for the first year of HT and each year, 
thereafter, for a total of 5 years.
Results 6045 eligible Medicare beneficiaries that met our 
selection criteria were included. We found that patients 
who were adherent to HT were associated with lower 
healthcare utilisation of all kinds (inpatient (0.35 vs 0.43, 
p<0.001), length of study during hospitalisation (4.19 vs 
4.89, p<0.01), physician office visits (25.16 vs 26.17, 
p<0.001)), and significant reductions in many types of 
medical costs and neutral total healthcare costs despite 
the increased pharmacy costs. Half of the total medical 
cost reduction came from savings in hospitalisation costs.
Conclusions Our study suggests that the added cost of 
HT adherence was all but offset by the reduced cost for 
other medical care. Our study provides evidence on the 
potential success of implementing value- based insurance 
design (VBID) plans among patients with breast cancer 
to improve their long- term oral medication adherence. 
Policymakers should consider adherence improvement 
strategies such as VBID plans, given that the costs likely 
will not surpass the total savings.

INTRODUCTION
Breast cancer is the most commonly diag-
nosed non- skin cancer among US women, 
representing 30% of all new cancer cases in 
2020.1 With improved screening and treat-
ment, the US breast cancer death rate has 

been decreasing by 1.8% each year over the 
past decade, and the current 5- year survival 
rate is about 90%.2 As more patients are living 
with breast cancer, the associated healthcare 
costs have also been increasing. Breast cancer 
accounts for the largest share of national 
expenditure for cancer care. It increased from 
US$16.5 billion in 2010 to US$19.7 billion in 
2018.3

Hormone receptor (HR)- positive breast 
cancer subtype accounts for over 80% of total 
breast cancer. Among HR- positive patients 
with breast cancer, adjuvant endocrine (or 
hormone) therapy has been incorporated as 
part of the treatment regime after surgical 
removal of the tumour.4–7 There are several 
types of hormone therapy (HT) medications, 
including tamoxifen and aromatase inhibitors 
(AIs). AIs are a newer generation of adjuvant 
HT medications for postmenopausal women, 
including anastrozole, letrozole and exemes-
tane. Clinical evidence showed that AIs are 
more effective than tamoxifen in improving 
survival and reducing disease recurrence 
among postmenopausal women.8 In order to 
achieve the most desired health benefits, the 

Strength and limitations of this study

 ► First of its kind to reveal the association between 
hormone therapy adherence and non- drug health-
care utilisation and costs among Medicare patients 
with breast cancer in the USA over the full course of 
5- year treatment.

 ► Provided insights into the potential benefits of im-
plementing value- based insurance design plans 
among patients with breast cancer to improve their 
long- term oral medication adherence.

 ► Unable to precisely calculate the filled prescriptions 
or the drug costs due to data limitations.
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American Society of Clinical Oncology recommended 
HT treatment for at least 5 years.9 However, long- term 
HT adherence remains suboptimal. This is problematic, 
because failure to complete a full course of treatment 
compromises health benefits and often results in treat-
ment failure.10–12

Previous studies showed that improved medication 
adherence may associate with lower total healthcare costs, 
even though it may increase pharmacy costs. The increase 
in pharmacy costs due to medication adherence is often 
offset by savings in other non- drug medical costs, as overall 
health improves.13–15 For example, in a four- state study 
of dual eligible Medicare/Medicaid beneficiaries with 
congestive heart failure (CHF), patients who were found 
to be adherent to their prescribed medication regimes 
were 4% less likely to be hospitalised and 3.0% less likely 
to visit the emergency department (ED). In total, their 
total healthcare costs per year were US$5910 (23%) lower 
than beneficiaries found to be non- adherent.16 Roebuck 
et al examined privately insured patients with four 
chronic conditions (CHF, hypertension, diabetes and 
dyslipidaemia) and found that medication adherence was 
associated with 1.18 (for dyslipidaemia) to 5.72 (for CHF) 
fewer days in inpatient stays, 0.01 to 0.04 reduction in ED 
visits and a corresponding US$1258 (for dyslipidaemia) 
to US$7823 (for CHF) reduction in total annual health-
care.15 Boye et al17 examined patients with type 2 diabetes 
and found that every 1% increase in medication adher-
ence was associated with on average US$65 464 all- cause 
cost savings among 1000 patients, similarly driven by the 
lowered probability of hospitalisations and ED visits.

While a myriad of studies have found an inverse rela-
tionship between medication adherence and non- drug 
healthcare utilisation and total healthcare costs, most of 
them focused on chronic cardiovascular diseases. Only 
a few studies explored the association between medica-
tion adherence and non- drug healthcare utilisations 
and costs among patients with breast cancer. One 4- year 
longitudinal study of Medicaid beneficiaries with breast 
cancer from South Carolina found that HT adherence 
was associated with 31% decrease in medical costs, but no 
significant savings in total healthcare cost. The different 
results between medical and total healthcare costs could 
be due to adverse events associated with long- term use of 
HT.18 While this finding was informative, more research 
focusing on patients with breast cancer among a broader 
sample of Medicare beneficiaries are needed. In this 
study, we used a nationally representative sample of Medi-
care beneficiaries to examine the relationships between 
HT adherence and non- drug healthcare utilisation and 
healthcare costs. The objective of our study is to answer 
the research questions of what are the association between 
HT adherence and non- drug healthcare utilisation and 
healthcare costs among patients with breast cancer? We 
hypothesise that the non- drug healthcare utilisation will 
be lower among patients with breast cancer who adhere 
to HT compared with those who do not. Furthermore, 
HT adherent patients will have higher prescription drug 

costs, but lower non- drug costs and lower or no difference 
in total healthcare costs compared with non- adherent 
patients.

METHOD
Data source
We used SEER- Medicare linked database for the years 
2007–2014. The National Cancer Institute’s SEER data-
base is the only database that includes comprehensive 
population- based information on breast cancer patients’ 
demographics, cancer diagnosis, time of diagnosis and 
initial therapy (surgery and/or radiation). At the time 
of this study, SEER covered 34.6% of the US population. 
The linked Medicare component includes beneficiaries’ 

Table 1 Baseline characteristics of eligible Medicare 
beneficiaries with hormone receptor positive early stage 
breast cancer who initiated aromatase inhibitor treatment 
within the first year of diagnosis (n=6045)

Characteristics Number (%)*

Median age, years (range) 74.6 (65–103)

Age group

  65–69 1748 (28.9)

  70–74 1537 (25.4)

  75–79 1242 (20.6)

  80+ 1518 (25.1)

Race/ethnicity

  White, non- Hispanic 5068 (83.8)

  Black 392 (6.5)

  Hispanic 334 (5.5)

  Asian 251 (4.2)

Comorbidity (HCC score)

  0 2098 (36.9)

  1 1504 (26.5)

  2 918 (16.2)

  3+ 1161 (20.4)

Marital status

  Married 2570 (42.5)

  Unmarried 3475 (57.5)

Tumour stage

  I 3297 (54.5)

  II 2124 (35.1)

  III 624 (10.3)

Treatment

  Surgery +radiation 3155 (52.2)

  Surgery, no radiation 2709 (44.8)

  No surgery 181 (3.0)

*Values are number (percentage) unless indicated otherwise.
HCC, Hierarchical Condition Category.
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enrolment, prescription drug use and costs and non- drug 
healthcare utilisation and costs information.19

Study sample
Our study sample is women diagnosed with HR- positive 
early stage breast cancer in years from 2007 to mid- 2009 in 
the USA. Other criteria for inclusion were: (1) 65 years or 
older, (2) no missing race value, (3) with only one breast 
cancer diagnosis within the study period, (4) initiated AI 
treatment within the first year of breast cancer diagnosis, 
(5) continuously enrolled in Medicare Part A and Part B 
and Part D from diagnosis data through 5 years after the 
first- filled AI prescription or until dead, whichever came 
first (gaps of 45 days or less allowed), (6) did not spend 
a full year in an inpatient facility (ie, hospital or skilled 
nurse facility). The screening process for constructing 
our study cohort is found in supplementary material 
(online supplemental appendix A).

Variables
Dependent variables
We examined the non- drug healthcare utilisation and 
healthcare costs for the patients’ first year of AI treat-
ment and each year, thereafter, for a total of 5 years (year 

1 through year 5). Variables of non- drug healthcare 
utilisation included any hospitalisation, length of stay 
(LOS), and numbers of inpatient, outpatient (including 
unplanned emergency room visits) and physician office 
visits. Healthcare costs included all- cause non- drug 
medical costs (inpatient, outpatient and physician office 
visits costs), all- cause prescription costs and the sum of 
the two as total healthcare costs. All costs were measured 
by the total amount paid by Medicare and standardised 
to 2014 dollars using the medical care component of the 
consumer price index (https://www. bls. gov/ cpi/).

Treatment variables
A patient’s adherence to AI treatment was based on the medi-
cation possession ratio (MPR), calculated as the number of 
days of AI supplied divided by the number of days covered 
in a year. A patient’s inpatient days were excluded from the 
denominator because AI medications may have come from 
another source during an inpatient stay and not be reflected 
in Medicare part D data. Each patient had an update to five 
MPRs: first year of AI treatment and each year, thereafter, for 
a total of 5 years (year 1 through year 5). If a patient died, 
he/she was excluded from the following years. MPR values in 

Table 2 Hormone therapy adherence, healthcare utilisation and costs over the full course of aromatase inhibitor treatment 
among Medicare beneficiaries with breast cancer

Variables
Year 1
(n=6045)

Year 2
(n=5847)

Year 3
(n=5592)

Year 4
(n=5322)

Year 5
(n=4993)

Treatment variables

  MPR, mean (SD) 0.79 (0.27) 0.62 (0.39) 0.61 (0.41) 0.61 (0.43) 0.54 (0.41)

  Adherence (MPR≥80%), n (%) 3878 (64.2) 2855 (48.8) 2837 (50.7) 2848 (53.5) 1848 (39.4)

Outcome variables

Healthcare utilisation

  Any hospitalisation, n (%) 1166 (19.3) 862 (14.7) 873 (15.6) 1123 (21.1) 1174 (23.5)

  Number of hospitalisation (>0), mean 
(SD)

2.0 (1.7) 1.9 (1.5) 2.0 (1.5) 2.2 (1.9) 2.2 (1.7)

  Number of hospital days (>0), mean 
(SD)

23.4 (47.2) 22.9 (46.3) 22.0 (38.5) 24.3 (41.5) 24.4 (41.8)

  Any outpatient visits, n (%) 5636 (93.2) 5281 (90.3) 4969 (88.9) 4693 (88.2) 4395 (88.0)

  Number of outpatient visits, mean (SD) 7.7 (7.7) 6.5 (7.4) 6.1 (7.1) 5.9 (6.8) 6.0 (7.3)

  Any physician office visits, n (%) 6041 (99.9) 5832 (99.7) 5567 (99.5) 5297 (99.5) 4956 (99.3)

  Number of physician office visits, mean 
(SD)

29.2 (17.6) 25.4 (17.2) 24.7 (17.6) 24.3 (18.1) 24.1 (18.4)

Healthcare costs

Medicare payment amount, US$ mean (median)

  Total healthcare costs 21 431 (14,508) 15 204 (9,757) 14 884 (8,657) 15 362 (7,664) 12 970 (5,438)

  Total medical costs 14 767 (7,586) 9630 (4,223) 10 148 (4,047) 11 611 (3,950) 10 096 (2,894)

  Hospitalisation costs (>0) 22 700 (12,654) 22 084 (13,114) 23 853 (15,309) 25 461 (15,894) 20 993 (11,515)

  Outpatient costs 3708 (1,232) 1916 (671) 1976 (617) 1918 (571) 1556 (390)

  Physician costs 6680 (3,942) 4458 (2,886) 4448 (2,767) 4319 (2,600) 3604 (1,926)

  Total pharmacy costs 6664 (5,677) 5574 (4,623) 4735 (3,475) 3751 (2,371) 2875 (1,452)

MPR, medication possession ratio.

https://dx.doi.org/10.1136/bmjopen-2021-052146
https://www.bls.gov/cpi/
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Table 3 Unadjusted annual healthcare utilisation and costs in adherent and nonadherent Medicare beneficiaries with breast 
cancer over the full course of treatment

Variables Adherent Non- adherent P

Healthcare utilisation

Any hospitalisation, n (%)

  Year 1 729 (18.8) 437 (20.2) NS

  Year 2 395 (13.8) 467 (15.6) NS

  Year 3 404 (14.2) 469 (17.0) <0.01

  Year 4 521 (18.3) 602 (24.3) <0.001

  Year 5 417 (21.2) 757 (25.0) <0.01

Number of hospitalisation (>0), mean (SD)

  Year 1 2.0 (1.7) 2.1 (1.7) NS

  Year 2 1.8 (1.4) 2.0 (1.5) NS

  Year 3 2.0 (1.4) 2.0 (1.5) NS

  Year 4 2.1 (1.8) 2.2 (1.9) NS

  Year 5 2.1 (1.8) 2.2 (1.7) NS

Number of hospital days (>0), mean (SD)

  Year 1 25.5 (53.8) 19.9 (33.0) <0.05

  Year 2 22.3 (49.4) 23.5 (43.5) NS

  Year 3 23.3 (41.8) 20.8 (35.3) NS

  Year 4 24.8 (45.7) 23.8 (37.6) NS

  Year 5 23.7 (38.0) 24.8 (43.8) NS

Any outpatient visits, n (%)

  Year 1 3612 (93.1) 2024 (93.4) NS

  Year 2 2600 (91.1) 2681 (89.6) NS

  Year 3 2537 (89.4) 2432 (88.3) NS

  Year 4 2564 (90.0) 2129 (86.1) <0.001

  Year 5 1766 (89.8) 2629 (86.9) <0.01

Number of outpatient visits, mean (SD)

  Year 1 7.7 (7.6) 7.9 (7.9) NS

  Year 2 6.5 (7.4) 6.4 (7.4) NS

  Year 3 6.2 (7.2) 6.0 (7.0) NS

  Year 4 5.9 (6.8) 5.9 (6.8) NS

  Year 5 6.1 (7.2) 5.9 (7.4) NS

Number of physician office visits, mean (SD)

  Year 1 28.5 (17.3) 30.3 (18.1) <0.001

  Year 2 25.2 (16.8) 25.6 (17.5) NS

  Year 3 24.4 (16.5) 25.0 (18.6) NS

  Year 4 23.9 (17.3) 24.9 (18.9) <0.05

  Year 5 23.8 (18.1) 24.3 (18.5) NS

Healthcare costs

Medicare payment amount

Total healthcare costs, US$ mean (median)

  Year 1 22 025 (15,502) 20 370 (12,604) <0.01

  Year 2 16 624 (11,434) 13 849 (8,072) <0.001

  Year 3 15 110 (9,865) 14 651 (7,488) NS

  Year 4 14 563 (7,906) 16 283 (7,347) <0.01

Continued
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years when patients were alive but did not fill any AI prescrip-
tions were set to 0. MPR as capped at 100% if numerator is 
greater than denominator due to early refills. As a sensitivity 
analysis, we also analysed an ‘adherence’ indicator variable 
with value 1, if the patient’s MPR for the year was 80% or 
more.20–24

Covariates
Time- invariant covariates used in our analyses included 
a patient’s race/ethnicity, marital status, tumour stage 
and certain treatment characteristics. Two time- variant 
covariates were included in our analyses: patient’s age at 
the start of each year (years 1 through year 5); and the 
patient’s Hierarchical Condition Category (HCC) score. 
HCC score is a risk adjustment factor based on a patient’s 

comorbidities. Our analyses also included variables repre-
senting calendar years to address the concurrent trends 
in healthcare utilisation and costs. The descriptions of 
full list of our variables are shown in supplementary mate-
rial (online supplemental appendix B).

Data analysis
We first examined the distributions of all independent 
variables, including patients’ MPR and adherence value 
and then calculated summary statistics on outcomes each 
year (year 1 through year 5): any hospitalisation (yes or 
no) or outpatient visits (yes or no), numbers of inpatient 
stays, number of outpatient clinic visits or number physi-
cian office visits and mean LOS associated with hospital-
isation. We also calculated the average healthcare costs to 

Variables Adherent Non- adherent P

  Year 5 12 758 (5,837) 13 109 (5,238) NS

Total medical costs, US$ mean (median)

  Year 1 14 306 (7,513) 15 594 (7,775) <0.05

  Year 2 9090 (4,111) 10 144 (4,324) <0.05

  Year 3 9025 (3,923) 11 304 (4,209) <0.001

  Year 4 10 067 (3,688) 13 389 (4,283) <0.001

  Year 5 9103 (2,772) 10 741 (2,981) <0.01

Total hospitalisation costs, US$ mean (median)

  Year 1 22 176 (12,654) 23 574 (12,775) NS

  Year 2 22 136 (12,462) 22 040 (13,620) NS

  Year 3 23 036 (16,120) 24 558 (14,584) NS

  Year 4 24 799 (15,880) 26 035 (16,034) NS

  Year 5 20 213 (11,477) 21 424 (11,569) NS

Total outpatient costs, US$ mean (median)

  Year 1 4528 (2,035) 5151 (2,177) NS

  Year 2 3380 (1,514) 3768 (1,481) NS

  Year 3 3527 (1,549) 4316 (1,483) NS

  Year 4 3485 (1,597) 3991 (1,420) NS

  Year 5 3010 (943) 2925 (1,019) NS

Total physician costs, US$ mean (median)

  Year 1 9602 (6,915) 11 352 (8,175) <0.01

  Year 2 8325 (6,093) 8323 (6,250) NS

  Year 3 8289 (6,290) 8892 (6,128) NS

  Year 4 7639 (5,697) 9069 (6,308) <0.01

  Year 5 6366 (4,588) 6810 (4,737) NS

Total pharmacy costs, US$ mean (median)

  Year 1 7719 (6,561) 4776 (4,090) <0.001

  Year 2 7534 (6,443) 3705 (3,150) <0.001

  Year 3 6084 (5,032) 3347 (2,539) <0.001

  Year 4 4495 (2,951) 2893 (1,847) <0.001

  Year 5 3656 (1,954) 2367 (1,235) <0.001

Note: NS stands for not significant.

Table 3 Continued

https://dx.doi.org/10.1136/bmjopen-2021-052146
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Medicare including non- drug medical costs, prescription 
drug costs and total healthcare costs.

Based on preliminary descriptive and bivariate anal-
yses, we determined the appropriate statistical modelling 
methods for each of our outcome measures as described 
in the following and selected covariates to include as 
adjustors. Zero- inflated negative binomial models were 
adopted to predict LOS and the numbers of hospitalisation 
stays and outpatient visits, and negative binomial models 
were used to predict the number of physician office visits. 
For outpatient, non- drug medical, prescription drug and 
total medical costs, we restricted our sample to positive 
observations and used generalised linear models (GLMs) 
with log link and gamma distribution for estimation. For 
hospitalisation costs, we adopted a two- part model, since 
only approximately 20% of our study sample had hospital-
isations. In this model, the first part was a logistic regres-
sion model to predict the likelihood of having a non- zero 
hospitalisation costs, and the second part of the model 
used GLM to estimate the non- zero hospitalisation costs. 
All statistical analyses were conducted using SAS V.9.325 or 
Stata V.1426 where applicable.

Patient and public involvement statement
Patients and or public were not involved.

RESULTS
There were 6045 eligible Medicare beneficiaries who 
met our sample selection criteria. The average age of our 

study cohort was 74.6 years old. The majority identified as 
non- Hispanic white (83.8%), with the rest (16.2%) iden-
tifying as non- Hispanic black, Hispanic or Asian (table 1).

Table 2 shows the summary statistics for treatment vari-
ables and outcome variables (including non- drug health-
care utilisation and healthcare costs) over the 5- year 
course of treatment. The average MPR was the highest in 
the first year of treatment (79%) and lowest in the fifth 
year (54%) of treatment. The percentage of patients who 
were adherent in each of the 5 years (ie, MPR>=80%) 
ranged from 39.4% to 64.2%. On average, about 20% of 
surviving patients each year had at least one hospitalisa-
tion event, while about 90% had at least one outpatient 
visit, and approximately 99% had at least one physician 
office visit. Among those with at least one hospitalisation 
in each year, the mean number of inpatient stays was 
1.9–2.2 and mean LOS was 22.0–24.4 days. The mean 
annual total healthcare costs ranged from US$12 970 to 
US$21 431 over the 5 years of AI treatment (this translates 
to US$14 957 to US$24 714 in 2021 US dollars), while 
medication costs accounted for 22%–31% of the total 
healthcare costs each year (US$2875–US$6664).

Table 3 presents the unadjusted annual non- drug 
healthcare utilisation and costs in adherent and non- 
adherent Medicare beneficiaries across their 5 years 
of treatment. For year 3 through year 5, a significantly 
lower percentage of adherent beneficiaries had at least 
one hospitalisation compared with non- adherent bene-
ficiaries. Among those with hospitalisations, however, 
neither number of stays nor mean LOS were statistically 
significant different in any year. Conversely, the per cent 
of adherent beneficiaries who had any outpatient visits 
was higher than the per cent of non- adherent beneficia-
ries in the fourth year and lower in the fifth year, while 
no statistically significant differences in the rest of the 
years. Across the 5 years, adherent patients (MPR greater 
or equal to 80%) had consistently fewer physician office 
visits than non- adherent patients. In general, adherent 
beneficiaries had lower medical costs, but higher medi-
cation costs than non- adherent beneficiaries, which led 
to slightly higher total healthcare costs among adherent 
beneficiaries compared with non- adherent beneficiaries.

Results of adjusted models predicting the association 
between MPR and non- drug healthcare utilisation and 
costs are shown in table 4. The results showed that the 
increased MPR was statistically significantly associated 
with fewer hospitalisations, shorter LOS, fewer outpa-
tient visits (including emergency room visits) and fewer 
physician office visits. MPR was also positively associ-
ated with medication costs and negatively associated 
with total medical costs. However, the difference in total 
healthcare costs is not statistically significant. Table 5 
shows the results of adjusted models using the alterna-
tive indicator of adherence instead of the continuous 
MPR measure. Table 5 results indicate that healthcare 
utilisation measures are always lower for adherent bene-
ficiaries compared with non- adherent beneficiaries. 
Adherent beneficiaries had fewer hospitalisations (0.35 

Table 4 Adjusted healthcare utilisation and costs among 
Medicare beneficiaries with breast cancer over the full 
course of treatment

Variables MPR* P

Healthcare utilisation

Number of hospitalisations† −0.009 <0.001

Number of hospital days −0.088 <0.01

Number of outpatient visits −0.018 NS

Number of physician office visits −0.111 <0.001

Healthcare costs

Medicare payment amount

  Total healthcare costs 51 NS

  Total medical costs −281 <0.001

  Total hospitalisation costs −109 <0.001

  Total outpatient costs −52 <0.001

  Total physician costs −105 <0.001

  Total pharmacy costs 365 <0.001

Notes: NS stands for not significant.
*The prediction model controlled for other covariate, full results see 
online supplemental material (online supplemental appendix C).
†An example for interpreting the finding: every 10% increase in 
MPR was associated with 0.009 less number of hospitalisations 
(p<0.001).
MPR, medication possession ratio.

https://dx.doi.org/10.1136/bmjopen-2021-052146
https://dx.doi.org/10.1136/bmjopen-2021-052146
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vs 0.43, p<0.001) and fewer physician office visits (25.16 
vs 26.17, p<0.001) and shorter LOS during hospitalisa-
tion (4.19 vs 4.89, p<0.01). On average, Medicare paid 
US$2314 (p<0.001) more on medications for adherent 
beneficiaries, but US$2242 (p<0.001) less on total non- 
drug medical costs. This resulted in no statistically signif-
icant difference in total Medicare healthcare costs. Each 
line of results in tables 4 and 5 was generated by an indi-
vidual multivariant regression analysis as indicated in the 
method section. Full results are found in supplementary 
material (online supplemental appendices C and D).

DISCUSSION
Our study explored the relationships between HT adherence 
and non- drug healthcare utilisation and costs among patients 
with breast cancer. To our knowledge, this is one of the first 
studies to examine the association of medication adherence 
and non- drug healthcare utilisation and costs across the full 
5- year course of treatment and among a sample of patients 
as diverse as that provided by the SEER- Medicare database. 
We found that patients who were adherent to HT were asso-
ciated with fewer inpatient, outpatient and physician office 
visits. Consistent with previous studies,15 17 18 we also found 
that patients who were adherent to HT were associated with 
significant reductions in many types of medical costs as well 
as total medical costs. Half of the reduction in total medical 
cost came from savings in hospitalisations. This is expected, 
since staying on HT for at least 5 years, as clinical guidelines 
recommend, reduces the likelihood of breast cancer recur-
rence. From this analysis, we find that adherent patients are 
more likely to avoid a recurrence of breast cancer and the 
associated costs for related treatment. Our findings suggest 

that the added cost of HT adherence is all but offset by the 
reduced cost for other categories of medical care.

To determine the contingent effect of medication adher-
ence on healthcare utilisation and costs, we included unalter-
able patient level factors in our models such as age, race and 
tumour stage at time of diagnosis. These factors are known to 
be strongly associated with adherence and, thus, also impact 
utilisation and costs. However, they are not factors that clini-
cians and policymakers can directly change. Nevertheless, 
earlier analyses have identified two manageable factors that 
could improve adherence, and by doing so, impact health-
care utilisation and costs: care coordination for comorbid 
health conditions and financial help with medication copay-
ments.27 28 Systematic care coordination among health 
service providers to address comorbid health conditions is 
possible but is usually considered costly to implement.27 This 
study does indicate, however, that the additional cost would 
be limited to the care coordination itself. The added costs of 
medication due to higher adherence would be, for the most 
part, offset by lower non- drug medical costs.

Value- based insurance design (VBID) plans are designed 
to offer high- value healthcare at reduced out- of- pocket costs 
(OOPCs) to patients with certain diagnoses and/or socio-
economic status.29 Some Medicare Advantage plans have 
adopted the VBID model to manage beneficiary healthcare 
costs while maintaining healthcare quality. For example, 
Medicare Advantage patients with certain chronic diseases 
may see reduced copayments for medications.29 An study 
from 2020 found that lower OOPCs were associated with 
enhanced long- term medication treatment among Medicare 
beneficiaries with breast cancer.28 The authors also showed 
that eliminating cost sharing was associated with improved 

Table 5 Adjusted healthcare utilisation and costs for Medicare beneficiaries’ adherent and non- adherent to hormone therapy 
over the full course of treatment

Variables Adherent* Non- adherent Difference P†

Healthcare utilisation Margin Margin Margin

(SE) (SE) (SE)

Number of hospitalisation 0.35 (0.01) 0.43 (0.01) −0.08 (0.01) <0.001

Number of hospital days 4.19 (0.16) 4.89 (0.18) −0.70 (0.22) <0.01

Number of outpatient visits 6.45 (0.05) 6.54 (0.06) −0.09 (0.08) NS

Number of physician office visits 25.16 (0.13) 26.17 (0.14) −1.02 (0.20) <0.001

Healthcare costs

Medicare payment amount

  Total healthcare costs 16 246 (164) 16 077 (200) 169 (262) NS

  Medical costs 10 310 (152) 12 551 (195) −2,242 (249) <0.001

  Hospitalisation costs 3811 (115) 4840 (141) −1,028 (183) <0.001

  Outpatient costs 2070 (37) 2484 (54) −414 (65) <0.001

  Physician costs 4389 (47) 5190 (63) −801 (77) <0.001

  Pharmacy costs 5891 (46) 3577 (37) 2314 (61) <0.001

*The prediction model controlled for other covariate, full results see Supplementary Material (online supplemental appendix D).
†NS stands for not significant.

https://dx.doi.org/10.1136/bmjopen-2021-052146
https://dx.doi.org/10.1136/bmjopen-2021-052146
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adherence among patients with breast cancer who were 
Medicare/Medicaid dual eligibles.30 By reducing the copay-
ments for these patients, VBID plans aim to improve medi-
cation adherence and avoid other costly medical services. 
The findings from our study further support this concept: 
improved medication adherence did not result in increased 
total healthcare use and costs, even though it drove up the 
pharmacy costs.

The benefit of conducting our study using claims data is 
that the data contain real- world information on HT adher-
ence and non- drug healthcare utilisation and costs. However, 
there are also some limitations. First, we used Medicare 
part D data to calculate MPR to indicate adherence. Filled 
prescriptions do not necessarily mean that all were consumed 
by the patient. In addition, our results do not reflect some 
cases where a patient may have supplementary insurance to 
cover their medication costs or in the event that a patient 
switched from AI to other HT medications (ie, tamoxifen). 
Second, the drug costs were calculated by using the gross 
drug costs (consisting of ingredient cost, dispensing fee and 
total amount attributed to sales tax). However, Medicare 
drug plans may receive rebates from pharmaceutical compa-
nies for these medications, which is confidential information. 
The actual Medicare payment amount for medications may 
be less than the total of gross drug costs reported. There-
fore, it is likely that our study overestimated the pharmacy 
costs. Third, the costs of breast cancer management may be 
different throughout years due to advances in the prevention, 
screening and treatment of breast cancer. We were unable to 
capture all the impacts of these advances throughout years; 
however, we included variables representing calendar years 
to address these concurrent trends. Finally, we do not know 
if the reduced medical costs and healthcare utilisation were 
solely associated with better adherence. It is possible that 
patients who were more adherent to HT treatment were 
more likely to be adherent to other non- drug treatments 
and/or have a healthier lifestyle, which could have biased the 
results away from the null. It would be meaningful for future 
studies to separate these effects from medication adherence.

CONCLUSIONS
Our study is one of the first to analyse the association 
between HT adherence and non- drug healthcare utili-
sation and costs among Medicare beneficiaries over the 
full course of treatment. Our results suggested that better 
adherence is associated with lower healthcare utilisation 
of all kinds (inpatient, outpatient and physician office 
visits) and no change in total healthcare costs despite 
the increased pharmacy costs. Our study also provides 
insights into the potential benefits of implementing 
VBID plans among patients with breast cancer to improve 
their long- term oral medication adherence. Policymakers 
should consider adherence improvement strategies such 
as VBID plans given the potential health benefits, and 
that the costs likely will not surpass the total savings.
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