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Abstract
Background: Incident cancer diagnosis may increase the risk of coronary artery disease (CAD)–related hospitalizations, especially in older in-
dividuals. Adherence to statins and/or angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin II receptor blockers (ARBs)/β-blockers 
reduces CAD-related hospitalizations. This study examined the relationship between medication adherence and CAD-related hospitaliza-
tions immediately following cancer diagnosis. Patients and Methods: A retrospective observational longitudinal study was conducted 
using SEER-Medicare data. Elderly Medicare fee-for-service beneficiaries with preexisting CAD and incident breast, colorectal, or prostate 
cancer (N=12,096) were observed for 12 months before and after cancer diagnosis. Hospitalizations measured every 120 days were cat-
egorized into CAD-related hospitalization, other hospitalization, and no hospitalization. Medication adherence was categorized into 5 
mutually exclusive groups: adherent to both statins and ACEIs/ARBs/β-blockers (reference group), not adherent to both statins and ACEIs/
ARBs/β-blockers, adherent to either statins or ACEIs/ARBs/β-blockers, use of one medication class and adherent to that class, and use of one 
medication class and not adherent to that class. The relationship between medication adherence and hospitalization was analyzed using 
repeated measures multinomial logistic regressions. Inverse probability treatment weights were used to control for observed group dif-
ferences among medication adherence categories. Results: Adherence to both statins and ACEIs/ARBs/β-blockers was estimated at 31.2% 
during the 120-day period immediately following cancer diagnosis; 13.7% were not adherent to both medication classes during the same 
period, and 27.4% had CAD-related hospitalizations immediately after cancer diagnosis, which declined to 10.6% during the last 4 months 
of the postdiagnosis period. In the adjusted analyses, those not adherent to both statins and ACEIs/ARBs/β-blockers were more likely to 
have CAD-related hospitalization compared with those adherent to both medication classes (adjusted odds ratio, 1.82; 95% CI, 1.72–1.92; 
P<.0001). Conclusions: Given the complexity of interaction between CAD and cancer, it is important to routinely monitor medication adher-
ence in general clinical practice and to provide linkages to support services that can increase medication adherence.
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Coronary artery disease (CAD) remains the leading 
cause of hospitalization in the United States, although 
the rate of hospitalization for CAD has declined from 
77% in 2000 to 44% in 2010.1 This decline may be due 
to control of risk factors, including serum cholesterol 
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levels, hypertension, and smoking; increased adoption 
of evidence-based medication use and timeliness of di-
agnosis and treatment of patients with CAD have also 
contributed to the decline in hospitalizations.2,3 Ac-
cording to the Healthcare Cost and Utilization Project 
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(HCUP), CAD accounted for inpatient expendi-
tures of nearly $9.5 billion (2010).4 The per-capita 
hospital expenditures were estimated at $22,700 in 
2014, accounting for approximately 62% of total di-
rect healthcare expenditures,5,6 suggesting that hos-
pitalizations are the primary drivers of total direct 
medical care expenditures.

Existing evidence also suggests that individuals 
aged ≥65 years with incident cancer may be at risk 
for non–cancer-related hospitalizations. Although 
not specific to CAD-related hospitalizations, men 
with incident prostate cancer and cardiometabol-
ic conditions were more likely to experience hos-
pitalization in the period immediately after can-
cer diagnosis.7 The risk of first hospitalization for 
CAD increases during the 6 months after cancer 
diagnosis,8 perhaps due to cardiotoxicity associ-
ated with cancer treatments, such as radiothera-
py, chemotherapy, and hormone therapy.9–11 Some 
studies have reported an increased risk of cardio-
vascular events, complications, and mortality in 
women who were treated with radiotherapy12–14 or 
were exposed to cardiotoxic drugs (trastuzumab and 
anthracycline).15–17

Adherence to angiotensin-converting enzyme 
inhibitors (ACEIs), angiotensin II receptor block-
ers (ARBs), β-blockers, and statins have been shown 
to not only improve survival,18,19 but also to reduce 
the risk of CAD-related hospitalizations.18,20 Specifi-
cally, statins have been reported to reduce cancer-
specific mortality in those with breast, colorectal, 
and prostate cancers,21–24 suggesting that adherence 
to statins may be even more important for patients 
with cancer.

However, to date, no study has examined the re-
lationship between adherence to statins and ACEIs/
ARBs/β-blockers, and CAD-related hospitalizations 
in older individuals (age ≥65 years) with preexisting 
CAD and incident cancer. Because CAD is the most 
common preexisting condition among older adults 
(age ≥65 years) diagnosed with cancer,25–27 it is im-
portant to analyze the relationship between adher-
ence to both statins and ACEIs/ARBs/β-blockers, 
and CAD-related hospitalizations among patients 
with cancer. Therefore, we evaluated the relation-
ship between adherence to both statins and ACEIs/
ARBs/β-blockers, and CAD-related hospitalizations 
among elderly fee-for-service (FFS) Medicare ben-
eficiaries with preexisting CAD and incident breast, 

colorectal, or prostate cancer, after controlling for 
cardiotoxic cancer treatments and other risk factors 
that may affect CAD-related hospitalizations.

Patients and Methods
Conceptual Framework
This study adapted Andersen’s Behavioral Model of 
Health Services Utilization to select independent 
variables that may influence CAD-related hospital-
izations (health outcome).28,29 The sixth iteration of 
Andersen’s model posits that predisposing (eg, age, 
sex, race/ethnicity), enabling (eg, education, pover-
ty status), and need factors (eg, chronic conditions; 
cancer type, stage, and treatment; CAD severity), 
and external environment affect health behavior 
or healthcare use, which in turn affects health out-
comes. Because these factors affect both healthcare 
use and health outcomes, they were included as co-
variates in the analysis.

Study Design
The study used a retrospective observational longitu-
dinal cohort design with baseline (24–36 months be-
fore cancer diagnosis), prediagnosis (12 months be-
fore cancer diagnosis), and postdiagnosis (12 months 
after cancer diagnosis) periods.

Data Sources
Data were obtained from the SEER registries, Medi-
care claims, the American Community Survey 
(ACS), and the Area Health Resource Files (AHRF). 
The SEER program is an epidemiologic surveillance 
system consisting of population-based tumor regis-
tries that collects data on all incident cases of cancer 
that occur in persons residing in 18 SEER areas.30 The 
ACS census tract files provided information on the 
census tract poverty status,31 and the AHRF was used 
to derive county-level information.32

Study Population
Individuals with CAD were identified using a vali-
dated algorithm developed by the Centers for Medi-
care & Medicaid Services (CMS)33; the algorithm 
used ICD-9-CM codes. Individuals with at least 1 
inpatient or 2 outpatient claims (institutional out-
patient, physician office, and home health agency 
claims) with a primary or secondary diagnosis of 
CAD during the baseline period were classified as 
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having preexisting CAD. Individuals with incident 
cancer were identified from the SEER registry for the 
period between January 2008 and December 2011.

Other inclusion criteria were age ≥68 years at 
cancer diagnosis, no missing data for type and stage 
of cancer, alive with continuous FFS Medicare Parts 
A and B enrollment during the entire study period, 
continuous Part D enrollment during the prediagnosis 
and postdiagnosis period, no missing information on 
county, and having ≥2 prescriptions for either statins 
or ≥2 prescriptions for any one of the following medi-
cation types: ACEIs, ARBs, or β-blockers (Figure 1).

Measures

Dependent Variable: Any Hospitalization for CAD 
Events: The dependent variable was categorized 
into 3 mutually exclusive groups based on a hierar-
chy: any CAD-related hospitalization, other hospi-
talization, and no hospitalization. CAD-related hos-
pitalizations were defined as inpatient admissions for 
any cardiovascular event (heart attack, heart failure, 
angina, or stroke) and were identified from primary 
and secondary diagnoses using ICD-9-CM codes.34 
This measure was calculated every 120 days before 
cancer diagnosis and every 120 days during the post-
diagnosis period. A 120-day interval before cancer 
diagnosis was a baseline measurement to ensure that 

the change in hospitalization was associated with ad-
herence and not due to any other factors.

Key Independent Variable: Adherence to Statins, 
ACEIs/ARB/β-blockers: Adherence was calcu-
lated 120 days before cancer diagnosis and every 
120 days during the postdiagnosis period. A 120-
day interval before cancer diagnosis was a baseline 
measurement to account for change in adherence 
due to cancer diagnosis. Based on the type of drug 
regimen, individuals were classified into 5 mutu-
ally exclusive groups: adherent to both medication 
classes (statins and ACEIs/ARBs/β-blockers), not 
adherent to both medication classes, adherent to 
either medication class, use of one medication class 
and adherent, and use of one medication class and 
not adherent.

Medication classes were identified using the ge-
neric names in the Medicare Part D event files. Pro-
portion of days covered (PDC) was used to measure 
adherence and was calculated for those who filled at 
least 2 prescriptions for these medications. The PDC 
was calculated as:

Days of medication supplied during each  
time period (t0,t1,t2,t3) 

Days in each time period (120 days)

Figure 1. Schematic presentation of selection criteria for study cohort.
Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BB, β-blockers; CAD, coronary artery disease; 
HMO, Health Maintenance Organization.

Cancer cases from January 1, 2008 to December 31, 2011 

Primary/incident cancer only, not diagnosed at autopsy/death 

≥68 years of age at diagnosis date

Known stage of cancer 

No continuous HMO enrollment throughout study period 

Continuous Medicare Parts A and B enrollment during study period 

Continuous  Medicare Part D enrollment during study period 

CAD diagnosis within 24 month period, 12 months before index date 

Excluding those without ≥2 prescriptions for statins, ACEls, ARBs, BBs 

Breast Colorectal Prostate
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N=78,011
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N=5,746

N=4,985

N=12,096
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For those with a drug regimen, PDC includes 
days within a specific period when an individual is 
covered for both statins and β-blockers, ACEIs, or 
ARBs. PDC was dichotomized, wherein individuals 
with PDC ≥80% were considered as adherent.35

Other Independent Variables: Other independent 
variables included predisposing (age, sex, race/ethnic-
ity), enabling (census tract education level and pover-
ty status, marital status, Medicare Part D prescription 
drug coverage), need factors (chronic physical and 
mental health conditions, CAD severity, and cancer 
type, stage, and treatment), personal health practices 
(tobacco and alcohol use), healthcare use (visits to 
primary care/cardiologist), and external environment 
(SEER region, county metropolitan status, percent of 
cardiologists and oncologists in a county).

A proxy measure was used for CAD severity based 
on the CMS hierarchical condition category (HCC) 
classification system. Based on the CMS risk adjust-
ment model, each of the HCC codes for CAD was 
assigned a specific score based on the risk and sever-
ity,36 ranging from 0.231 to 0.349. Thus, higher scores 
represented more severe manifestations of CAD.

Statistical Analyses
Unadjusted subgroup differences in time-invariant 
characteristics between medication adherence cat-
egories were tested with chi-square statistics. Given 
that medication adherence was measured every 120 
days during the prediagnosis and postdiagnosis peri-
ods, each individual had 4 observations. These 4 ob-
servations were not independent; therefore, we ana-
lyzed the relationship between adherence categories 
and CAD-related hospitalizations using multinomial 
logistic regression for repeated measures. Marginal 
models (eg, population-averaged models) were select-
ed to describe changes in CAD-related hospitaliza-
tion given changes in adherence categories, while ac-
counting for nonindependence of observations within 
individuals.37

Inverse Probability Treatment Weight: As shown 
in supplemental eAppendix 1 (available online with 
this article at JNCCN.org), there were significant 
associations between medication adherence catego-
ries and for other independent variables. Therefore, 
we derived inverse probability treatment weights 
(IPTWs) to balance the independent variables us-
ing a multinomial logistic regression on medication 

adherence categories during the 120-day period im-
mediately after cancer diagnosis to take advantage of 
the availability of cancer-related variables (eg, stage, 
type, treatment). These IPTWs derived for each in-
dividual were then used as weights in CAD-related 
hospitalization analyses.

Results
Study Population Characteristics: Before and 
After IPTW Adjustment
Table 1 summarizes the study population characteris-
tics. The study population comprised 12,096 elderly 
FFS Medicare beneficiaries with preexisting CAD 
and incident cancer diagnosis. Table 2 summarizes 
the characteristics of the cohort by adherence to 
statins and/or ACEIs/ARBs/β-blockers before and 

Table 1. Selected Characteristics

Characteristics

Total Population

N %

Age, y

68–70 1,983 16.4

71–74 2,887 23.9

75–79 3,158 26.1

≥80 4,068 33.6

Race/Ethnicity

White 9,928 82.1

African American 1,013 8.4

Other 1,155 9.5

Cancer diagnosis

Women with breast cancer 4,007 33.1

Women with colorectal cancer 1,705 14.1

Men with colorectal cancer 1,399 11.6

Men with prostate cancer 4,985 41.2

Cancer stage

0/I 3,565 29.5

II 6,572 54.3

III/IV 1,959 16.2

Cancer treatment

Cardiotoxic 4,821 34.9

Non-cardiotoxic 6,668 48.3

None 2,322 16.8

SEER region

Northeast 2,749 22.7

South 2,977 24.6

North-Central 1,691 14.0

West 4,679 38.7

Index year

2008 2,966 24.5

2009 2,975 24.6

2010 2,992 24.7

2011 3,163 26.1

Based on 12,096 elderly fee-for-service Medicare beneficiaries with preexisting 
coronary artery disease and incident breast, colorectal, and prostate cancers 
between 2008 and 2011. Table includes time-invariant characteristics. 

http://www.jnccn.org/content/15/11/1351/suppl/DC1
http://www.jnccn.org/content/15/11/1351/suppl/DC1
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Table 2. Selected Characteristics by Adherence to Statins and/or ACEIs/ARBs/β-Blockers 

Characteristics

Before IPTW (%) After IPTW (Weighted %)

ADH  
2 Rxa

No ADH  
2 Rxb

ADH  
1 of 2 Rxc

ADH  
1 Rxd

No ADH  
1 Rxe Sigf

ADH  
2 Rxa

No ADH  
2 Rxb

 ADH  
1 of 2 Rxc

ADH  
1 Rxd

No ADH 1 
Rxe Sigf

Age, y *** NS

68–70 18.0 13.7 17.1 14.9 16.3   16.5 16.8 16.3 16.5 16.6

71–74 25.7 23.3 24.9 22.0 21.1   24.0 23.8 23.9 24.0 24.0

75–79 27.3 24.6 27.2 25.9 23.4   26.4 26.0 25.9 25.8 26.3

≥80 29.0 38.4 30.8 37.2 39.2   33.1 33.4 33.8 33.8 33.0

Race/Ethnicity *** NS

White 84.5 77.6 82.7 82.4 79.6   82.2 81.6 82.2 81.7 82.3

African American 6.4 10.8 7.6 8.8 11.2   8.4 8.4 8.2 8.5 8.5

Other 9.1 11.6 9.8 8.8 9.3   9.4 10.0 9.5 9.7 9.2

Medicare Part D coverage *** NS

Exceeded 5.6 2.7 3.9 3.4 2.4   4.1 4.3 4.0 4.1 3.8

Not reached 90.5 95.4 93.1 94.5 96.1   93.2 93.1 93.3 93.1 93.4

Reached 3.8 1.9 3.0 2.1 1.5   2.8 2.6 2.7 2.8 2.7

Cancer diagnosis categories *** NS

Women with breast cancer 33.8 23.3 32.5 41.6 31.2   34.0 33.5 33.2 33.5 33.5

Women with colorectal cancer 9.3 21.2 14.8 12.1 19.4   13.7 13.9 14.1 13.8 13.7

Men with colorectal cancer 9.5 19.0 11.0 7.9 14.6   11.3 11.4 11.4 11.7 11.4

Men with prostate cancer 47.4 36.5 41.7 38.4 34.8   41.0 41.3 41.3 41.0 41.3

Cancer stage *** NS

0/I 29.2 25.9 30.3 32.6 27.9   29.8 29.4 29.4 29.4 29.8

II 57.4 51.9 53.8 52.5 53.0   54.0 55.0 54.4 54.3 54.1

III/IV 13.4 22.1 15.8 14.9 19.1   16.2 15.6 16.2 16.3 16.1

Cancer treatment *** NS

Cardiotoxic 37.3 30.3 36.5 35.4 33.2   35.7 36.1 35.4 35.3 35.5

Non-cardiotoxic 16.8 14.7 16.7 16.7 16.0   16.5 16.8 16.3 16.5 16.2

None 45.9 55.0 46.8 47.8 50.9   47.9 47.1 48.3 48.2 48.3

Discordant PHCg *** NS

Yes 35.7 43.4 39.6 43.2 47.1   40.7 41.0 40.9 40.9 40.8

No 64.3 56.6 60.4 56.8 52.9   59.3 59.0 59.1 59.1 59.2

Concordant PHCh *** NS

Yes 96.6 95.8 96.3 93.8 91.5   95.2 95.4 95.2 95.3 95.1

No 3.4 4.2 3.7 6.2 8.5   4.8 4.6 4.8 4.7 4.9

Mental health condition * NS

Yes 11.9 18.8 14.1 14.6 20.5   15.0 14.3 14.9 15.0 14.8

No 88.1 81.2 85.9 85.4 79.5   85.0 85.7 85.1 85.0 85.2

Tobacco use ** NS

Yes 3.4 5.3 4.3 3.5 4.7   3.9 4.4 4.0 4.0 3.7

No 96.6 94.7 95.7 96.5 95.3   96.1 95.6 96.0 96.0 96.3

Alcohol use *** NS

Yes 0.8 1.1 0.9 1.0 2.2   0.9 1.0 1.1 1.0 0.9

No 99.2 98.9 99.1 99.0 97.8   99.1 99.0 98.9 99.0 99.1

Primary care visit *** NS

Yes 83.0 89.4 85.9 84.7 86.8   85.2 84.7 85.3 85.4 85.3

No 17.0 10.6 14.1 15.3 13.2   14.8 15.3 14.7 14.6 14.7

Cardiologist visit *** NS

Yes 68.1 73.2 71.1 59.6 64.5   66.8 67.6 67.2 67.4 66.7

No 31.9 26.8 28.9 40.4 35.5   33.2 32.4 32.8 32.6 33.3

SEER region * NS

Northeast 22.9 21.4 22.8 24.6 20.5   22.5 21.9 22.7 22.4 22.7

South 23.4 25.8 25.5 23.4 26.6   25.0 25.6 24.7 24.9 24.7

North-Central 14.8 13.1 13.8 14.4 12.3   13.9 13.6 13.9 13.8 14.3

West 38.8 39.7 37.9 37.6 40.5   38.6 38.9 38.7 39.0 38.4  

Based on 12,096 elderly FFS Medicare beneficiaries with preexisting CAD and incident breast, colorectal, or prostate cancer diagnosis. Weights were derived using the IPTW 
approach. 
Time-invariant characteristics included cancer diagnosis categories, age, race/ethnicity, concordant and discordant physical health conditions, SMI, SEER region. Time-variant 
characteristics included tobacco use, alcohol use, depression, anxiety, and routine follow-up with primary care physician and/or cardiologist, and Medicare Part D coverage.
Column percentages are reported.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ADH, adherence; ARBs, angiotensin II receptor blockers; CAD, coronary artery disease; FFS, fee-for-service; 
IPTW, inverse probability treatment weighting; NS, not significant; PHC, physical health condition; Rx, prescription; Sig, significance; SMI, serious mental illness.
aAdherent to both statins and ACEIs/ARBs/β-blockers.
bNot adherent to both statins and ACEIs/ARBs/β-blockers.
cAdherent to either statins or ACEIs/ARBs/β-blockers.
dUse of one medication class and adherent to that class.
eUse of one medication class and not adherent to that medication class.
fAsterisks represent significant differences in time-invariant patient-level characteristics based on chi-square tests. 
gConsisted of arthritis, asthma, chronic obstructive pulmonary disease, osteoporosis, dementia, HIV, and hepatitis. Mental health conditions included anxiety, depression, and 
SMI (schizophrenia, bipolar disorder, and psychoses).
hConsisted of diabetes, hyperlipidemia, hypertension, stroke, cardiac arrhythmia, and congestive heart failure. 
*.01≤P<.05;**.001≤P<.01;***P<.001.
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after IPTW adjustment; after IPTW adjustment, 
there were no significant differences among other 
independent variables.

Adherence to both statins and ACEIs/ARBs/β-
blockers was estimated at 31.2% during the 120-day 
period immediately after cancer diagnosis; 13.7% 
were not adherent to both medication classes during 
the same period. Supplemental eAppendix 2 sum-
marizes the CAD-related hospitalizations over time. 
The prevalence of CAD-related hospitalizations was 
27.4% during the 120-day period immediately after 
cancer diagnosis, which declined to 10.6% during 
the last 4 months of the postdiagnosis period.

Associations Between Adherence 
In unadjusted analyses (Table 3), patients not ad-
herent to both medication classes (odds ratio [OR], 
1.67; 95% CI, 1.58, 1.76; P<.0001) or those adherent 
to 1 (out of 2) medication class (OR, 1.22; 95% CI, 
1.15, 1.30; P<.0001) were more likely to have CAD-
related hospitalizations compared with those adher-
ent to both medication classes. However, those using 
and adherent to 1 medication class were significantly 
less likely to have CAD-related hospitalizations 
compared with those adherent to both medication 
classes (OR, 0.76; 95% CI, 0.66, 0.86; P<.0001).

The adjusted model controlled for time and all 
other independent variables (Table 3). Findings from 
the adjusted model were consistent with the unad-
justed model. For example, those adherent to both 
medication classes, those not adherent to both medi-
cation classes (adjusted OR [AOR], 1.82; 95% CI, 
1.72, 1.92; P<.0001) and those adherent to 1 (out of 
2) medication class (AOR, 1.26; 95% CI, 1.17, 1.34; 
P<.0001) were more likely to have CAD-related 
hospitalizations. In contrast to the unadjusted mod-
els, those using 1 medication class and not adherent 
(AOR, 1.20; 95% CI, 1.09, 1.31; P=.005) were more 
likely to have CAD-related hospitalizations.

Sensitivity Analyses 

Instrumental Variable Regression: Instrumental 
variable regression was used to control for unob-
served selection bias that can affect medication ad-
herence and the relationship between medication 
adherence categories and CAD hospitalizations. We 
selected the percentage of oncologists at the county 
level as an instrumental variable under the assump-
tion that the effect of oncologists on CAD-related 

hospitalization occurs only through medication ad-
herence categories. For this analysis, we dichoto-
mized adherence categories into adherent to both 
medications and other; CAD hospitalization was 
dichotomized into CAD-related hospitalizations and 
no CAD hospitalizations, including no CAD and 
other hospitalizations.

We found that the percent of oncologists at 
the county level was a strong and valid instrumen-
tal variable. The variable oncologists at the county 
level were significantly associated with medication 
adherence (OR, 4.27; 95% CI, 2.15, 8.47; P<.0001) 
and medication adherence was an endogenous vari-
able (Wald test, P<.0001). Results from instrumen-
tal variable regression revealed that Medicare benefi-
ciaries not adherent to 1 or both medication classes 
were more likely to have CAD-related hospitaliza-
tions compared with those who were adherent to 
both medication classes (β, 1.20; SE, 0.10; P<.0001).

Supplemental eAppendix 3 displays results from 
adjusted multinomial logistic regressions on CAD-
related hospitalization identified from primary diag-
nosis. Some similarities and differences were pres-
ent regarding hospitalizations identified from both 
primary and secondary diagnoses (primary analyses). 
These findings for hospitalizations identified from 
primary diagnosis were consistent with the primary 
analyses (adjusted model), except that no significant 
difference was observed in those using 1 medication 
class and adherent to that medication class compared 
with those adherent to both medication classes.

Associations Between Other Independent 
Variables and CAD Hospitalization
Supplemental eAppendix 4 displays results from ad-
justed generalized estimating equation models with 
IPTW on adherence for other independent variables. 
Other variables, such as cancer diagnosis categories, 
stage, and treatment were significantly associated 
with CAD-related hospitalization categories. 

Discussion
To the best of our knowledge, this is the first study 
to examine the association between adherence to 
statins and ACEIs/ARBs/β-blockers on CAD hos-
pitalizations in elderly FFS Medicare beneficiaries 
with preexisting CAD and incident cancer diagno-
sis. Consistent with the literature, our results sug-

http://www.jnccn.org/content/15/11/1351/suppl/DC1
http://www.jnccn.org/content/15/11/1351/suppl/DC1
http://www.jnccn.org/content/15/11/1351/suppl/DC1
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Table 3.  Analyses of Multinomial Logistic Regression Models With Repeated Measures on  
Hospitalization Categories

CAD-Related Hospitalization Other Hospitalization

Variables OR 95% CI Siga OR 95% CI Siga

Unadjusted analysisb

Medication adherence categories

No ADH 2 Rxc 1.67 (1.58, 1.76) *** 1.88 (1.75, 2.00) ***

ADH 1 of 2 Rxd 1.22 (1.15, 1.30) *** 1.36 (1.25, 1.46) ***

ADH 1 Rxe 0.76 (0.66, 0.86) *** 1.59 (1.48, 1.70) ***

No ADH 1 Rxf 1.05 (0.94, 1.15) 2.10 (1.99, 2.22) ***

ADH 2 Rxg Refh Refh

Cancer diagnosis categories

Women with breast cancer 1.15 (1.07, 1.23) *** 1.61 (1.52, 1.70) ***

Women with colorectal cancer 3.39 (3.31, 3.47) *** 4.23 (4.14, 4.32) ***

Men with colorectal cancer 3.60 (3.52, 3.68) *** 2.91 (2.80, 3.02) ***

Men with prostate cancer Refh Refh

Cancer stage

0/I 0.93 (0.87, 0.99) * 0.82 (0.77, 0.88) ***

III/IV 2.04 (1.97, 2.12) *** 2.31 (2.22, 2.40) ***

II Refh Refh

Cancer treatment

Cardiotoxic cancer treatment 1.30 (1.16, 1.44) *** 2.36 (2.16, 2.56) ***

None 0.88 (0.76, 1.00) * 1.11 (0.93, 1.29)

Non-cardiotoxic Refh Refh

Variables AOR 95% CI Sig AOR 95% CI Sig

Adjusted analysisb

Medication adherence categories

No ADH 2 Rxc 1.82 (1.72, 1.92) *** 2.00 (1.87, 2.13) ***

ADH 1 of 2 Rxd 1.26 (1.17, 1.34) *** 1.39 (1.28, 1.49) ***

ADH 1 Rxe 0.80 (0.70, 0.90) *** 1.65 (1.54, 1.76) ***

No ADH 1 Rxf 1.20 (1.09, 1.31) ** 2.34 (2.22, 2.46) ***

ADH 2 Rxg Refh Refh

Cancer diagnosis categories

Women with breast cancer 1.18 (1.08, 1.29) ** 1.59 (1.47, 1.71) ***

Women with colorectal cancer 3.31 (3.20, 3.42) *** 4.20 (4.07, 4.33) ***

Men with colorectal cancer 3.78 (3.67, 3.88) *** 2.80 (2.67, 2.93) ***

Men with prostate cancer Refh Refh

Cancer stage

0/I 0.65 (0.55, 0.74) *** 0.71 (0.60, 0.81) ***

III/IV 1.25 (1.15, 1.34) *** 1.37 (1.26, 1.47) ***

II Refh  Refh

Cancer treatment

Cardiotoxic 1.31 (1.14, 1.49) ** 2.14 (1.91, 2.37) ***

None 0.84 (0.69, 0.98) * 1.07 (0.86, 1.28)

Non-cardiotoxic Refh   Refh

Based on 12,096 elderly fee-for-service Medicare beneficiaries with preexisting CAD and incident breast, colorectal, or prostate cancer diagnosis. Weights were derived 
using the IPTW approach.
Adjusted model controlled for independent variables. Time-invariant characteristics included cancer diagnosis categories, age, race/ethnicity, poverty status, high school 
education, concordant and discordant physical health conditions, serious mental illness, SEER region, and county-level characteristics. Time-variant characteristics included 
tobacco use, alcohol use, depression, anxiety, and routine follow-up with primary care physician and/or cardiologist, and Medicare Part D coverage.
Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ADH, adherence; AOR, adjusted odds ratio; ARBs, angiotensin II receptor blockers; CAD, coronary artery 
disease; GEE, generalized estimating equations; IPTW, inverse probability treatment weighting; OR, odds ratio; Rx, prescription; Sig, significance.
aAsterisks represent significant differences in medication adherence groups, derived from multinomial logistic regression models with repeated measures. 
bORs are reported for unadjusted GEE model and AORs are reported for adjusted GEE model.
cNot adherent to both statins and ACEIs/ARBs/β-blockers.
dAdherent to either statins or ACEIs/ARBs/β-blockers.
eUse of one medication class and adherent to that class.
fUse of one medication class and not adherent to that medication class.
gAdherent to both statins and ACEIs/ARBs/β-blockers.
hReference group is patients with no hospitalization.
*.01 ≤P<.05; **.001≤P<.01; ***P<.001.
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gest that those adherent to both statins and ACEIs/
ARBs/β-blockers or nonadherent to either both or 
single medication classes were more likely to have 
CAD-related hospitalizations. Nonadherence to 
statins and ACEIs/ARBs/β-blockers has been re-
ported to have negative cardiovascular health con-
sequences, including cardiovascular events and hos-
pitalization.18,20,38

Counterintuitively, our study findings indicated 
that those using a single medication class and adher-
ent to that medication class were less likely to have 
CAD-related hospitalizations compared with those 
adherent to both medication classes. We speculate 
plausible reasons for this finding. We did not control 
for CAD severity with the “gold standard measure,” 
therefore, the lower likelihood of hospitalization by 
those with single medication class may partially re-
flect less-severe CAD. It is also plausible that indi-
viduals on a single class of medication may be ad-
hering to Life’s Simple 7 steps recommended by the 
American Heart Association: (1) managing blood 
pressure, (2) controlling cholesterol, (3) controlling 
blood sugar, (4) being active, (5) eating a healthy 
diet, (6) maintaining normal weight, and (7) not 
smoking.39 Unfortunately, none of these variables 
were available in our database. 

Consistent with findings from a previous study 
on patients diagnosed with prostate cancer,7 we ob-
served that CAD-related hospitalizations increased 
in the period immediately after cancer diagnosis for 
all medication adherence categories. It is possible 
that cardiotoxic cancer treatments increase the risk 
of CAD-related hospitalizations.9–11 Our study find-
ings showed that those receiving cardiotoxic cancer 
treatment were more likely to have CAD-related 
hospitalizations. 

A meta-analysis of clinical trials showed that 
the prophylactic use of β-blockers, ACEIs, ARBs, 
or statins reduced the risk of newly developed heart 
failure in patients administered anthracycline.40 
Our study findings revealed that the interaction ef-
fect between adherence to both medication classes 
and cardiotoxic cancer treatment was not statisti-
cally significant. It is possible that the established 
CAD diminishes the cardioprotective effect of these 
medications. In addition, the meta-analysis did not 
specifically focus on the elderly population and the 
specific cancers included in our study. Further stud-
ies with other characteristics, such as physical activ-

ity, complementary medicine, and polypharmacy, are 
needed to provide conclusive evidence on the lack of 
interaction between adherence and cardiotoxic can-
cer treatment. 

Clinical and Policy Implications
Both CAD and cancer are life-threatening condi-
tions and co-management of both conditions can be 
challenging. However, lack of effective management 
of CAD may not only increase related complications 
but also can have negative consequences on cancer 
prognosis. Current clinical practices recommend 
stabilizing preexisting CAD before initiating cancer 
treatment. For example, appropriate pharmacologic 
management (statins and β-blockers) of patients 
with preexisting CAD is recommended prior to can-
cer surgery.41 Given the complexity of interaction 
between CAD and cancer, it is important to routine-
ly monitor medication adherence in general clinical 
practice and provide linkages to support services that 
can increase medication adherence. This may war-
rant integration of cardiovascular care in elderly pa-
tients diagnosed with incident cancer. An example 
of integrated care is the cardio-oncology clinics that 
provide an interdisciplinary and integrative manage-
ment approach to patients with cardiovascular risks 
or conditions.42

It is possible that certain CAD-related hospi-
talizations in our study may be readmissions or pre-
ventable hospitalizations, which have policy im-
plications. The Hospital Readmissions Reduction 
Program, under the Affordable Care Act, provided 
CMS the authority to reduce payments to certain 
hospital readmissions that were deemed avoidable.43 
The emphasis was on Medicare readmissions related 
to heart failure, myocardial infarction, and pneumo-
nia. Reducing avoidable readmissions can enhance 
patient quality of care and lower healthcare spend-
ing. In addition, based on the Agency for Health-
care Research and Quality’s (AHRQ’s) prevention 
quality indicators, hospitalizations related to condi-
tions, such as angina without procedure and conges-
tive heart failure, are considered preventable hospi-
talizations with good outpatient care. Therefore, it is 
important to implement interventions for improving 
medication adherence and to have integrated care 
for patients with preexisting CAD and incident can-
cer diagnosis for reducing avoidable hospitalizations.
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Strengths and Limitations 
Our study findings need to be interpreted in the con-
text of its limitations. First, the study findings cannot 
be generalized to all Medicare beneficiaries because 
the study population is restricted to those aged ≥68 
years and with continuous enrollment in Medicare 
Parts A, B, and D. It must be noted that not all 
Medicare beneficiaries were enrolled in Part D plans. 
Further, the population was restricted to those with 
breast, colorectal, or prostate cancer and preexisting 
CAD. Second, we were not able to control for many 
other variables, such as lifestyle health behaviors, 
knowledge, attitude, preferences, and other factors 
that may affect adherence, as well as hospitaliza-
tions.44 However, we controlled for a comprehensive 
list of variables to examine multivariable associa-
tions. We used a proxy measure for CAD severity, 
which may not reflect the precise CAD severity in 
the population. Gold standards for measuring CAD 
severity, such as stress tests, are not available in the 
Medicare database. Third, the migration of patients 
in and out of SEER registry geographic catchment ar-
eas makes it difficult to measure outcomes dependent 
on long-term follow-up, which leads to undercount-
ing of the study population. Further, it is possible 
that CAD diagnosis may be undercoded or misclas-
sified in claims data, as these data are dependent on 
professional ICD coding. Therefore, CAD-related 
diagnosis and CAD-related hospitalizations may be 
underestimated. Fourth, the need factor is a social 
construct and comprises perceived and evaluated 
need in the Andersen model. Evaluated need is mea-
surable, whereas perceived need is partly determined 
by health beliefs. This study included “evaluated 
need” as it comprised measurable/objective factors 
that were available in the SEER-Medicare database. 

Lastly, we used prescription claims for measuring ad-
herence. Because the Part D file contains only filled 
prescriptions, it is not known whether the patients 
actually used the medications or adhered to their 
providers’ instructions.

Despite these limitations, our study adds to the 
nascent literature on cardio-oncology and has sev-
eral strengths. First, the current study included a 
large cohort of patients over a long period across a 
variety of providers and focused on real-world prac-
tice patterns. Second, the study used a robust repeat-
ed measure design. Third, the study used a variety 
of statistical methods to control for both observed 
and unobserved selection bias to ensure robustness 
of findings. 

Conclusions
Nonadherence to both statins and ACEIs/ARBs/β-
blockers can increase the risk other CAD-related 
hospitalizations in preexisting CAD and incident 
breast, colorectal, or prostate cancer. Both nonad-
herence and hospitalizations are affected by a mul-
titude of factors, comprising patient-related, clinical 
(disease- and therapy-related), socioeconomic, and 
healthcare system aspects. Understanding how and 
to what extent these factors affect nonadherence 
and hospitalization may shed light on the clinical 
practice and policy implementation. Our study in-
cluded a comprehensive list of factors; however, it is 
limited by the scope of the SEER-Medicare linked 
database. Future studies need to examine the role of 
patient-related factors (lifestyle health behaviors, 
knowledge, attitude, and preferences) that were not 
measured in this study so that strategies to improve 
adherence in this population can be developed.
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