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Abstract

Background: Studies have demonstrated that comorbidities compound the adverse influence of cancer on health-
related quality of life (HRQoL). Comorbidities adversely impact adherence to cancer treatment. Additionally,
adherence to medications for comorbidities is positively associated with HRQoL for various diseases. This study
used the Center for Disease Control and Prevention’s Healthy Days measure of HRQoL to explore the association
between HRQoL and adherence to comorbidity medication for elderly patients with cancer and at least one
comorbid condition.

Methods: We conducted a cross-sectional survey combined with retrospective claims data. Patients with metastatic
breast, lung or colorectal cancer were surveyed regarding their HRQoL, comorbidity medication adherence and
cancer-related symptoms. Patients reported the number of physical, mental and total unhealthy days in the prior
month. The Morisky Medication Adherence 8-point scale was differentiated into moderate/high (> 6) and low (≤ 6)
comorbidity medication adherence.

Results: Of the 1847 respondents, the mean age was 69.2 years, most were female (66.8%) and the majority of the
sample had Medicare coverage (88.2%). Low comorbidity medication adherence was associated with significantly
more total, mental and physical unhealthy days. Low comorbidity medication adherence was associated with the
presence of patient-reported cancer-related symptoms. Patients reporting low, as compared to moderate/high,
comorbidity medication adherence had 23.4% more unhealthy days in adjusted analysis, P = 0.007.

Conclusion: The positive association between low comorbidity medication adherence and the number of
unhealthy days suggests that addressing barriers to comorbidity medication adherence during cancer treatment
may be an avenue for improving or maintaining HRQoL for older patients with cancer and comorbid conditions.
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Background
Patients with cancer have high rates of comorbid condi-
tions, some of which may be age related [1, 2]. Nearly
70% of patients with cancer have one comorbid condi-
tion, and more than 30% of patients with cancer had
two or more comorbidities [2]. Studies have also demon-
strated that patients with cancer and comorbidities have
lower survival rates than patients with no other comor-
bidities [3–8]. Specifically, Jørgensen et al. (2012) [5]

found higher overall mortality rates in elderly patients
with lung, colorectal, and prostate cancer and higher co-
morbidity levels. The additional disease burden for pa-
tients with both cancer and other comorbidities is
compounded by the challenges of managing mainten-
ance pharmacologic treatment for these comorbidities
while simultaneously undergoing cancer treatment.
Higher levels of adherence to medications addressing co-

morbidities have been found to be predictive of better
health related quality of life (HRQoL) in other disease
states. For example, adherence to comorbidity medications
has been found to be predictive of improved medical
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outcomes for patients with diabetes [9]. Poor adherence to
medication has been identified as the key contributing fac-
tor to failed hypertension control [10]. For example,
Bansilal et al. (2016) [11] evaluated the association between
either partial medication adherence or nonadherence com-
pared to full adherence among patients hospitalized for a
myocardial infarction or atherosclerotic disease. Compared
to patients adherent to their medication, patients partially
adherent had a 19% increased risk of a major adverse car-
diovascular event and patients who were nonadherent had
a 27% increased risk of mortality. For patients with cancer,
studies of medication adherence have generally focused on
compliance to treatment, and have shown that comorbid
conditions reduce follow through with cancer treatment
[12]. Studies of the influence of adherence to comorbidity
medications and HRQoL for patients with cancer have
been lacking, and may provide an opportunity for improv-
ing patients’ HRQoL.
The Centers for Disease Control and Preventions

(CDC) Healthy Days measure is a tool for measuring
HRQoL. The core module of this simple yet compre-
hensive tool, which has been included in the Behav-
ioral Risk Factor Surveillance System since 1993,
includes four questions on general health, physical
unhealthy days, mental unhealthy days and activity
limitations [13]. Of particular interest and relevance,
the tool gives equal weight to physical and mental
health when assessing HRQoL. The Healthy Days
measure has been used in clinical, public health and
research settings, and has been correlated with dis-
ease progression and health outcomes [14–18]. The
Healthy Days measure has been compared to other
commonly used tools to assess HRQoL, including the
SF-36 [19] and the PROMIS Global Health Scale [20],
and has been shown to compare favorably to these
tools, while using fewer questions.
Given the positive relationship between adherence

to medications and HRQoL and the high prevalence
of comorbidities among patients with cancer, the pur-
pose of this study was to investigate the influence of
adherence to medications for comorbidities on
HRQoL for patients with cancer. Additionally, this
study sought to utilize a validated and parsimonious
measure of HRQoL in a cohort of patients with can-
cer. Specifically, this study evaluated the hypothesis
that the number of unhealthy days a patient with
metastatic cancer experiences would be adversely af-
fected by low adherence to comorbidity medication.
We further hypothesized that nonadherence to co-
morbidity medication would be associated with an in-
crease in cancer-related symptoms. The overarching
goal is to identify actionable opportunities to assess
and improve HRQoL for older patients with cancer
ad comorbid conditions.

Methods
Data source
The data for this study were obtained from a
cross-sectional survey of patients with metastatic cancer
merged with administrative claims data from Humana
Inc., a health and wellness company. The mailed survey
included validated patient-reported measures of HRQoL,
as well as other patient reported outcomes. The admin-
istrative claims data included enrollment, medical, and
pharmacy data. The research protocol was approved by
an independent institutional review board.

Patients
While a majority of patients enrolled in a Medicare Ad-
vantage plan, patients dually enrolled in Medicare and
Medicaid or enrolled in a commercial health plan were
considered for this study. Humana administers govern-
ment funded health insurance for the elderly (age 65 and
older) and patients with select disabilities through the
Medicare program and health insurance for the impo-
verished through the Medicaid program. Humana com-
mercial health plans are largely employer-sponsored
benefits. Adults (19–89 years) with metastatic breast,
lung, or colorectal cancer who received radiotherapy,
chemotherapy, or surgical treatment for their cancer be-
tween January 1, 2014 and March 31, 2015 (identifica-
tion period) were considered for inclusion in this study.
Metastatic status was defined as having two or more
International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) diagnostic codes for
metastatic disease (196.0×-196.1×, 196.3×-196.5×,
196.8×, 197.0×-197.3×, 197.xx, 198.xx) occurring on sep-
arate days, between 180 days prior to and up to 120 days
after the first treatment date. Primary cancers associated
with the metastatic codes were defined as two or more
primary cancer ICD-9-CM codes [breast (174.xx), colo-
rectal (153.xx, 154.xx), lung (162.2× – 162.9×, 163.xx)]
within a 2 year period, at least 30 days apart or 90 days
after the first metastatic code. The index date was de-
fined as the earlier of two independent ICD-9-CM codes
for chemotherapy or two independent codes for radio-
therapy, or one code for cancer-specific surgery accom-
panied by at least one code for radiotherapy or
chemotherapy within the identification period. If add-
itional primary cancers (defined as two separate diagno-
ses of a cancer other than the cancer types of interest)
were found in the pre-index period, the patient was ex-
cluded from the study.
The pre-index period was defined as 2 years prior to

the date of the metastatic disease diagnosis. The index
date was based on two qualifying claims for chemother-
apy, two qualifying claims for radiotherapy, or one code
for cancer-specific surgery accompanied by one claim
for radiotherapy or chemotherapy. Qualifying
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chemotherapy claims were based on National Compre-
hensive Cancer Network guideline recommended oncol-
ogy medications from either the medical or pharmacy
claims for the specific cancer type [19, 21, 22]. Treatment
had to have occurred within 90 days of survey administra-
tion to ascertain if the patient was currently undergoing
treatment at the time the survey was completed.
Patients were required to be enrolled in a Humana

health plan at the time the survey was administered and
for 2 years preceding the survey. Indication of one or
more pre-index comorbidities, for which maintenance
medications were likely to have been prescribed, was also
required for inclusion in the study. The qualifying comor-
bidities were identified in administrative claims data by
ICD-9-CM codes, and included, for example, cerebrovas-
cular disease, diabetes mellitus and depression. The full
list of qualifying comorbidities and their respective
ICD-9-CM codes can be found in Appendix 1.
The mailed survey was administered to 7432 eli-

gible patients with a completed survey returned by
32% (N = 2389) of recipients. Post-hoc exclusions
were applied for patients who indicated on the survey
that they had not received cancer treatment within
the prior 3 months, were not enrolled in a Humana
health plan at the time of survey completion or who
were deceased as of the date of survey administration,
since the survey may have been completed by a
household member or caregiver. The final study co-
hort was comprised of 524 patients with metastatic
colorectal cancer, 623 with metastatic lung cancer,
and 700 with metastatic breast cancer for a total of
1847 evaluable patients. The Healthy Days survey tool
was complete for 93.4% (n = 1780) of the survey re-
spondents and the comorbidity medication adherence
scale for 93.1% (n = 1720).

Measures
Patient-reported measures

Sociodemographic characteristics Sociodemographic
factors assessed for differences in comorbidity medication
adherence included: marital status, and living status, which
was classified as living alone versus living with others.

Healthy days HRQoL was evaluated using the four-item
Healthy Days Core Module (Appendix 2), developed by
the Centers for Disease Control and Prevention. Patients
were asked discrete questions to quantify the number of
days in the last 30 days that either their physical or men-
tal health was not good. Individually, these questions
provided the number of physical and mental unhealthy
days. The number of days is summed to a maximum of
30 to create a measure of the total number of unhealthy
days a patient has experienced in the last month. To

indicate those patients who had frequent health distress,
the total number of unhealthy days was dichotomized
with ≥14 total unhealthy days considered frequent un-
healthy days. This same cut-off was applied to the num-
ber of physical and mental unhealthy days. Patients also
rated their overall health as excellent, very good, good,
fair or poor, and indicated the number of days in the last
30 days that their physical or mental health kept them
from their usual activities.

Comorbidity medication adherence The Morisky
Medication Adherence Scale (MMAS, Appendix 3) was
used to ascertain patient-reported adherence to comor-
bidity medications [23]. The eight-item MMAS is typic-
ally used to assess adherence to a specific medication
and includes questions regarding the patient’s specific
adherence behaviors and knowledge regarding their pre-
scriptions. This measure was selected because of its abil-
ity to distinguish barriers to adherence as well as
medication consumption as compared to a claims-based
measure which can only assess medication fills. The
MMAS is strongly associated with claims-based mea-
sures of medication adherence [24]. In this survey, pa-
tients were asked to recall adherence to medications
related to the management of their comorbid conditions.
A summary score was calculated for each patient based
on the number of positive responses. The scores range
from zero to eight with low comorbidity medication ad-
herence defined as scores less than six and medium/high
comorbidity medication adherence defined as scores
greater than or equal to six [23].

Cancer-related symptoms Recognizing that symptoms
related to metastatic cancer and side-effects from cancer
treatment may not be adequately identified in claims data,
the survey captured patient-reported cancer-related symp-
toms and side-effects. This study considered cancer-related
symptoms as either manifestations of cancer or cancer
treatment collectively, acknowledging that the cause of the
symptom(s) is not always discernable, particularly to the
patient. Questions ascertaining cancer-related symptoms
were modeled after questions on the Medical Health Out-
comes Study (MHOS) [25] and captured the frequency of
symptoms as never, rarely, sometimes, often or always.
Cancer-related symptoms evaluated included pain, fatigue,
nausea/vomiting, diarrhea and shortness of breath. For
analysis, patient-reported symptoms rated as sometimes/
often/always were considered present and those rated as
never/rarely were considered absent.

Claims-based measures

Sociodemographic characteristics Sociodemographic
characteristics derived from claims data included: patient
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age, sex, race for patients with Medicare, and geographic
region based on the patient’s state of residence on the
index date. States were classified in regions based on
census classifications. Additionally, Medicare versus
commercial coverage, and dual eligibility (defined as
Medicare members who are also eligible for Medicaid)
were obtained from administrative claims enrollment
data. Dual-eligibility for both the Medicaid and Medicare
programs is suggestive of patient disability.

Comorbidities The level of patient comorbidity was eval-
uated for its relationship with the degree of comorbidity
medication adherence. This was measured using the
Deyo-Charlson Comorbidity Index (DCCI), a measure
that uses health insurance claims and 17 categories of co-
morbidity to calculate a score, ranging from zero to six,
that reflects the probability of one-year mortality [26]. In
this study, we considered comorbidity in the 6 months
prior to the index date; the Klabunde modification of the
DCCI was used since it includes comorbidities from both
the hospital and physician office settings [27]. Based on
the distribution of the data, comorbidity scores were di-
chotomized with low comorbidity level defined as a score
less than seven and moderate/high comorbidity level de-
fined as scores greater than or equal to seven. Individual
comorbidities used to calculate the DCCI with prevalence
of 10% or greater were reported separately.

Statistical analysis
The central tendency of continuous variables was reported
as means (standard deviation) for data approximating a
normal distribution and as medians [interquartile range]
for skewed data. Statistical significance was assessed for
categorical variables using chi-square tests, and t-tests for
continuous variables. The median number of unhealthy
days was compared by level of comorbidity medication ad-
herence using the Wilcoxon rank sum test.
A multivariable negative binomial regression model was

used to establish the association between low comorbidity
medication adherence and the number of unhealthy days.
Other covariates included in the model were: cancer type,
age, sex, comorbid depression, Medicare or commercial
insurance, and dual eligibility for Medicare and Medicaid.
A multivariable step-wise logistic regression was con-

structed to assess factors associated with low comorbidity
medication adherence. Covariates entered into the model
included age, sex, higher comorbidity level, frequent men-
tal unhealthy days, frequent physical unhealthy days,
Medicare or commercial insurance, patient-reported can-
cer symptoms, and comorbid conditions with at least 10%
prevalence in the study cohort. Results were reported as
odds ratios with 95% confidence limits. All analyses were
conducted using SAS Enterprise Guide version 7.1, with
an a priori alpha of 0.05 to establish statistical significance.

Results
Of 1847 eligible survey respondents, most were female
with a mean (standard deviation) age of 69.2 (9.2) years.
In a comparison of survey responders to non-responders,
several differences were noted. Responders were older
(69.7 vs. 68.3 years), and were more likely to be female
(66.8% vs. 63.2%, P = 0.006) and white (84.9% vs. 81.4%).
There was no difference by region or by level of comor-
bidity (Appendix 4).
Survey respondents predominantly resided in the

Southern region of the United States, aligning with the
geographic distribution of the Humana population
(Table 1). Medicare Advantage patients comprised 88.2%
of the respondents. Additionally, 11.8% were dually eli-
gible for Medicare Advantage and Medicaid. More than
half (57.2%) reported being married and 60.3% lived with
a spouse or significant other at the time of the survey.
Frequent overall unhealthy days were reported by 46.2%
of the respondents; frequent physically unhealthy days
by 34.9% of the survey respondents and frequent men-
tally unhealthy days were reported by 22.8% of the sur-
vey respondents.
Low adherence to comorbidity medication was re-

ported by 29.5% of patients (Table 1). Patients reporting
low comorbidity medication were younger, less fre-
quently covered by a Medicare Advantage health plan,
and had a lower comorbidity level than patients more
adherent to their comorbidity medications. There were
no differences in comorbidity medication adherence
levels by cancer type.
Overall, hypertension was the most common comor-

bidity (67.8%). A greater proportion of patients with low
comorbidity medication adherence had comorbid hyper-
tension than patients with moderate/high comorbidity
medication adherence. Anemia was the second most
prevalent comorbidity (29.6%), but did not differ by co-
morbidity medication adherence level. Diabetes was ob-
served in over a quarter of patients (27.2%), and was
observed less frequently for patients with low comorbid-
ity medication adherence as compared to patients with
moderate/high medication adherence. Overall, 76.0% of
patients had a high comorbidity level, based on the
DCCI. Patients with a higher comorbidity level were
more frequently moderately or highly adherent to their
comorbidity medication regimens.
In unadjusted analysis testing the relationship between

comorbidity medication adherence and HRQoL, low co-
morbidity medication adherence was found to be associ-
ated with significantly more total mental and physical
unhealthy days (Fig. 1). Patients with low comorbidity
medication adherence reported a median of 15 total un-
healthy days compared to 10 total unhealthy days for pa-
tients with moderate or high comorbidity medication
adherence (P < 0.05). Over half of patients with low
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Table 1 Demographics of survey respondents by level of comorbidity medication adherence

Overall N = 1847 Low Adherence n = 508 Moderate/ High Adherence n = 1212 P value

Cancer type, n (%)

Metastatic breast cancer 700 (37.9) 176 (34.7) 482 (39.8) 0.137

Metastatic colorectal cancer 524 (28.4) 153 (30.1) 336 (27.7)

Metastatic lung cancer 623 (33.7) 179 (35.2) 394 (32.5)

Demographic Characteristics

Age, years, mean [SD] 69.2 [9.20] 68.5 [9.88] 69.5 [8.68] 0.043

Sex female, n (%) 1233 (66.8) 324 (63.8) 827 (68.2) 0.073

Race/Ethnicity (Medicare only), n (%)

White 1379 (84.9) 373 (85.7) 910 (84) 0.767

Non-white 240 (13.0) 60 (11.8) 170 (14.0)

Unknown 5 (0.3) 2 (0.5) 3 (0.3)

Marital Status, n (%)

Married 1051 (57.2) 298 (59.1) 679 (56.3) 0.558

Divorced 268 (14.6) 71 (14.1) 180 (14.9)

Separated 24 (1.3) 6 (1.2) 15 (1.2)

Widowed 368 (20.0) 91 (18.1) 256 (21.2)

Living in a marriage-like relationship 49 (2.7) 17 (3.4) 28 (2.3)

Single, Never Married 77 (4.2) 21 (4.2) 49 (4.1)

Lives alone, n (%) 444 (24.0) 108 (21.3) 310 (25.6) 0.057

Geographic Region, n (%)

Northeast 29 (1.6) 9 (1.8) 16 (1.3) 0.432

Midwest 453 (24.5) 114 (22.4) 306 (25.2)

South 1220 (66.1) 340 (66.9) 801 (66.1)

West 145 (7.9) 45 (8.9) 89 (7.3)

Medicare Advantage (vs. Commercial), n (%) 1629 (88.2) 436 (85.8) 1087 (89.7) 0.022

Dual eligibility for Medicare and Medicaid 192 (11.8) 41 (9.4) 32 (12.5) 0.094

Clinical Characteristics

Comorbid conditions (pre-index), n (%)

Anemia 547 (29.6) 154 (30.3) 349 (28.8) 0.527

Anxiety 286 (15.5) 84 (16.5) 184 (15.2) 0.480

Ischemia 386 (20.9) 111 (21.9) 249 (20.5) 0.544

Cerebrovascular diseases 189 (10.2) 49 (9.6) 128 (10.6) 0.569

Depression 236 (128) 70 (13.8) 156 (12.9) 0.611

Hypertension 1253 (67.8) 310 (61) 877 (72.4) < 0.001

Renal disease including ESRD 306 (16.6) 90 (17.7) 192 (15.8) 0.338

Diabetes Mellitus 502 (27.2) 122 (24) 354 (29.2) 0.028

Pneumonia 189 (10.2) 56 (11) 113 (9.3) 0.280

Comorbidity Index, median [IQR] 8 [4.5] 8 [1] 0.002

High deyo Charlson comorbidity
score (score ≥ 7), n (%)

1404 (6.0) 368 (72.4) 944 (77.9) 0.015

Healthy Days

Frequent overall unhealthy days, n (%) 823 (46.2) 245 (52.8) 531 (44.1) 0.001

Frequent mental unhealthy days, n (%) 401 (22.8) 139 (30.3) 241 (20.2) < 0.001

Frequent physical unhealthy days, n (%) 614 (34.9) 179 (38.7) 399 (33.6) 0.049
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levels of comorbidity medication adherence had fre-
quent unhealthy days as compared to 44.1% for pa-
tients with moderate or high comorbidity medication
adherence (P = 0.001). Patients with low comorbidity
medication adherence reported both more frequent
mental and physical unhealthy days than patients with
moderate/high comorbidity medication adherence
(30.3% vs 20.2%, P < 0.001; 38.7% vs 33.6%, P = 0.049).
There was no difference in the patient-reported health
status by level of comorbidity medication adherence;
however, patients with low comorbidity medication
adherence more frequently reported their mental or
physical unhealthy days impeded their ability to per-
form their usual activities.
A significantly greater proportion of patients with low

comorbidity medication adherence reported experien-
cing pain, fatigue, nausea or vomiting, diarrhea or con-
stipation and shortness of breath in the prior 30 days
compared to patients with moderate/high comorbidity
medication adherence in unadjusted analysis (Fig. 2).
Evaluation of the association between low comorbidity

medication adherence and the number of unhealthy
days, using a binomial Poisson regression model, re-
vealed that patients reporting low comorbidity medica-
tion adherence had 23.4% more unhealthy days than
patients with moderate/high comorbidity medication ad-
herence controlling for other potentially confounding
factors (P = 0.007, Table 2).

Using a multivariable logistic regression model to deter-
mine factors associated with low comorbidity medication
adherence, a higher comorbidity index was the only factor
observed as protective against the odds of low comorbidity
medication adherence (Table 3). For patients with a high
comorbidity index, the odds of low comorbidity medica-
tion adherence were reduced by 32.0%. Furthermore, pa-
tients reporting frequent mental unhealthy days had an
84.7% increased odds of low adherence to medication for
their comorbidities. Some patient-reported cancer-related
symptoms increased the odds of low adherence to comor-
bidity medications. Patients reporting fatigue had a 50.0%
increased odds of low comorbidity adherence. Diarrhea or
constipation was associated with a 45.5% increased odds
and shortness of breath had a 39.9% increased odds of
non-adherence with comorbidity medications.

Discussion
In this study, we observed that low adherence to comor-
bidity medications was negatively associated with
HRQoL among mostly elderly patients with metastatic
breast, lung or colorectal cancer. In adjusted analyses,
patients with low comorbidity medication adherence ex-
perienced more than a 20% increase in unhealthy days
compared to patients with moderate or high comorbidity
medication adherence. A greater proportion of patients
with low comorbidity medication adherence reported
cancer-related symptoms or treatment side-effects as

Table 1 Demographics of survey respondents by level of comorbidity medication adherence (Continued)

Overall N = 1847 Low Adherence n = 508 Moderate/ High Adherence n = 1212 P value

Patient-reported excellent, very good
or good health, n (%)

993 (55.9) 243 (52.4) 678 (56.4) 0.138

Physical/mental health frequently
impeded activities, n (%)

518 (29.5) 161 (35.0) 329 (27.7) 0.004

Morisky Medication Adherence Score < 6 was defined as low comorbidity medication adherence
Morisky Medication Adherence Score = 6, 7 or 8 was defined as moderate/high medication adherence
Differences were assessed using a t-test for continuous variables and a chi-square test for categorical variables

Fig. 1 Median number of unhealthy days overall and by comorbidity medication adherence a (aAll differences were statistically significant at the
0.05 level using the Wilcoxon rank sum test)
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compared to patients who were more likely to be adher-
ent to their comorbidity medication regimens. These
symptoms, or treatment side-effects, could be related to
the cancer, cancer treatment, the comorbidity or comor-
bidity treatment, or some combination of these factors.
Medication adherence for concomitant diseases can be

particularly challenging for patients with cancer, and lack
of adherence can compound health issues resulting in
worsening of overall health [28]. This has been reported
by a number of studies that explored factors that influence
a patient’s level of adherence to medications for specific
comorbidities [29–32]. For example, prior work has
shown lower levels of adherence and persistence for medi-
cations for diabetes for women with breast cancer, as
compared to a matched cohort of women without breast
cancer; however, these differences were not observed for
hypertensive therapy or lipid-lowering medications among
the same population [32]. While this example compared
adherence to comorbidity medication in women with or
without breast cancer, in contrast, our study focused on
adherence to non-cancer medications in a metastatic can-
cer cohort.

This study advances understanding of how to assist
patients achieve higher HRQoL by demonstrating that
low adherence to comorbidity medication was associated
with worse HRQoL for patients with metastatic cancer.
In fact, patients with low comorbidity medication adher-
ence had five more unhealthy days over the course of a
month as compared to patients who were more adher-
ent. Our study is unique in its consideration of the
broad effect of adherence to comorbid medications for
patients undergoing cancer treatment.
We approached this study with the awareness that we

did not have insight into whether or not adherence to
medications for a specific comorbidity was different in the
presence of cancer treatment. A surprising finding in our
study was that patients with higher comorbidity levels were
more frequently moderately or highly adherent to their co-
morbidity medication regimens than were patients with
low comorbidity adherence levels. This may indicate that it
is not the number of comorbidities, but perhaps the sever-
ity or degree to which the comorbidity is controlled that
differentiates HRQoL. This relationship, though difficult to
ascertain in claims data, warrants further consideration.

Fig. 2 Patient-reported cancer-related symptoms by comorbidity medication adherence. Morisky Medication Adherence Score < 6 was defined as
low comorbidity medication adherence. Morisky Medication Adherence Score = 6, 7 or 8 was defined as moderate/high medication adherence.
All comparisons significant at the P < 0.001 level by chi-square test

Table 2 Association between low comorbidity medication adherence and the number of unhealthy days for patients with
metastatic breast, lung or colorectal cancer

Parameter Incidence rate ratio 95% Confidence interval P value

Breast cancer (compared to lung cancer) 0.813 0.676 0.978 0.028

Colorectal cancer (compared to lung cancer) 0.793 0.669 0.941 0.008

Age 0.898 0.782 1.033 0.132

Female 0.898 0.756 1.067 0.223

Low comorbidity medication adherence 1.234 1.059 1.439 0.007

Comorbid depression 1.551 1.315 1.830 < 0.001

High comorbidity index 0.963 0.819 1.132 0.647

Dual eligibility for Medicare and Medicaid 1.123 0.908 1.390 0.284

A negative binomial regression model was used to assess the association between low adherence to comorbidity medications and the number of unhealthy days
among patients with metastatic breast, colorectal cancer and lung cancer while controlling for other potentially confounding variables
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A factor that may help facilitate medication adherence
is the identification of polypharmacy in patients with
higher comorbidity levels, which can trigger referral to
resources, such as disease management and medication
adherence and reconciliation programs. This may sup-
port care coordination for other conditions while under-
going cancer treatment. If this assumption is correct,
one implication is that oncology management programs
may need to increase monitoring of patients with fewer,
or less severe, comorbidities to be sure that compliance
with medications for these comorbidities is not compro-
mised while patients undergo treatment for their cancer.
Or as noted by Santorellie et al., primary care coordin-
ation may be beneficial for patients with cancer [32].
Our study found an association between the presence of

cancer-related symptoms and low adherence to comorbid-
ity medication. Given the cross-sectional nature of this
study, it is not possible to ascertain a causal pathway in
the relationship. However, it is possible that patients are
not compliant with comorbidity medication regimens be-
cause their cancer-related symptoms impede compliance
or the comorbidity medications are contraindicated dur-
ing cancer treatment. It is possible that noncompliance
with comorbidity medication regimens may exacerbate
cancer-related symptoms or mitigate control of those
symptoms. Additional knowledge regarding the nature
and direction of this association could give providers in-
sights on how to encourage patient compliance with pre-
scribed comorbidity medications while undergoing cancer
treatment as a means of promoting or preserving HRQoL.

Limitations
This study was conducted in an elderly cohort of patient,
most of whom were insured through a Medicare Advan-
tage health plan. The findings of this study may not be
generalizable to younger or uninsured populations.
Though specific cancer-related measures of HRQoL

have been validated and used in other studies [33], the
Healthy Days measure was used in our study since the

two questions that comprise the measure of HRQoL can
be easily implemented in a clinical setting. The Healthy
Days tool has certain limitations that warrant mention. As
noted by Slabaugh et al., the Healthy Days survey ques-
tions were validated individually [34]. The use of both
physical and mental unhealthy days jointly, as an indica-
tion of total unhealthy days, has not been validated. Also,
in this study we capped total unhealthy days at 30. While
this constructed variable is often used, it does somewhat
prohibit our ability to distinguish patients with the worst
HRQoL. Also, because patients may have habituated to
their health status under ongoing cancer treatment, the
responses may subject to a positive response shift.
This study did not control for the timing between the as-

sessment of HRQoL and cancer treatment. Patients cur-
rently undergoing cancer treatment may have different
levels of cancer-related symptoms and adherence to comor-
bidity medication than patients who recently completed
treatment. Future studies should evaluate if there are differ-
ences in HRQoL for patients undergoing cancer treatment
as compared to patients who have recently completed
treatment. We expect that HRQoL fluctuates throughout
the course of diagnosis, treatment and following treatment.
This cross-sectional study did not explore variations in
HRQoL over the trajectory of patients’ cancer experience.
Also, our use of the MMAS to capture adherence to

medications for comorbidities in general, as opposed to
adherence for a specific medication, has not been vali-
dated. Previous studies have found the MMAS to be
highly correlated with medication adherence ascertained
via other methods (pharmacy and medical claims, dis-
pensing monitors) [23, 24], but it has not been validated
for medications used to treat comorbidities [23, 35].
additionally, it is possible that patients had varying levels
of adherence for different medications, and the use of a
single scale may have masked these differences. Another
limitation of the MMAS is that while the questions are
related to the frequency of forgetting to take medica-
tions or inconvenience associated with taking medica-
tions besides one question that asks if patients stopped

Table 3 Correlates of low comorbidity medication adherence for patients with metastatic breast, lung or colorectal cancer

Odds Ratio 95% Confidence Interval P value

High comorbidity index 0.679 0.489 0.942 0.021

Frequent mental unhealthy days 1.857 1.341 2.572 < 0.001

Patient-reported fatigue 1.495 1.012 2.20 0.041

Patient-reported diarrhea/constipation 1.455 1.070 1.978 0.003

Patient-reported shortness of breath 1.399 1.015 1.930 0.005

A step-wise logistic regression with P = 0.05 entry criteria and P = 0.05 to remain in the model was used to evaluate factors associated with low comorbidity
medication adherence among patients with metastatic breast, colorectal and lung cancer
Other variables considered in the model include cancer type, age, sex, anxiety, cardiovascular disease, chronic kidney disease, depression, endocrine disease,
gastrointestinal disease, hematologic disease, osteoarthritis, pulmonary disease, hypertension, diabetes mellitus, Medicare or commercial insurance, low income
subsidy, frequent physical unhealthy days, patient-reported pain, patient-reported fatigue and patient-reported nausea/vomiting
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taking the medication because of how it made them feel,
it does not question if there are deliberate reasons that a
patient has chosen to not take their medication. Specific-
ally, the questions do not ask the reasons for
non-compliance, such as a deliberate choice not to take
the medications because of symptoms, side effects, fi-
nancial limitations, other barriers or because the patient
made a conscious decision to not take their medication
in the face of contending with cancer.
Finally, though the questions used to assess patients’

cancer-related symptoms were constructed in alignment
with the format used in the MHOS, they have not been
validated.

Conclusion
The findings from this study suggest that HRQoL, as
measured by the CDCs Healthy Days measurement
tool, is worse for patients with metastatic cancer who
have a lower level of compliance to their comorbidity
medications. Our results suggest that increasing
patients’ level of comorbidity medication adherence,
perhaps by focusing on care coordination and/or
medication therapy management during cancer
treatment, or by consideration of comorbidities within
the context of oncology management, may be an
opportunity for improving or maintaining HRQoL for
older patients with metastatic cancer.

Appendix 1
Table 4 Baseline comorbidities and associated ICD-9-CM codes

Body system Disease Prevalent Chronic medications ICD-9-CM Codes

Cardiovascular

hypertension B-blockers, diuretics,
Ca-channel blockers,
ACE-I, ARBs

4011, 4019, 4010, 40,200, 40,201, 40,210, 40,211, 40,290, 40,291, 4030, 40,300,
40,301, 4031, 40,310, 40,311, 4039, 40,390, 40,391, 4040, 40,400, 40,401,
40,402, 40,403, 4041, 40,410, 40,411, 40,412, 40,413, 4049, 40,490, 40,491,
40,492, 40,493, 40,501, 40,509, 40,511, 40,519, 40,591, 40,599, 4372

coronary artery disease Aspirin, ranolazine, 4110, 4111, 4118, 41,181, 41,189, 412, 4130, 4131, 4139, 4140, 41,400,
41,401, 41,406, 4142, 4143, 4144, 4148, 4149, V4581, V4582

congestive heart failure B-blockers, diuretics,
Ca-channel blockers,
ACE-I, ARBs

39,891, 4280, 4281, 42,820, 42,821, 42,822, 42,823, 42,830, 42,831, 42,832,
42,833, 42,840, 42,841, 42,842, 42,843, 4289

atrial fibrillation B-blockers, warfarin,
Factor-X inhibitors

42,731, 42,732

Pulmonary

chronic obstructive
pulmonary disease

SABAs, LABAs, anticholinergics,
inhaled corticosteroids

490, 4910, 4911, 4912, 49,120, 49,121, 49,122, 4918, 4919, 4920, 4928, 494,
4940, 4941, 496

asthma SABA, inhaled corticosteroids,
anticholinergics

49,300, 49,301, 49,302, 49,310, 49,311, 49,312, 49,320, 49,321, 49,322, 49,381, 49,382,
49,390, 49,391, 49,392

Gastrointestinal

gastroesophageal
reflux disease

H-1 receptor blockers,
proton pump inhibitors

53,081

Hematologic

anemia Folic acid, Iron, B-12,
erythropoietin

2800, 2801, 2808, 2809, 2810, 2811, 2812, 2813, 2814, 2818, 2819, 2820,
2821, 2822, 2823, 2824, 28,240, 28,243, 28,244, 28,245, 28,246, 28,247, 28,249,
2827, 2828, 2829, 2830, 2831, 28,310, 28,311, 28,319, 2832, 2839, 2840,
28,401, 28,409, 2841, 28,412, 28,419, 2842, 2848, 28,481, 28,489, 2849, 2850,
28,521, 28,529, 2858, 2859, 2851

Endocrine/ metabolic

hypothyroidism Levothyroxine, liothyronine 2449

diabetes mellitus,
type 2

Oral antidiabetic
medications, insulin

24,900, 25,000, 25,001, 7902, 79,021, 79,022, 79,029, 7915, 7916, V4585,
V5391, V6546, 24,901, 24,910, 24,911, 24,920, 24,921, 24,930, 24,931, 24,940,
24,941, 24,950, 24,951, 24,960, 24,961, 24,970, 24,971, 24,980, 24,981, 24,990,
24,991, 25,002, 25,003, 25,010, 25,011, 25,012, 25,013, 25,020, 25,021, 25,022,
25,023, 25,030, 25,031, 25,032, 25,033, 25,040, 25,041, 25,042, 25,043, 25,050,
25,051, 25,052, 25,053, 25,060, 25,061, 25,062, 25,063, 25,070, 25,071, 25,072,
25,073, 25,080, 25,081, 25,082, 25,083, 25,090, 25,091, 25,092, 25,093

Hyperlipidemia,
dyslipidemia,
hypercholesterolemia

Statins, fibrates, niacin,
cholystyramine

2720, 2721, 2722, 2723, 2724, 2720, 2721, 2722, 2723, 2724
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Table 4 Baseline comorbidities and associated ICD-9-CM codes (Continued)

Body system Disease Prevalent Chronic medications ICD-9-CM Codes

Allergy/ rheumatology

allergic rhinitis Intranasal corticosteroids,
H1- blockers

4772, 4778, 4779

Genitourinary

chronic kidney disease ACE-I, ARBs 585, 5851, 5852, 5853, 5854, 5855, 5856, 5859, 7925, V420, V451, V4511,
V4512, V560, V561, V562, V5631, V5632, V568

Neurologic

seizure disorder Anti-epileptic medication 3450, 34,500, 34,501, 3451, 34,510, 34,511, 3452, 3453, 3454, 34,540, 34,541, 3455,
34,550, 34,551, 3456, 34,560, 34,561, 3457, 34,570, 34,571, 3458, 34,580, 34,581,
3459, 34,590, 34,591, 7803, 78,031, 78,032, 78,033, 78,039

Psychiatric

depression SSRi, tricyclic antidepressants 311

anxiety SSRi, tricyclic antidepressants,
benzodiazepines

29,384, 30,000, 30,001, 30,002, 30,009, 30,010, 30,020, 30,021, 30,022, 30,023,
30,029, 3003, 3005, 30,089, 3009, 3080, 3081, 3082, 3083, 3084, 3089

Musculoskeletal

osteoarthritis APAP, NSAIDS, opioids 71,500, 71,504, 71,509, 71,510, 71,511, 71,512, 71,513, 71,514, 71,515, 71,516, 71,517,
71,518, 71,520, 71,521, 71,522, 71,523, 71,524, 71,525, 71,526, 71,527, 71,528, 71,530,
71,531, 71,532, 71,533, 71,534, 71,535, 71,536, 71,537, 71,538, 71,580, 71,589, 71,590,
71,591, 71,592, 71,593, 71,594, 71,595, 71,596, 71,597, 71,598, V134

Appendix 2
Table 5 Healthy Days Survey
Question Response options

1. Would you say your general health is Excellent
Very good
Good
Fair
Poor

2. Now thinking about your physical health, which includes physical illness and injury,
for how many days during the past 30 days was your physical health not good?

Number of days

3. Now thinking about your mental health, which includes stress, depression, and problems with emotions,
for how many days during the past 30 days was your mental health not good?

Number of days

4. During the past 30 days, for about how many days did poor physical or mental health keep you from doing
your usual activities, such as self-care, work, or recreation?

Number of days

Appendix 3
Table 6 Morisky Medication Adherence Scale
Question Response options

1. Do you sometimes forget to take your medications? Yes/No

2. People sometimes miss taking their medications for reasons other than forgetting. Over the past two weeks,
were there any
days when you did not take your medicine?

Yes/No

3. Have you ever cut back or stopped taking your medication without telling your doctor, because you felt
worse when you took it?

Yes/No

4. When you travel or leave home, do you sometimes forget to bring your medication? Yes/No

5. When you feel like your health conditions are under control, do you sometimes stop taking your medicine? Yes/No

6. Taking medication every day is a real inconvenience for some people. Do you ever feel hassled about sticking
to your treatment plan?

Yes/No

7. Did you take all your medicine yesterday? Yes/No

8. How often do you have difficulty remembering to take all of your medications? Never/rarely
Once in a while
Sometimes
Usually
All of the time

Use of the ©MMAS-8 is protected by US copyright laws. Permission for use is required. A licensure agreement is available from: Donald E. Morisky, ScD, ScM,
MSPH, Professor, Department of Community Health Sciences, UCLA School of Public Health, 650 E.Young Drive, South, Los Angeles, CA 90095–1772
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Appendix 4
Table 7 Comparison of survey responders and non-responders

Demographic Characteristics Overall N = 7435 Non-responders n = 5538 (75.2%) Responders n = 1847 (25.8%) P value

Cancer type, n(%)

Breast cancer 2425 (32.6) 1725 (30.9) 700 (37.9) < 0.001

Colorectal cancer 2109 (28.4) 1585 (28.4) 524 (28.4)

Lung cancer 2901 (39) 2278 (40.8) 623 (33.7)

Age, years (Mean, SD) 68.6+/−9.46 68.3+/−9.67 69.7+/−8.63 < 0.001

Gender (1 = female) 4768 (64.1) 3534 (63.2) 1234 (66.8) 0.006

Race/Ethnicity (Medicare only)

White 5264 (82.3) 3885 (81.4) 1379 (84.9) 0.006

Black 918 (14.4) 717 (15) 201 (12.4) .

Other 213 (3.3) 169 (3.5) 44 (2.7) .

Geographic Region

Northeast 108 (1.5) 79 (1.4) 29 (1.6) 0.326

Midwest 1759 (23.7) 1306 (23.4) 453 (24.5)

South 5033 (67.7) 3813 (68.2) 1220 (66.1)

West 535 (7.2) 390 (7) 145 (7.9)

Plan Type = Medicare Advantage (vs. Commercial) 6380 (85.8) 4761 (85.2) 1619 (87.7) 0.009

Dual Eligible 937 (14.7) 745 (15.6) 192 (11.8) < 0.001

Clinical Characteristics

Comorbidity Index 7.66+/−3.24 7.66+/−3.28 7.68+/−3.13 0.834

Comorbid conditions (pre-index)

Anemia 2302 (31) 1755 (31.4) 547 (29.6) 0.149

Anxiety 1294 (17.4) 1008 (18) 286 (15.5) 0.012

Autoimmune disorders 590 (7.9) 445 (8.0) 145 (7.9) 0.876

Ischemia 1616 (21.7) 1230 (22) 386 (20.9) 0.315

Cardiac diseases 29 (0.4) 24 (0.4) 5 (0.3) 0.343

Cerebrovascular diseases 864 (11.6) 675 (12.1) 189 (10.2) 0.032

Depression 1079 (14.5) 843 (15.1) 236 (12.8) 0.015

Hypertension 5023 (67.6) 3770 (67.5) 1253 (67.8) 0.766

Liver diseases 38 (0.5) 28 (0.5) 10 (0.5) 0.833

Pulmonary disease 229 (3.1) 169 (3) 60 (3.2) 0.629

Renal disease including ESRD 1264 (17) 958 (17.1) 306 (16.6) 0.568

Rheumatoid arthritis 214 (2.9) 166 (3) 48 (2.6) 0.407

Diabetes Mellitus 2210 (29.7) 1708 (30.6) 502 (27.2) 0.006

Pneumonia 859 (11.6) 670 (12.0) 189 (10.2) 0.041

Osteoporosis 577 (7.8) 430 (7.7) 147 (8.0) 0.713

Drzayich Antol et al. Journal of Patient-Reported Outcomes  (2018) 2:29 Page 11 of 12



Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Louisville, Kentucky, USA. 2South San Francisco, California, USA. 3Humana
Inc, Louisville, Kentucky, USA.

Received: 10 December 2017 Accepted: 22 June 2018

References
1. Yancik, R., Ganz, P. A., Varricchio, C. G., & Conley, B. (2001). Perspectives on

comorbidity and cancer in older patients: Approaches to expand the
knowledge base. Journal of Clinical Oncology, 19(4), 1147–1151.

2. Ogle, K. S., Swanson, G. M., Woods, N., & Azzouz, F. (2000). Cancer and
comorbidity. Cancer, 88(3), 653–663.

3. Land, L. H., Dalton, S. O., Jensen, M. B., & Ewertz, M. (2012). Influence of
comorbidity on the effect of adjuvant treatment and age in patients with
early-stage breast cancer. British Journal of Cancer, 107(11), 1901–1907.

4. Sarfati, D., Hill, S., Blakely, T., et al. (2009). The effect of comorbidity on the
use of adjuvant chemotherapy and survival from colon cancer: a
retrospective cohort study. BMC Cancer, 9, 116–116.

5. Jørgensen, T. L., Hallas, J., Friis, S., & Herrstedt, J. (2012). Comorbidity in
elderly cancer patients in relation to overall and cancer-specific mortality.
British Journal of Cancer, 106(7), 1353–1360.

6. Patnaik, J. L., Byers, T., Diguiseppi, C., Denberg, T. D., & Dabelea, D. (2011). The
influence of comorbidities on overall survival among older women diagnosed
with breast cancer. Journal of the National Cancer Institute, 103(14), 1101–1111.

7. Tammemagi, C. M., Neslund-Dudas, C., Simoff, M., & Kvale, P. (2003). Impact
of comorbidity on lung cancer survival. International Journal of Cancer,
103(6), 792–802.

8. van Eeghen, E. E., Bakker, S. D., van Bochove, A., & Loffeld, R. J. L. F. (2015).
Impact of age and comorbidity on survival in colorectal cancer. Journal of
Gastrointestinal Oncology, 6(6), 605–613.

9. Kirkman, M. S., Rowan-Martin, M. T., Levin, R., et al. (2015). Determinants of
adherence to diabetes medications: findings from a large pharmacy claims
database. Diabetes Care, 38(4), 604–609.

10. World Health Organization. Adherence to long-term therapies: evidence for
action. 2003. Available from: http://www.who.int/chp/knowledge/
publications/adherence_full_report.pdf. [Accessed 14 March 2017].

11. Bansilal, S., Castellano, J. M., Garrido, E., et al. (2016). Assessing the impact of
medication adherence on long-term cardiovascular outcomes. Journal of
the American College of Cardiology (JACC), 68(8), 789–801.

12. Søgaard, M., Thomsen, R. W., Bossen, K. S., Sørensen, H. T., & Nørgaard, M.
(2013). The impact of comorbidity on cancer survival: A review. Clinical
Epidemiology, 5(Suppl 1), 3–29.

13. Sarfati, D., Koczwara, B., & Jackson, C. (2016). The impact of comorbidity on
cancer and its treatment. CA: a Cancer Journal for Clinicians, 66(4), 337–350.

14. Brown, D. S., Thompson, W. W., Zack, M. M., Arnold, S. E., & Barile, J. P. (2015).
Associations between health-related quality of life and mortality in older
adults. Prevention Science, 16(1), 21–30.

15. Brown, D. R., Carroll, D. D., Workman, L. M., Carlson, S. A., & Brown, D. W.
(2014). Physical activity and health-related quality of life: US adults with and
without limitations. Quality of Life Research, 23(10), 2673–2680.

16. Havens, E., Slabaugh, S. L., Helmick, C. G., et al. (2017). Comorbid
arthritis is associated with lower health-related quality of life in older
adults with other chronic conditions, United States, 2013–2014.
Preventing Chronic Disease, 14, E60.

17. Schwartz, C. E., Michael, W., & Rapkin, B. D. (2017). Resilience to health
challenges is related to different ways of thinking: mediators of physical and
emotional quality of life in a heterogeneous rare-disease cohort. Quality of
Life Research: an International Journal of Quality of Life Aspects of Treatment,
Care and Rehabilitation, 26, 3075.

18. Cordier, T., Slabaugh, S. L., Havens, E., et al. (2017). A health plan's
investigation of healthy days and chronic conditions. The American Journal
of Managed Care, 23(10), e323–e330.

19. Barile, J. P., Horner-Johnson, W., Krahn, G., et al. (2016). Measurement
characteristics for two health-related quality of life measures in older adults:
The SF-36 and the CDC healthy days items. Disability and Health Journal,
9(4), 567–574.

20. Barile, J. P., Reeve, B. B., Smith, A. W., et al. (2013). Monitoring population
health for healthy people 2020: Evaluation of the NIH PROMIS® Global
Health, CDC healthy days, and satisfaction with life instruments. Quality of
Life Research, 22(6), 1201–1211.

21. Grenard, J. L., Munjas, B. A., Adams, J. L., et al. (2011). Depression and
medication adherence in the treatment of chronic diseases in the United
States: a meta-analysis. Journal of General Internal Medicine, 26(10), 1175–1182.

22. Manning, M., & Bettencourt, B. A. (2011). Depression and medication
adherence among breast cancer survivors: Bridging the gap with the theory
of planned behaviour. Psychology & Health, 26(9), 1173–1187.

23. Morisky, D. E., Ang, A., Krousel-Wood, M., & Ward, H. J. (2008). Predictive
validity of a medication adherence measure in an outpatient setting.
Journal Of Clinical Hypertension (Greenwich, Conn), 10(5), 348–354.

24. Krousel-Wood, M., Islam, T., Webber, L. S., Re, R., Morisky, D. E., & Muntner, P.
(2009). New medication adherence scale versus pharmacy fill rates in
hypertensive seniors. The American Journal of Managed Care, 15(1), 59–66.

25. Jones, N., Jones, S. L., & Miller, N. A. (2004). The Medicare health outcomes
survey program: Overview, context, and near-term prospects. Health and
Quality of Life Outcomes, 2(1), 33.

26. Deyo, R. A., Cherkin, D. C., & Ciol, M. A. (1992). Adapting a clinical
comorbidity index for use with ICD-9-CM administrative databases. Journal
of Clinical Epidemiology, 45(6), 613–619.

27. Klabunde, C. N., Potosky, A. L., Legler, J. M., & Warren, J. L. (2000).
Development of a comorbidity index using physician claims data. Journal of
Clinical Epidemiology, 53(12), 1258–1267.

28. Brown, M. T., Bussell, J., Dutta, S., Davis, K., Strong, S., & Mathew, S. (Apr
2016). Medication adherence: Truth and consequences. The American
Journal of the Medical Sciences, 351(4), 387–399.

29. Yang, Y., Thumula, V., Pace, P. F., Banahan, B. F., Wilkin, N. E., & Lobb, W. B.
(2009). Predictors of medication nonadherence among patients with
diabetes in medicare part D programs: a retrospective cohort study. Clinical
Therapeutics, 31(10), 2178–2188.

30. Curkendall, S. M., Thomas, N., Bell, K. F., Juneau, P. L., & Weiss, A. J. (2013).
Predictors of medication adherence in patients with type 2 diabetes
mellitus. Current Medical Research and Opinion, 29(10), 1275–1286.

31. Mathes, T., Pieper, D., Antoine, S. L., & Eikermann, M. (2014). Adherence
influencing factors in patients taking oral anticancer agents: a systematic
review. Cancer Epidemiology, 38(3), 214–226.

32. Santorelli, M. L., Steinberg, M. B., Hirshfield, K. M., et al. (2016). Effects of
breast cancer on chronic disease medication adherence among older
women. Pharmacoepidemiology and Drug Safety, 25(8), 898–907.

33. Aaronson, N. K., Ahmedzai, S., Bergman, B., et al. (1993). The European
Organization for Research and Treatment of Cancer QLQ-C30: a quality-of-
life instrument for use in international clinical trials in oncology. JNCI:
Journal of the National Cancer Institute, 85(5), 365–376.

34. Slabaugh, S. L., Shah, M., Zack, M., Happe, L., Cordier, T., Havens E., Davidson,
E., Miao, Mi., Prewitt, T., Jia, H. (2017) Leveraging health-related quality of life
in population health management: the case for healthy days. Population
Health Management, 20:1, 13–22.

35. National Comprehensive Cancer Network. NCCN guidelines for the treatent
of cancer by site. Available at: http://www.nccn.org/professionals/physician_
gls/f_guidelines.asp. Accessed 14 Mar 2017.

Drzayich Antol et al. Journal of Patient-Reported Outcomes  (2018) 2:29 Page 12 of 12

http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf
http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data source
	Patients
	Measures
	Patient-reported measures
	Claims-based measures

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	show [App1]
	show [App3]
	Funding
	Availability of data and materials
	Authors’ contributions
	show [App4]
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

