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Abstract
Background Medication non-adherence is a significant
contributor to suboptimal control of blood pressure and
lipids.
Purpose This study determined if having a paid and/or
family caregiver was associated with medication adherence
in patients hospitalized for cardiovascular disease.
Methods Consecutive patients admitted to the cardiovascu-
lar service at a university medical center who completed a
standardized questionnaire about medication adherence and
caregiving (paid/professional or family member/friend)
were included in this analysis (N=1,432; 63 % white;
63%male).
Results Among cardiac patients, 39 % reported being pre-
scribed ≥7 different medications, and one in four reported
being non-adherent to their medication(s). Participants who
reported having/planning to have a paid caregiver were
40 % less likely to be non-adherent to their medications
compared to their counterparts. The association remained
significant after adjustment for demographic confounders
and comorbid conditions (OR=0.49; 95 %CI=0.29–0.82).
Conclusion Cardiac patients with a paid caregiver were half
as likely to be non-adherent to medications as those without
caregivers.
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Introduction

Cardiovascular disease (CVD) remains the leading cause of
death and health care expenditures in the USA [1]. Non-
adherence to CVD preventive medications has been associated
with a significant increase in risk for all-cause mortality, CVD
mortality, hospitalization for myocardial infarction and/or heart
failure, and coronary revascularization procedures [2]. Cardio-
vascular rehospitalizations have been shown to be 12–26 %
higher among patients who were non-adherent to their statin
medications [3]. Only 36 % of chronic coronary artery disease
patients, and 40 % of acute coronary syndrome patients, were
shown to be adherent to statin therapy after 2 years [4]. A study
of community-dwelling patients with heart failure revealed that
over half took at least one medication three times per day, and
13–20 % of patients demonstrated poor adherence to their heart
failure medications [5]. Rates of medication non-adherence as
high as 57 % have been documented in Medicare beneficiaries
with heart failure [6]. These data document that medication non-
adherence is highly prevalent and a major contributor to CVD
morbidity and mortality, suggesting that novel evidence-based
strategies to increase adherence to medications are needed.

Cardiac patients often rely on assistance from paid or
non-paid/informal caregivers (such as family or friends)
to help care for them after hospital discharge and sup-
port them with daily tasks such as taking medications.
In one of the first systematic studies of patterns of
caregiving among hospitalized cardiac patients, we
showed that over half of 4,500 patients admitted to a
CVD service in a major academic medical center
reported access to a caregiver [7]. We also documented
that family cardiac caregivers assisted patients with
tasks such as tracking/administering medications, nutri-
tion (grocery shopping/meal preparation), and medical

Grant Information: This study was funded by a research grant from the
National Heart, Lung, and Blood Institute (2RO1HL075101) to Prin-
cipal Investigator, Dr. Lori Mosca. Dr. Brooke Aggarwal is supported
by a research grant from the National Center for Advancing Transla-
tional Sciences (UL1 TR000040), formerly the National Center for
Research Resources (UL1 RR024156).

B. Aggarwal :M. Liao : L. Mosca
Columbia University Medical Center/New York-Presbyterian
Hospital, New York, NY, USA

L. Mosca (*)
Columbia University Medical Center,
51 Audubon Avenue, Suite 505,
New York, NY 10032, USA
e-mail: ljm10@columbia.edu

ann. behav. med. (2013) 46:237–242
DOI 10.1007/s12160-013-9492-8



follow-up (transport to/arranging doctor visits) [7].
Others have shown that medication-related tasks account
for at least 8 % of total caregiving time [8]. Family
caregivers could potentially provide a unique and low-
cost opportunity to improve adherence to evidence-
based preventive therapies, yet few data have evaluated
if access to a caregiver is associated with adherence to
medications among cardiac patients.

The purpose of the present study was to determine if
having a paid and/or family (non-paid) caregiver was
associated with adherence to medications among pa-
tients at the time of hospitalization for CVD, and to
assess if the relation varied according to gender and
racial/ethnic minority status to evaluate potential inter-
actions. A secondary aim was to evaluate additional
predictors of adherence to medication among hospital-
ized cardiac patients.

Methods

The National Heart, Lung, & Blood Institute-sponsored
Family Cardiac Caregiver Investigation To Evaluate
Outcomes Study was a prospective study designed to
evaluate patterns of caregiving among cardiac patients
and its association with clinical outcomes of patients
hospitalized with CVD [9]. Participants were asked to
complete a standardized questionnaire in English or
Spanish regarding caregiving (93 % enrollment rate).
Consecutive patients admitted to the CVD service (car-
diology and cardiac surgery) at Columbia University
Medical Center/New York Presbyterian Hospital
(CUMC/NYPH) between May and September 2010,
who also completed questions about their adherence to
medications, were included in this cross-sectional base-
line analysis (N=1,432).

The baseline characteristics and patterns of caregiving
of the target population have been published previously
[9]. Briefly, hospital admission logs were reviewed daily
to identify patients admitted to the CVD service, and
trained bilingual research staff systematically distributed
surveys to potential participants to assess caregiver sta-
tus and medication adherence. The study was approved
by the Institutional Review Board of CUMC.

Caregiving and Medication Adherence Assessment

The definition of caregiving was adapted from the re-
port of the National Alliance of Caregiving and AARP
[10]. A caregiver was defined as (1) a paid professional
(e.g., nurse/home aide) or (2) a family caregiver (non-
paid), who assists the patient with medical and/or pre-
ventive care. Patients who reported having or planning

to have both paid and informal caregivers [n=37, (3 %)]
were categorized as having a paid caregiver.

Participants were systematically queried by standard-
ized and validated questions as used in our prior re-
search [11, 12]. Two simple validated questions that
have been highly correlated with pill counts were used:
“Have you missed any pills in the past week?,” and if
participants answered yes, they were then asked “how
many pills they have missed in the past week?”[12].
Non-adherence to medication was defined as missing
one or more pills/doses during a typical week in the
past 6 months. Participants were also asked to report the
number of different medications they had been pre-
scribed, given the choices “3 or fewer,” “4 to 6,” “more
than 6,” or “unsure.”

Demographics and Comorbidity Assessment

Demographics, medical history, admission diagnoses,
and prescription medications were documented by stan-
dardized electronic medical review. Patient medical re-
cords were accessed via a secure and comprehensive
electronic clinical information system at CUMC/NYPH.
All research staff members were HIPAA trained and
certified in the use of this clinical information system.
Current and prior medical conditions including diabetes
mellitus, renal disease, myocardial infarction, peripheral
vascular disease, heart failure, and chronic obstructive
pulmonary disease were determined using ICD-9 billing
codes and physician or nurse practitioner notes. Prior
medical history information was collected by a trained
nurse research assistant and was available for 99 % of
this population. The number of different prescribed
medications was obtained from discharge summary
notes and supplemented by ambulatory electronic re-
cords if needed.

Data Analysis

Surveys were created and processed using the intelligent
character recognition software EzDataPro32™ (version
8.0.7, Creative ICR, Inc., Beaverton, OR) and
ImageFomula (version Dr-2580C, Canon U.S.A., Inc.,
New York, NY). The data were double checked for
errors and stored in a Microsoft Access database. De-
scriptive data are presented as frequencies and percent-
ages. Caregiving was categorized as having paid, family
(non-paid), any (either paid or family), or no caregivers.
Chi-square tests were performed to determine the asso-
ciation between medication non-adherence and baseline
characteristics of hospitalized CVD patients. The inde-
pendent association between caregiving and medication
adherence was evaluated by logistic regression adjusted
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for confounders. Stratified analyses by racial/ethnic sta-
tus (white versus minority) and gender (male versus
female) were also conducted to evaluate potential
interaction.

Analyses were conducted using SAS software (version 9.
2, SAS Institute, Cary, NC). Statistical significance for
logistic regression models was set at p<0.05.

Results

The characteristics of the 1,432 consecutively hospital-
ized cardiac participants are presented in Table 1. The
mean age was 66 ±14 years. Thirty-seven percent of
participants were minorities, and 37 % were female. The
majority (89 %) had health insurance, and nearly half
were married. There were 214 (15 %) of patients

classified as having a paid caregiver, 732 (51 %) as
having an informal caregiver, and 486 (34 %) as having
no caregiver.

One third of participants reported being prescribed
between four and six different medications within the
last 6 months, and 40 % reported being prescribed
more than seven or more different medications
(Table 2). Nearly one in four patients reported being
non-adherent to their medications. Adherence to medi-
cations varied significantly by race/ethnicity (28 % mi-
norities non-adherent vs. 21 % whites, p=.02), but not
by gender (23 % males non-adherent vs. 24 % females,
p=.62).

The association between type of caregiving and medication
non-adherence overall and stratified by gender and minority
status is presented in Table 3. Overall, participants who
reported having or planning to have a paid caregiver were

Table 1 Baseline characteristics of participants (N=1,432)

Characteristic Overall
(N=1,432)

No caregiver
(n=486)

Paid caregiver
(n=214)

Informal caregiver
(n=732)

p value

n (%) n (%) n (%) n (%)

Age ≥65 vs. <65 800 (56) 268 (55) 155 (72) 377 (52) <0.0001

Male vs. female 894 (63) 312 (64) 101 (47) 481(66) <.0001

White vs. minoritya 894 (63) 292 (60) 129 (60) 473 (65) 0.19

Married/life partner vs. not married/no partnerb 691 (48) 212 (44) 74 (35) 405 (55) <.0001

Have health insurance vs. do not have 1,267 (89) 435 (90) 188 (88) 644 (88) 0.68

Health insurance typec

Commercial 864 (60) 292 (60) 103 (48) 469 (64) 0.0002

Medicare 742 (52) 256 (53) 145 (68) 341 (47) <0.0001

Medicaid 215 (15) 72 (15) 60 (28) 83 (11) <0.0001

Self-pay 630 (44) 205 (42) 77 (36) 348 (48) 0.01

Unknown 184 (13) 73 (15) 19 (9) 92 (13) 0.08

Medical Cardiology Service vs. Cardiac Surgery Service 1,149 (80) 407 (84) 162 (76) 580 (79) 0.03

Taking ≥9 different medications at discharge (from
medical chart) vs. <9 medications

722 (53) 227 (50) 134 (66) 361 (52) 0.0002

Current smoker vs. non-smoker 98 (7) 43 (9) 8 (4) 47 (6) 0.04

Hypertension (history) vs. None 826 (58) 288 (59) 132 (62) 406 (55) 0.19

Dyslipidemia (history) vs. none 735 (51) 256 (53) 114 (53) 365 (50) 0.52

Prior cardiovascular disease vs. noned 1,044 (73) 360 (74) 158 (74) 526 (72) 0.66

Renal disease vs. nonee 170 (12) 43 (9) 35 (16) 92 (13) 0.01

Chronic obstructive pulmonary disease vs. none 97 (7) 28 (6) 24 (11) 45 (6) 0.02

Diabetes mellitus vs. none 349 (24) 108 (22) 60 (28) 181 (25) 0.24

Abnormal body mass index vs. normalf 342 (77) 115 (78) 50 (75) 177 (76) 0.81

The significance of the values in bold is p<.05
a n=14 without reported race/ethnicity
b n=212 without marriage information
cMay have more than one plan type
d Includes prior/current myocardial infarction, prior/current heart failure, prior/current peripheral vascular disease, prior/current stroke
e Defined as chronic renal insufficiency, chronic renal disease, or renal failure on dialysis;
f Defined as body mass index ≥25 or <18.5 kg/m2
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40 % less likely to be non-adherent to their medications
compared to those who reported not having or planning to
have a paid caregiver [odds (OR)=0.57, 95 % confidence
interval (CI)=0.37–0.87]. There was a similar but nonsignif-
icant trend for informal caregiving (OR=0.87, 95%CI=0.63–
1.07). A significant association between paid caregiving and
medication non-adherence was observed among minorities
(OR=0.51, 95 % CI=0.27–0.99), but not whites (OR=0.62,
95 % CI=0.35–1.10). There were no differences by
race/ethnicity for the association between informal caregiving
and medication non-adherence. In univariate analyses strati-
fied by gender, paid caregiving was associated with signifi-
cantly less likelihood of non-adherence to medications among
women (OR=0.53, 95 % CI=0.29–0.98), but not men
(OR=0.58, 95 % CI=0.32–1.08). There were no significant
differences by gender for the association between informal
caregiving and medication non-adherence.

Other significant univariate associations with non-
adherence to medication were racial/ethnic minority sta-
tus (OR=1.50, 95 % CI=1.16–1.95), smoking (OR=1.
68, 95 % CI=1.06–2.67), and history of dyslipidemia
(OR=1.37, 95 % CI=1.06–1.78; Table 4).

The multivariable association between caregiving and
medication non-adherence adjusted for confounders

including demographics and comorbidities is shown in
Table 5. The association between paid caregiving and
medication non-adherence remained significant after ad-
justment (OR=0.49, 95 % CI=0.29–0.82).

In multivariable models stratified by race/ethnicity,
the association between paid caregiving and medication
non-adherence remained statistically significant after ad-
justment among minorities (OR=0.29, 95 % CI=0.12–0.
70), but not among whites (OR=0.67, 95 % CI=0.35–1.
29). In multivariable models stratified by gender, the
association between paid caregiving and medication
non-adherence was attenuated after adjustment among
both females (OR=0.48, 95 % CI=0.23–1.01) and
males (OR=0.49, 95 % CI=0.23–1.06).

Discussion

This study documented that cardiac patients with paid care-
givers were 50 % less likely to report non-adherence to their
medications than those without a caregiver, independent of
confounders including demographics and comorbidities.
The association was statistically significant among
racial/ethnic minorities but not among whites; it did not
significantly vary by gender. Medication non-adherence
was associated with racial/ethnic minority status, smoking,
and history of dyslipidemia. We also documented that the
majority of cardiac patients were prescribed seven or more
different medications and nearly a quarter reported being
non-adherent to their medications.

Studies assessing the type of caregiving (paid or
family), and the impact of paid caregivers specifically,
on adherence to medication in the home setting post-
hospital discharge are limited. Consistent with our find-
ings, Lam et al. showed that the involvement of a
professional caregiver/community nursing services with
medication administration reduced drug non-adherence
among Chinese geriatric patients by one quarter, com-
pared to patients without this support [13].

Table 2 Prevalence of medication usage and non-adherence (N=
1,432)

N (%)

Medications

Number of different medications: 3 or fewer 374 (26)

Number of different medications: 4 to 6 465 (32)

Number of different medications: more than 6 553 (39)

Not sure 40 (3)

Non-adherence

Missed pills in a typical week: 0 (none) 1,020 (71)

Missed pills in a typical week: 1 or more 310 (22)

Do not take any medications/not sure 102 (7)

Table 3 Association between caregiving and nonadherence to medications according to gender and race/ethnicity among hospitalized cardiac
patients

Characteristic Overall
(N=1,432)

Among minorities
only (n=524)

Among whites
only (n=894)

Among males
only (n=894)

Among females
only (n=538)

OR (95 % CI) OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

Paid vs. none .57 (0.37–0.87) .009 .51 (.27–1.00) .049 .62 (.35–1.10) .09 .58 (.32–1.08) .08 .53 (.29–.98) .04

Informal vs. none .87 (0.67–1.15) .33 .97 (.64–1.49) .90 .83 (.58–1.19) .32 .93 (.66–1.31) .67 .87 (.55–1.37) .55

Paid vs. informal .63 (0.42–0.95) .03 .50 (.27–.96) .03 .74 (.43–1.27) .27 .63 (.35–1.4) .12 .61 (.34–1.10) .09

Any caregiver
vs. none

.82 (0.63–1.07) .14 .62 (.35–1.10) .55 .88 (.59–1.33) .20 93 (.66–1.32) .77 1.22 (.80–1.86) .36

The significance of the values in bold is p<.05
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Others have shown that that the support of a family care-
giver was strongly correlated with patients' drug adherence
level in other clinical settings. For example, in persons living
with HIV in China, patients with family caregiving support
reported nearly four times greater adherence to anti-retroviral
therapy than those without family caregiving support [14].
Among African American HIV-positive men with informal
care, higher reciprocity of support to caregivers was associat-
ed with greater adherence to medications [15]. The presence
of a spouse or other caregiver has also been associated with
increased compliance to medications among heart failure pa-
tients compared to patients living alone; the authors speculate
that this may be due to reminders to take medications or
supervision of medication administration [16].

In contrast, a study by Magacho et al. found that
non-adherence to drug therapy among persons with
chronic kidney disease was associated with dependence
on medication administration by a family caregiver rath-
er than self-administration [17]. Beals et al. found that
caregivers often reminded persons living with HIV to
take their medications, but the reminders were not sig-
nificantly associated with adherence [18].

One potential explanation for our finding that paid care-
giving, rather than informal/non-paid caregiving, was associ-
ated with significantly greater adherence to medications is that
paid caregivers have both training and accountability. This
suggests that non-paid caregivers could also be trained, and if
family members are given more accountability as part of an
expanded care team, they could potentially improve quality
outcomes.

Education and/or training of family caregivers may help to
facilitate greater adherence tomedications among patients such
as that observed in those with access to paid caregivers. Def-
icits in professional knowledge by family caregivers may
contribute to missed doses [19]. For example, caregivers have

Table 4 Caregiving and other potential confounders of non-adherence
to medications (N=1,432)

Characteristic OR (95 % CI) p-value

Paid vs. none 0.57 (0.37, 0.87) 0.01

Informal vs. none 0.87 (0.66, 1.15) 0.33

Paid vs. informal 0.63 (0.42, 0.95) 0.03

Any caregiver vs. none 0.82 (0.63, 1.07) 0.14

Age≥65 years 0.78 (0.60–1.00) 0.05

Male 0.94 (0.72–1.22) 0.62

Minority race/ethnicitya 1.50 (1.16–1.95) 0.002

No health insurance 1.19 (0.81–1.76) 0.38

Not married/no partnerb 1.08 (0.82–1.44) 0.57

Taking >9 different
medications (at discharge)

1.00 (0.77–1.30) 0.99

Current smoker 1.68 (1.06–2.67) 0.03

Hypertension (history) 1.19 (0.92–1.54) 0.19

Dyslipidemia (history) 1.37 (1.06–1.78) 0.02

Prior cardiovascular diseasec 1.01 (0.78–1.30) 0.93

Renal diseased 0.77 (0.51–1.17) 0.22

Chronic obstructive pulmonary
disease

0.92 (0.55–1.54) 0.76

Diabetes mellitus 1.13 (0.85–1.51) 0.40

Abnormal body mass indexe 1.20 (0.69–2.10) 0.52

Patients who reported having both paid and informal caregivers (n=
37) were categorized as having a paid caregiver

The significance of the values in bold is p<.05
a n=14 without reported race/ethnicity
b n=212 without marriage information
c Includes prior/current myocardial infarction, prior/current heart fail-
ure, prior/current peripheral vascular disease, prior/current stroke
d Defined as chronic renal insufficiency, chronic renal disease, or renal
failure on dialysis
e Defined as body mass index ≥25 or <18.5 kg/m2

Table 5 Multivariable model: association between caregiving (prior to hospitalization and/or planned post-discharge) and medication
nonadherence overall (N=1,432)

Variable Model 1: Bivariate Model 2: Demographic adjusted Model 3: Fully adjusted
OR (95 % CI) OR (95 % CI) OR (95 % CI)

Have/plan to have a paid caregiver vs nonea .57 (.37–.87) .48 (.28–.81) 0.49 (0.29–0.82)

Had/plan to have an informal caregiver vs nonea .90 (.69–1.19) .91 (.67–1.24) 0.92 (0.68–1.25)

Age ≥65 years .82 (.61–1.09) 0.81 (0.61–1.09)

Minority race/ethnicity 1.52 (1.12–2.05) 1.52 (1.12–2.05)

Men 0.92 (0.68–1.25) 0.91 (0.67–1.23)

Not married/no partner 1.02 (.76–1.37) 1.01 (0.75–1.37)

No health insurance 1.19 (.79–1.81) 1.21 (0.80–1.84)

Dyslipidemia (history) 1.34 (1.00–1.79)

Current smoker 1.45 (0.85–2.4)

The significance of the values in bold is p<.05
a Patients who reported having both paid and informal caregivers (n=37) were categorized as having a paid caregiver; referent group is no caregiver
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been shown to have considerable concerns about the side
effects of medications; male caregivers especially [20]. Edu-
cation may help in this regard as providing information about
side effects and safety of medications is a recommended strat-
egy to enhance medication adherence in patients with chronic
diseases [21]. In addition, caregiver agreement with treatment
recommendations has been shown to predict adherence to
medical recommendations among geriatric patients [22].

Major strengths of this study were the diverse population,
systematic approach, and use of standardized measures of
caregiving and adherence which have previously been linked
to clinical outcomes. Studies that have compared self-report to
other methods of adherence measurement, including electronic
lids and prescription refill records, have shown similar esti-
mates of overall adherence [23]. Despite the standardized
approach, due to the self-reported nature of medication adher-
ence and caregiver status, there may have been
misclassification which was likely non-differential, and may
have reduced the ability to detect significant differences.
Sociodemographic data for caregivers and information on the
amount of time spent caregiving were not available; therefore,
associations between medication adherence and these variables
could not be tested. Similar to other research in this area, our
data were observational in nature, and the finding that care-
givers may improve medication adherence needs to be con-
firmed in prospective randomized controlled studies.

In conclusion, medication non-adherence was highly
prevalent among hospitalized cardiac patients and paid care-
giving was associated with lower risk of non-adherence,
particularly among racial/ethnic minorities and females.
Training family caregivers to assist patients with the man-
agement of medications using the strategies of paid care-
givers (e.g., pillboxes, automated alerts) may have the
potential to enhance medication adherence among cardiac
patients, and facilitate improved clinical outcomes, but
needs to be formally tested.
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