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Abstract
Purpose Previous studies on the ‘treatment gap’ in patients with heart failure (HF) have focused either on prescribing or patients’
adherence to prescribed treatment. This study sought to determine whether or not recent initiatives to close the gap have also
minimised any mismatches between physicians’ expectation of their patients’ medications, medications in the patients’ posses-
sion and their actual medication use.
Methods A cross-sectional observational survey was conducted from December 2015 to June 2016 in The Alfred
Hospital HF clinic in Melbourne, Australia. Patients were invited to participate if they had chronic HF (NYHA class
II to IV), were aged ≥ 60 years, had no history of HF related hospitalisation within the past 6 months and were
prescribed at least two HF medications.
Results Of 123 eligible patients, 102 were recruited into the study. Beta-blockers, mineralocorticoid receptor antagonists, loop
diuretics and statins were associated with the highest rates of mismatches of drugs and doses, ranging from 10 to 17%.
Discrepancy of total daily doses was the most common type of mismatch. Overall, only 23.5% of the patients were taking the
right drugs at the right doses as expected by their cardiologists/HF specialists.
Conclusions Despite improved prescribers’ adherence to guideline-directed medical therapy, there remain considerable mis-
matches between prescribers’ expectation of patients’ HF medications, medications in patients’ possession and their actual
medication use. Initiatives to improve this situation are urgently needed.
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Introduction

Poor adherence to evidence-based treatment, involving both
clinicians and patients, limits the effectiveness of heart failure
(HF) therapies. Recent initiatives to close the ‘treatment gap’
have primarily focused either on prescribers’ adherence to
guideline-recommended treatment or patients’ adherence to
the prescribed therapy, under the assumption that there are
no major discrepancies between prescribed medications and
those in patients’ possession.

To date, prescribers’ adherence to guideline-recommended
treatment remains suboptimal [1], with an estimated 4 to 17%
of eligible chronic HF patients with reduced ejection fraction
(HFrEF) not being treated with evidence-based treatment [2].
On the other hand, adherence in the community is poor: reported
at about 50% at 1 year, and declining with time [3, 4]. Data
suggest that poor adherers to HF therapy are more likely to be
female, elderly, treated with complex medical regimens,

In memoriam of Henry Krum

* Danny Liew
danny.liew@monash.edu

1 CCRE Therapeutics, Department of Epidemiology and Preventive
Medicine, Monash University, Melbourne, Australia

2 School of Public Health and Preventive Medicine, Monash
University, Melbourne, Australia

3 School of Public Health, Curtin University, Perth, Australia
4 Department of Cardiovascular Medicine, Alfred Hospital,

Melbourne, Australia
5 Central Clinical School, Faculty of Medicine, Monash University,

Melbourne, Australia
6 Heart Failure Research Group, Baker Heart and Diabetes Institute,

Melbourne, Australia

Cardiovascular Drugs and Therapy (2018) 32:37–46
https://doi.org/10.1007/s10557-017-6768-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s10557-017-6768-4&domain=pdf
mailto:danny.liew@monash.edu


prescribed diuretics and have greater number of concomitant ill-
nesses and severity [5]. Other contributing factors include
polypharmacy, poor socioeconomic status, poor health literacy,
low education level, problems with dexterity, lack of social sup-
port, lowmotivation to stay healthy and desire to preserve a good
quality of life [3, 6, 7].

In Australia, a series of concerted efforts were taken, in-
cluding the establishment of cardiac clinical networks nation-
wide, to facilitate improvement in HF care by fostering aware-
ness, communication, partnerships and links, and by provid-
ing advice and advocacy for policy, planning and funding [8].
Despite this, prognosis of HF remains poor, with high rates of
mortality and readmissions that impose a substantial burden
on the healthcare system [9]. A fundamental concern here is
that whether or not efforts to reduce the treatment gap in HF
have also minimised any mismatches between physicians’
expectation of their patients’ medications, medications in the
patients’ possession and their actual medication use. This is an
important question which requires attention since efforts to
improve adherence from either end (i.e. physicians and pa-
tients) are futile if there is a break in the information chain.
Our study sought to address this question. Secondary objec-
tives were to examine prescribing pattern and patients’ knowl-
edge of their dispensed medications.

Methods

Study Design and Patient Population

A cross-sectional survey was conducted in the HF clinic of the
Alfred Hospital, a tertiary hospital and heart transplant centre
located in Melbourne, Australia, that provides heart and lung
transplantation services for the states of Victoria and
Tasmania. The hospital’s HF service cares for patients through
a multidisciplinary approach, involving 12 HF and transplant
cardiologists, 2 nurse practitioners, a pharmacist and a dieti-
cian. Medication reconciliation is primarily performed by the
treating physician and the nurses and pharmacist provide on-
going regular education for patients. As required, allied health
and social work services are available for patients who require
additional assistance, such as the elderly, the socially disad-
vantaged and those with poor health literacy. Inclusion criteria
were age ≥ 60 years; stable New York Heart Association
(NYHA) Class II to IV symptoms for at least 6 months at
screening; no history of HF related hospitalisation in the past
6 months at screening; prescribed at least two HF medications
(angiotensin-converting enzyme (ACE) inhibitors,
angiotensin-receptor blockers (ARBs), beta-blockers (BBs),
mineralocorticoid receptor antagonists (MRAs) and/or loop
diuretics); willing and able to provide written consent and able
to speak English. Patients were excluded if in the

investigators’ opinion, they were too ill to participate or had
presented for psychiatric evaluation.

We collected information on demographics, education lev-
el, history of hospitalisation for HF within 12 months prior to
interview, medical history and most recent NYHA functional
class, blood pressure, heart rate, left ventricular ejection frac-
tion (LVEF), renal function, smoking history and alcohol con-
sumption. Physicians’ expectations of the medications that
patients were taking were based on what was recorded in the
clinical notes at each clinical visit. We also documented any
updated information obtained from general practitioner (GP)
referral letters to the Alfred Hospital’s cardiologists/HF spe-
cialists prior to the interview. Reasons for non-prescription or
underdosing with respect to the recommended dosages by the
clinical practice guidelines [10] were documented.

Patients identified from the clinic’s database were invited by
mail and telephone to participate. Participants were assured of
anonymity and confidentiality regarding all details and answers
provided. Participation was on a voluntarily basis and written
informed consent was obtained before patients were
interviewed at the Alfred Hospital HF clinic. All medications
were reviewed, including over-the-counter medications, and
information printed on the medication boxes was recorded.
Participants were also asked to name the drugs, dose and fre-
quency of use based on their actual consumption. If there was
an omission of a dose or extra doses were taken, they were
asked to describe the reasons and frequency for such ‘devia-
tions’. The interviews were arranged to coincide with patients’
appointment in the HF clinic. Patients who had consented to
participate were not excluded if they had clinical improvement
or event by the time of the interview.

Patients’ knowledge about indications, dosages and side ef-
fects of the medications in their possession was assessed. They
were encouraged to explain the perceived purpose, dosage, fre-
quency and side effects of each medication in their own words.
Patients were also allowed to read directly from any informa-
tion sheet previously provided by a pharmacist. Patients were
considered knowledgeable if they could provide adequate ‘cor-
rect’ information about the medications. Statements such as
‘atorvastatin is for cholesterol’, and ‘warfarin can cause bruises
or bleeding’ were accepted as adequate knowledge.

Information gathered from the patients regarding their
medications was then compared with clinical notes obtained
from the Alfred Hospital HF clinic. Medications which were
newly prescribed/witheld/had doses changed on the interview
day were not considered as a mismatch. Medications used on
an ‘as required’ basis, like glyceryl trinitrate, were not consid-
ered in this analysis.

Statistical Analysis

To assess the extent of patients being treated with evidence-
based doses for HF drugs, patients were further categorised as
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receiving < 50 or ≥ 50% of target dose, based on the clinical
notes and patients’ self-reported medication use behaviour.
Sub-groups were compared by χ2 test for dichotomous variables
and Student’s t test for continuous variables. Simple andmultiple
logistic regression analyses were used to evaluate the association
between overall medication mismatch and demographic and
clinical characteristics. We performed univariate logistic regres-
sion by including all collected covariates for cumulative mis-
matches of medications and dosages. We then entered variables
with P < 0.1 into a multivariate logistic regression model using a
backward elimination method. Variables with P < 0.05 in the

multivariate model were considered to be independent predic-
tors. Information on health literacy, cognition or health-related
quality of life (HRQOL) were not available and hence not in-
cluded in the analysis. Statistical analysis was performed using
SPSS version 21.0 (Chicago, IL, USA).

Results

A total of 123 patients with HF were invited to participate in
this survey from December 2015 to June 2016. Twenty-one

Table 1 Patient characteristics
Characteristics Overall Ischaemic CM Non-ischaemic CM

N, % 102 44 (43.1) 58 (56.9)

Age, year (mean) 70.5 71.4 69.8

Male, % 73.5 88.6 62.1

Education level, %

Secondary education and below 80.2 84.1 77.2

Tertiary education 19.8 15.9 22.8

Living arrangement, %

Living alone 25.5 27.3 24.1

Living with family/relatives 74.5 72.7 75.9

Systolic blood pressure, mmHg 118.7 111.5 123.5

Heart rate, beats/min 71.0 71.8 70.5

NYHA, %

I 17.5 11.9 21.8

II 61.9 61.9 61.8

III 20.6 26.2 16.4

Left ventricular ejection fraction, % (mean) 38.6 30.3 44.2

< 40% 54.5 73.8 40.4

≥ 40% 45.5 26.2 59.6

Estimated GFR, ml/min/1.73 m2 (mean) 57.9 53.4 61.9

≥ 60 ml/min.1.73 m2 49.5 38.1 58.8

30 to 59 ml/min.1.73 m2 46.2 52.4 41.2

≤ 29 ml/min.1.73 m2 4.3 9.5 –

Hospitalisation for heart failure within 12 months, % 14.7 13.6 15.5

Medical history, %

Hypertension 41.2 43.2 39.7

Atrial fibrillation or flutter 49.0 43.2 53.4

LBBB 7.8 9.1 6.9

Dyslipidaemia 30.4 36.4 25.9

Diabetes mellitus 34.3 43.2 27.6

Stroke 9.8 11.4 8.6

PCI 13.7 29.5 1.7

CABG 26.5 61.4 0.0

Device therapy, % 55.9 65.9 48.3

No. of CV drugs in the bag, median (IQR) 6(3) 7(1.8) 5(2)

Note: Values are mean ± SD or percentage, unless otherwise specified. Device therapy includes implantable
cardioverter-defibrillator (ICD) and cardiac-resynchronisation therapy (CRT)

NYHA New York Heart Association functional class, GFR glomerular filtration rate, LBBB left bundle branch
block, PCI percutaneous coronary intervention, CABG coronary-artery bypass grafting
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patients declined (n = 18) or died (n = 3) before the interview,
leaving 102 (82.9%) who completed the survey.

Table 1 summarises patient characteristics. Patients had a
mean age of 70.5 years, 73.5% were male, 43.1% had ischae-
mic aetiology and mean LVEF of 38.6%. Nearly 15% of the
participants had been hospitalised for heart failure within the
year prior to the interview day. Of note, we did not recruit
patients with NYHA class IV because all these patients expe-
rienced heart failure-related hospitalisation or died within
6 months of screening.

Prescribing Pattern

Ninety percent of the patients were prescribed ACE inhibitors/
ARB and BB. In addition, MRA, loops diuretics and statins
were prescribed to 46, 76 and 66% of the patients, respectively
(Table 2). More than 70% of the patients were prescribed with
≥ 50% of the target doses for ACE inhibitors/ARB and BB,
and over 90% for MRA (Table 3). The proportion of patients
claiming to be taking these medications at ≥ 50% of the target
doses were similar to those prescribed.

Mismatches at Individual Level

The cumulative mismatches of the cardiovascular (CV) med-
ications and/or dosages between clinical notes, medications
found in the patients’ bags and self-reported medication use
behaviour were high (Fig. 1). When CV medications listed in
the notes were compared with those found in patients’ bags,
there were mismatches in the medications (49%) and dosages
(57.8%). When the medications found in the bag were com-
pared with self-reported medication use, 2 and 21.6% had
mismatches in the medications and dosages, respectively.
Patients with LVEF ≥ 40% had lower number of mismatches
in medications and dosages compared to those with LVEF <
40% (Fig. 2). Overall, only 23.5% of the patients were taking
the correct medications at the correct total daily doses as ex-
pected by their HF clinic’s physicians.

Table 2 summarises cumulative mismatches of medications
and dosages according to drug classes. When information in
the clinical notes were compared with medications found in the
bags, loop diuretics, BB, MRA and statins were mismatched in
13.6, 10.7, 10.1 and 11.2%, respectively, of cases. Discrepancy
of total daily doses was the most common type of mismatch,
where 14.5, 14.3, 15.7, 19.1 and 19.5% mismatches were re-
corded in ACE inhibitors, ARB, BB,MRA and loops diuretics,
respectively.When information in the notes was comparedwith
self-reported medication use, the rate of mismatches was sim-
ilar. Figure 3 depicts the type of mismatches in ACE inhibitors,
ARB, BB, MRA and loops diuretics. A total of 16.7% of par-
ticipants said that they had deliberately skipped doses on
occasional/regular basis, mainly for loop diuretics and drugs
to be taken in the afternoon and evening.

On multivariate analysis, ischaemic cardiomyopathy, his-
tory of myocardial infarction and percutaneous coronary in-
tervention were the most significant predictors of mismatches.

Pill Burden and Patients’ Knowledge

The median (interquartile range, IQR) number of cardiovas-
cular and HF drugs found in the medication bags were 6(3)
and 3(2), respectively (Table 4). Figure 4 illustrates the num-
ber of CVand HF drugs by LVEF category. Patients’ knowl-
edge of their cardiovascular drugs was poor, where the median
(IQR) number of indications, dose and side effects correctly
identified were 4(4), 6(3) and 0(1), respectively. When only
HF medications were considered, the median (IQR) number
of indications, dose and side effects correctly identified were
2.5(2), 3(2) and 0(1), respectively.

Discussion

In this study, we found that the majority of HF patients attend-
ing the AlfredHospital HF clinic were treated in accordance to
guideline-recommended treatments. Despite this, only a quar-
ter of them were taking HF medications at the doses expected
by their physicians. A significantly high proportion of the
mismatches involved medications known to be life-saving:
ACE inhibitors, ARB, BB and MRA. The number of mis-
matches increased with the number of prescribedmedications.
With the exception of drug doses, patients’ knowledge of their
HF drugs was generally poor regarding indications and side
effects. Ischemic cardiomyopathy, history of myocardial in-
farction and percutaneous coronary intervention were the
most significant predictors of mismatches. Although impor-
tant factors, health literacy and HRQOL are not routinely
measured in our hospital. Cognitive capacity is frequently
assessed, but not routinely; it is measured only among patients
suspected or known to have cognitive impairment.

Table 3 Proportion of patients being prescribed or self-reported to be
taking ≥ 50% of target doses

Drug class Clinical notes, (%)‡ Behaviour, (%)‡ P value¶

ACEI 77.4 75.4 0.48

ARB 54.3 57.6 0.57

ACEI/ARB 69.1 68.1 0.77

BB 77.3 69.8 0.08

MRA 91.5 97.8 0.57

‡Number of patients being prescribed with ≥ 50% of target doses over
total number of patients being prescribed with the drug
¶ Comparison of clinical notes and patients’ medication use behaviour
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A lower age limit of 60 years was chosen because younger
patients with heart failure tend to have different etiological

bases to their disease (such as viral cardiomyopathy) and less
stable disease. In patients with non-stable disease, mismatches

Fig. 1 Cumulative mismatches of drugs and their respective total daily doses at individual level
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tend to be more common as medication regimens undergo
frequent change, but these mismatches may also be transient.
It was for this reason that patients hospitalisedwithin 6months
were also excluded. Inclusion of younger patients and those
with unstable disease would have made the study population
heterogeneous and likely over-estimated medication
mismatch.

HF affects primarily elderly patients, and its prevalence rises
with age [11, 12]. Despite advances in prevention, diagnosis
and management, HF remains a major public health burden.
Contemporary treatment for HF has been shown to be cost-
effective and has a significant impact on mortality and
hospitalisation rates [13, 14]. Hence, it is important that pre-
scribers adhere to guideline-recommended treatment whenever
possible and patients use the right drugs at the right doses, as
instructed by their physicians, to obtain the desired outcomes.

Previous studies have largely focused either on physicians
prescribing patterns or HF patients’ adherence to prescribed
pharmacological treatment [1, 15–17]. Both prescribers and
patients’ adherence to guideline-recommended treatment are
associated with improved outcomes [18, 19]. In Germany, a
study of patients with HF showed that they have on average
13 different drug packs per day at home, of which 18% was
not taken. Twenty-eight percent of the medications not taken
as prescribed were for HF indications and 56% of the unused
medications were prescribed by GPs [20]. Mattila et al. report-
ed that discrepancies between self-reported medications and
medical record data are common, and a large proportion of HF
patients used non-prescription medications, often unknown to
healthcare providers [21]. To date, no consistent predictors of
patients’ non-adherence have been identified [22].

Our study differs from previous studies in that we provide
new information on the specific characteristics of mismatches
between physicians’ expectation of their HF patients’medica-
tions, medications in the patients’ possession and their actual
medication use. Our study also extends current knowledge of
treatment gap in the Australian context. The findings suggest
that recent initiatives have improved prescribers’ adherence to
guideline-directed medical therapy but discrepancies persist in
terms of recorded data, medications in possession and actual
use of medications. There is a break in the information chain
between cardiologists/HF specialists and patients, and possi-
bly also GPs and pharmacists, potentially contributing to poor
outcomes in patients with HF. This impedes any initiatives to
improve drug distribution, utilisation of evidence-based treat-
ment and importantly, patients’ outcomes.

The comparison of downstream clinical outcomes between
compliant and non-compliant patients would indeed be inter-
esting, these were not pre-specified outcomes in our study and
hence we did not seek ethical approval to capture these.
Adherence to HF medications is known to be associated with

Fig. 2 Overall mismatches for cardiovascular drugs between clinical
notes and medication use behaviour at individual level by ejection
fraction

Fig. 3 Type of mismatches in
ACE inhibitors, ARB, BB, MRA
and loops diuretics. Abbreviation:
ACEI, angiotensin-converting
enzyme inhibitors; ARB,
angiotensin-receptor blockers;
BB, beta-blockers; MRA, miner-
alocorticoid receptor antagonists;
NTAA, patient is not taking at all;
NNBT, not in the notes but patient
is taking; DDSC, different medi-
cation but of the same drug class;
LD, lower dose; HD, higher dose
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improved outcomes in patients with HF, partly because it
serves as a surrogate for adherence to medications in general
[19]. Poor adherence is associated with higher mortality and
hospitalisation rates [3, 19]. Hence, it would be interesting to
see if clinical outcomes differed between sub-groups of pa-
tients in our study defined by levels of mismatch, and this will
be the focus of further research.

Our study highlights the importance of all stakeholders
maintaining the correct and up-to-date medication list for ev-
ery patient through multiple levels of reconciliation, which is
often challenging and laborious due to gaps in electronic med-
ical record interoperability [23]. Any changes to the treatment
plan need to be relayed quickly and accurately to other
healthcare providers. Also, deprescribing medications which
are no longer necessary, simplifying medication regimens and
minimising out-of-pocket expenses for unnecessarily expen-
sive drugs should be attempted whenever possible.

Efforts to increase the provision of, as well as patients’
interest in, home medication review should be revisited, as
there is evidence that these programs improve safe medi-
cation use and optimal use of evidence-based HF treat-
ment [24, 25]. In Australia, home medication review pro-
grams are run under the Domiciliary Medication
Management Review program for people in the communi-
ty and Residential Medication Review program for resi-
dents of aged care facilities [26]. Patients’ willingness to
utilise such services has been shown to be strongly influ-
enced by their perception of the program’s ability in im-
proving knowledge, medicines management capability and
reducing medication-related concerns [27].

Provision of personalised medication information sheets to
all HF patients may be a convenient way to improve patients’
knowledge retention about their current medications, as ob-
served in our study.

Fig. 4 Number of cardiovascular and heart failure drugs by ejection fraction category

Table 4 Patients’ knowledge of
their medications’ indications,
dosages and side effects

Knowledge Overall Ischaemic CM Non-ischaemic CM P value‡

No. of CV drugs in the bag, median (IQR) 6(3) 7(1.8) 5(2) 0.004

No. of correct indications 4(4) 5(4) 4(3) 0.04

No. of correct doses 6(3) 6(2) 5(2) 0.02

No. of correct side effects 0(1) 0(1.8) 0(1) 0.33

No. of HF drugs in the bag, median (IQR) 3(2) 3(1) 3(1) 0.04

No. of correct indications 2.5(2) 3(3) 2(2) 0.84

No. of correct doses 3(2) 3(1.8) 3(1) 0.08

No. of correct side effects 0(1) 0(1) 0(0) 0.29

HF drugs is defined as ACEI, ARB, BB, MRA and loops diuretics

CM cardiomyopathy, IQR interquartile range, CV cardiovascular, HF heart failure
‡Comparison of patients with ischemic cardiomyopathy and non-ischemic cardiomyopathy
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Limitations

Our findings may have been affected by selection bias as the
patients in our study were enrolled from a single study site and
may not have been representative of the general population.
Data misclassification may also have been present, as in any
observational study, but the extent to which this may have
caused bias, both in terms of direction and magnitude, was
unknown.

Conclusions

There are considerable mismatches between prescribers’ ex-
pectation of their HF patients’ daily heart medications, medi-
cations in patients’ possession and their actual medication use.
Future efforts should focus on ways to streamline information
sharing processes to minimise mismatches between physi-
cians’ expectation, dispensed medications and medication
use.
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