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a b s t r a c t
Background: Chronic heart failure (CHF) is prevalent among the elderly and is characterized by high mortality and
hospitalization rates. Non-adherence to medications is frequent and related to poor clinical outcomes. It is often
assumed that older age is related to poorer medication adherence compared with younger age. We analyzed the
existing evidence of age as a determinant of medication adherence in patients with CHF.
Methods: A systematic search of the bibliographic database MEDLINE and all Cochrane databases was performed.
Studies were included if they examined medication adherence in adult patients with CHF, evaluated factors
contributing to medication adherence, and analyzed the relationship between age and medication adherence.
Articles classiﬁed as studies with poor quality were excluded.
Results: A total of 1565 titles were found, and ultimately, 17 studies, which provide data for a total of 162,727 patients, were analyzed. Seven studies showed a statistically signiﬁcant relationship between age and medication
adherence: six articles demonstrated that increased age is correlated with higher medication adherence, and
one study showed that patients in the age range of 57 to 64 years are affected by non-adherence to
angiotensin-converting enzyme inhibitors. Ten studies found no signiﬁcant relationship.
Conclusions: The results suggest that older age alone is not related to poorer medication adherence compared
with younger patients with CHF. More attention should be paid to younger newly-diagnosed patients with
CHF. Future studies are required to explore medication adherence in CHF in different, standardized, and speciﬁc
age groups and should be sufﬁciently powered to assess clinical endpoints.
© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

1.2. Medication adherence

1.1. Chronic heart failure

The World Health Organization (WHO) deﬁned adherence as the dimension to which a person's behavior, such as taking medication, corresponds with the agreed recommendations from a health care provider
[4]. Adherence to drug therapy is necessary, but poor adherence to
treatment for chronic diseases is a worldwide problem. The WHO speciﬁed that the average adherence to long-term therapy for chronic diseases is 50% [4]. Effective treatment of CHF improves symptoms and
signs, prevents hospital admission, and reduces mortality [3]. Good
medication adherence is associated with higher patient survival [5–9].

Chronic heart failure (CHF) is prevalent among the elderly and
is characterized by high mortality and hospitalization rates [1]. The
EuroHeart Failure survey, for example, identiﬁed 11,327 (24% of total
46,788) deaths and hospital discharges of patients with CHF in 24
European countries over a period of six weeks; with 51% of the
women and 30% of the men aged over 75 years [2]. The available
drugs can improve morbidity and reduce mortality rates in CHF patients
[3].

1.3. Ageing and medication adherence
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In general, factors such as multiple co-morbidities, clinical depression and reduced cognitive functioning contribute to poor medication
adherence [10–13]. The rate of hospitalization for worsening heart failure increases with patient age [14]; medication non-adherence might
be one potential reason [6]. Patient age is one part of the ﬁve dimensions
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of the WHO adherence model [4], and is, therefore, indicated as a potential determinant. Haynes [15] and Lorenc and Branthwaite [16] studied
the relationship between age and medication adherence in acute and
chronic illnesses, and found inconclusive results. Both studies did not
differentiate between diseases, indications, or drug classes. Monane
et al. investigated the adherence rates of Medicaid beneﬁciaries who received antihypertensive agents. These researchers included patients
aged 65 years and older and found that older age was associated with
better adherence [17]. However, patients with hypertension and no obvious symptoms likely exhibit a different adherence proﬁle compared
with patients with CHF. CHF is a growing health problem prevalent in
the elderly and causes high healthcare costs [18]. In CHF, the lowest adherence rates are often assumed for older patients [19]. Thus, is older
age an independent predictor of reduced adherence to CHF medication?
In addition, if we develop and implement adherence-promoting interventions into daily practice, should we focus on speciﬁc age groups?
The aim of this systematic review was, therefore, to analyze the
existing evidence of age as a determinant of medication adherence in
patients with CHF.

2. Methods

729

Search resulted in: 1565 titles
1081 (MEDLINE)
484 (Cochrane)
176 duplicates

1389 titles screened

1298 titles excluded:
1194 not A
85 not B
19 not C

91 abstracts screened

42 full-text articles assessed

20 articles selected
(4 SR, 16 studies)

49 abstracts excluded:
9 not A
12 not B
15 not C
13 editorials

22 articles excluded:
5 not A
14 not C
2 summaries
1 duplicate

2.1. Search method
We performed this systematic literature review following the
recommendations of the 27-item checklist of the PRISMA statement
(Preferred Reporting Items for Systematic reviews and Meta-Analyses)
[20,21]. We systematically searched the bibliographic database
MEDLINE and all Cochrane databases from their inception to 9th
March 2014 based on the recommendations of the Cochrane Handbook
for Systematic Reviews [22]. We placed no restrictions on languages because the authors are able to read and understand German, English,
French, Dutch and Spanish and we planned to use a translation service
if necessary.
On 9th March 2014, we used the following search strategies (1) in
MEDLINE: (((heart failure[MeSH Terms]) AND patient compliance[MeSH
Terms])) OR (((((heart failu*[Text Word]) OR myocard* failu*[Text
Word]) OR cardia* failu*[Text Word])) AND (((((((((((medication
compliance[Text Word]) OR patient adherence[Text Word]) OR patient
compliance[Text Word]) OR medication adherence[Text Word]) OR reﬁll
compliance[Text Word]) OR reﬁll adherence[Text Word]) OR medication
persistence[Text Word]) OR medication concordance[Text Word]) OR patient persistence[Text Word]) OR patient concordance[Text Word]) OR
patient cooperation[Text Word])) and (2) in the Cochrane databases:
(heart failu* OR myocard* failu* OR cardia* failu*) AND (medication
compliance OR patient adherence OR patient compliance OR medication
adherence OR reﬁll compliance OR reﬁll adherence OR medication persistence OR medication concordance OR patient persistence OR patient
concordance OR patient cooperation).

2.2. Inclusion/exclusion criteria
The titles were collected, and any duplicates were removed. To select
the relevant articles, inclusion and exclusion criteria were predeﬁned.
Studies were included if they discussed medication adherence in adult
patients with CHF (A in Fig. 1), evaluated factors contributing to medication adherence (B in Fig. 1) and analyzed the relationship between
age and medication adherence (C in Fig. 1). Studies related to nonpharmacological adherence, such as recommendations regarding exercise, ﬂuid intake, and diet, or that evaluated guideline adherence were
excluded. Descriptions of the methodology used to measure adherence,
articles on study design, short summaries, editorials and letters addressed to the editor were also excluded. The search was supplemented
by a hand search of the reference lists of all selected full-text articles.

21 Studies included in quality
assessment

Additional studies
5 new articles
(cited in 4 SR)

4 studies with poor
quality excluded

17 Studies included

Fig. 1. Selection process (PRISMA ﬂow diagram [20]). SR = systematic review. Inclusion
criteria: A: Examination of medication adherence in patients with CHF. B: Evaluation of
factors contributing to medication adherence. C: Analysis of relationship between age
and medication adherence.

2.3. Selection process
The titles were ﬁrst scanned, and an assessment of the relevant abstracts and full-text articles was then performed (Fig. 1). The relevant
articles quoted in the identiﬁed systematic reviews were also selected.
A quality check of the selected full-text articles was performed based
on the Quality in Prognosis Studies (QUIPS) tool [23]. The QUIPS tool
contains six categories that assess (1) bias due to patient selection,
(2) attrition, (3) measurement of prognostic factors, (4) outcome measurement, (5) confounding on statistical analysis, and (6) confounding
on presentation. We used the version modiﬁed by Oosterom-Calo
et al. [24] who converted the six categories of the QUIPS tool into specific questions (Appendix: Table 4). The quality score for each study was
determined in relation to the topic of this review, and this determination was performed independently by two authors (KK and LB). The
studies were rated as follows: 2.5–3 as good, 2.0–2.4 as fair and b 2.0
as poor quality. If there was a lack of consensus, a third author was
consulted (MS). We included those articles that fulﬁlled the inclusion
criteria and were classiﬁed as good- or fair-quality manuscripts.

2.4. Best evidence synthesis
We extracted the data from the included studies and used the principles of best evidence synthesis to present (Tables 2 and 3; Appendix:
Table 6) and summarize (Table 1) the ﬁndings of these studies [25].
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Table 1
Summary of characteristics of included studies.

Instrument
Studies (%)
(n)

Total
Participants
Male (sex not reported for n = 325)
Study region
Asia
Australia
Europe
USA
West-Africa
Data source
Prospective
Retrospective
Adherence measurement
Direct method
Indirect method
Non-adherent patients
Direct method (n = 484 participants)
Indirect method (n = 62,542
participants)
Relation of age and medication adherence
Signiﬁcant association
No signiﬁcant association
Quality assessment
Good quality
Fair quality

17

Relation of age to better medication

Evidence

adherence

synthesis

Participants (%)
(n)

100.0 162,727

100.0

59,560

36.7

02
01
03
10
01

11.8
444
5.9
115
17.6
402
58.8 161,663
5.9
103

0.3
0.1
0.2
99.3
0.1

11
06

64.7
1526
35.3 161,201

0.9
99.1

03
14

17.6
484
82.4 162,243

03
06

17.6
35.3

Younger

No

Older

age

Relation

age

SDC

Inconsistent

MEMS

/

0.3
99.7

Pill count

Inconsistent

136
4035

28.0
6.5

Claims data

Inconsistent

07
10

41.2 107,821
58.8
54,906

66.3
33.7

Self-report

Inconsistent

08
09

47.1 146,801
52.9
15,926

90.2
9.8

Most developed countries consider the age of 65 years, equivalent to the
usual retirement age, as a deﬁnition of “elderly” or “older person” [26].
We originally planned to deﬁne speciﬁc age groups, for instance, patients below the age of 65 years, patients aged 65 to 74 years, patients
aged 75 to 84 years, and patients aged 85 years and older. The purpose
was to clearly differentiate between these age groups. However, the
heterogeneity between the studies made it impossible, eventually.
Thus, we present published data of the included studies, and followed
the comparisons of individually deﬁned age groups in these studies
(see Section 3.3, and Appendix: Table 6). We used the harvest plot
[27] to synthesize evidence of the relationship between medication adherence and patient age (Fig. 2). Thereby, we classiﬁed studies into
three groups: the relation of younger age and better medication adherence, no relation, or the relation of older age and better medication adherence. The studies were illustrated, weighted by quality score and
sample size — sorted by instrument of measuring medication adherence. The gray ovals indicate good-quality studies, and the uncolored
ovals represent the fair-quality studies. The oval height indicates the
sample size of the studies (short oval b 1000 participants, and long
oval N 1000 participants). The results were classiﬁed as consistent
when at least 75% of the studies (with comparable instruments) demonstrated results in the same direction [24]. The level of evidence was
rated as strong (consistent results from at least two good-quality studies), moderate (consistent results from one good-quality study and at
least one fair-quality study or from more than two fair-quality studies),
or inconsistent (only one study available or the direction of results were
inconsistent) [23,24].
3. Results
3.1. Selection process
The search resulted in 1565 titles: 1081 from MEDLINE and 484 from
the Cochrane Library (Fig. 1). We excluded one duplicate publication
and selected ﬁve new relevant studies that were quoted in four systematic reviews [24,28–30]. After performing a quality assessment in relation to the topic of this review, we excluded four studies due to poor
quality (Appendix: Table 5). In these studies, medication adherence
and the measurement were not clearly described, or other important

Fig. 2. Harvest plot [27], illustrating the evidence about the relation of medication adherence and patient age. Each oval shows one study, weighted by the quality score, and by the
sample size — sorted by the instrument of measuring medication adherence: SDC (serum
digoxin concentration), MEMS (Medication Event Monitoring System), pill count, claims
data (MPR — medication possession ratio, PDC — proportion of days covered, NDC — number of days covered (in which no CHF medication was available to the patient (during
12 months)), percent acquisition method), self-report.
= study size N 1000 participants.

= study size b 1000 participants.

= fair quality score.

= good quality score.

quality items were not reported (e.g., items related to the study participants, sampling, study attrition). In the end, we included 17 studies —
eight of which were classiﬁed as good-quality studies and include
90.2% of the study participants, and nine with fair quality.
3.2. Study characteristics
Tables 1 and 2 provide a descriptive summary of the included studies, which covered a total of 162,727 patients. Nearly 60% of the studies
were conducted in the USA, and these included 99.3% of the patients. In
addition, 35.3% of the studies were retrospective data evaluations and
included 99.1% of the participants. Six studies had a sample size of
greater than 300 participants. CHF was an inclusion criterion in all of
the studies. The authors considered the total drug regimen, only cardiovascular medication or selected drug classes, such as angiotensinconverting enzyme inhibitors (ACEI), angiotensin-II-receptor antagonists (ARB), β-blockers (BB), spironolactone, diuretics, and digoxin.
3.3. Age characteristics
Six studies deﬁned different age groups and compared medication
adherence between these groups (≤64, 65–74, 75–84, and ≥85 years
[31], ≤60 and N 60 years [32], 65–74, 75–84, and ≥85 years [33], 35–
56, 57–64, 65–72, and 73–89 years [34], ≤65 and N65 years [13], b 30,
30–49, 50–69, and ≥ 70 years [35]). Three studies correlated age and
medication adherence using a multivariate model but did not provide
additional information on the age groups [36–38]. Other studies compared the mean age of the adherent and non-adherent patients [39–46].
Not all of the studies presented complete information on the age
characteristics of the participants. Nine studies reported the mean age
of speciﬁc groups, including 108,196 patients [31,33,39,40,42–46]. 14
studies reported the mean age of all of the patients (53–80 years;
62,650 patients). Seven studies reported the age range (20–99 years)
for 8134 patients [32–35,38,42,43]. An age of at least 65 years,
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Table 2
Characteristics of included studies.
Reference

Region

Participants
N

Older age signiﬁcantly related to better medication adherence
Ambardekar et al. [39]
USA
54,322 /

[N18]a

Bagchi et al. [31]

USA

/

Dunlay et al. [40]

USA

209 73.7 (13.5)

Evangelista et al. [32]

USA

82 54.1 (12.9)

Miura et al. [43]

Japan

Monane et al. [33]

USA

Rodgers and Rufﬁn [34]

USA

45,572 /

325 59.3b
7247 77.2 (7.7)
64 65

/
(22–90)
(33–89)b
[65–99]

a

(34–89)

No signiﬁcant relation between age and medication adherence
Granger et al. [41]
25 countries
7599 66 (11)

[N18 y]a

Michalsen et al. [42]

Germany

179 75.4 (9.9)

(49–95)

Mockler et al. [44]

Ireland

183 /

/

119 53.2 (14.8)

/

Modares-Mosadegh and Sadr Bafghi [45] Iran
Muzzarelli et al. [46]

Switzer-land

Rich et al. [36]

Data source

Statistical method

Quality

Retrospective
GWTG-HF
Retrospective
Medicaid data
Prospective
Reﬁll data
Prospective
HF clinic
Prospective
Hospital
Retrospective
Medicaid data
Prospective
Clinic

Multivariate logistic regression analysis Good

Mean age, years (SD) Age range, years

40 69 (12)

/

USA

156 79.4 (6.0)

/

Schweitzer et al. [13]

Australia

115 63

/

Setoguchi et al. [37]

USA

Wu et al. [38]

USA

134 61.2 (11.5)

(24–87)

Yayehd et al. [35]

Togo

103 54 (36)

(25–89)

46,278 80 (10)

/

Retrospective
(CHARM study)
Prospective
Hospital
Retrospective
DMP
Prospective
Clinic
Prospective
Hospital
Prospective
Hospital
Prospective
Hospital
Retrospective
Medicare data
Prospective
Clinic
Prospective
Hospital

Regression analysis

Good

t-Test

Good

Multivariate linear regression

Good

Multiple regression analysis

Fair

Linear regression model

Fair

Odds ratio

Fair

Multivariable regression model

Fair

t-Test

Fair

t-Test

Good

t-Test

Fair

t-Test

Good

Multiple regression

Fair

t-Test

Good

Multivariate regression

Good

Hierarchical multiple regression

Fair

Univariate analysis

Fair

CHARM = Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity.
DMP = Disease Management Program.
GWTG-HF = Get With The Guidelines-Heart Failure registry.
HF = heart failure.
a
Inclusion criteria.
b
All observed participants (N = 834).

respectively 70 years was one of the inclusion criteria in two studies [33,
36]. Six studies reported the characteristics of the different age groups
[13,31–35].

all deﬁnitions, measurements, and results of medication adherence of
studies included in this review.
3.5. Age-related medication adherence

3.4. Medication adherence
Three studies directly measured medication adherence (serum digoxin concentration) [43,45,46]. The remaining 14 studies used indirect
methods, such as self-reporting (n = 6), proportion of days covered
(PDC) with medication (n = 4), pill count (n = 2), or medication possession ratio (MPR; n = 1). Only one study used the Medication Event
Monitoring System (MEMS) as an electronic tool [38]. The cut-off points
for “good” medication adherence were ≥ 75% in three [32,34,46] and
≥ 80% in four studies [31,37,40,41]. In 10 articles, the cut-off points
were either not reported [13,33,36,39] or speciﬁc deﬁnitions were applied [35,38,42–45]. Seven studies reported the mean adherence rates
for all of the participants [13,31,32,36–38,43]. Overall, the adherence
rate was 73.2% and ranged from 37.6% [37] to 96.3% [32]. Nine of the
17 articles reported the number of non-adherent patients. Three studies
directly measured the non-adherence to digoxin in 136 of a total of 484
patients (28.0%) [43,45,46]. Six studies measured medication nonadherence through indirect methods for 4035 of a total of 62,542 participants (6.5%) [35,36,39,41,42,44]. Table 3 shows the deﬁnitions and
measurements of medication adherence. Table 6 (Appendix) presents

In the best evidence synthesis, we rated the relationship between
age and medication adherence as inconsistent (Fig. 2). Ten studies,
which included 33.7% of all study participants, found no statistically signiﬁcant association between age and medication adherence [13,35–38,
41,42,44–46]. Six studies stated a statistically signiﬁcant relationship
between older age and better medication adherence [31–33,39,40,43].
One article showed that patients in the range of 57 to 64 years were
the group that exhibited the highest non-adherence to angiotensinconverting enzyme (ACE) inhibitors [34].
Of those that found a signiﬁcant relationship between older age and
better medication adherence, three studies, which included 33.0% of
all patients studied, reported the mean age of the non-adherent patients: 60.8 [43], 64.2 [39], 67.9, and 68.2 years [40], respectively. The
mean age of the adherent patients was 66.3, 73.6, 73.4, and 75.1 years,
respectively. One study identiﬁed that patients aged at least 60 years
presented a better medication adherence than younger patients [32].
Two studies demonstrated that patients aged 65 to 74 years exhibited
a higher risk of non-adherence than older patients [31,33]. Fig. 3
presents the main results of the studies with signiﬁcant results.
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Table 3
Medication adherence — deﬁnitions and instruments of included studies.
Reference

Medication adherence: deﬁnition

Older age signiﬁcantly related to better medication adherence
Ambardekar et al. [39]
/
Bagchi et al. [31]
Good drug adherence: ≥80% of days a patient
was supplied with more than one CHF drug,
related to the ﬁrst and the last prescription date.
Dunlay et al. [40]
Poor adherence: PDC b 80% adherence.
Evangelista et al. [32]
A score ≥ 75% categorized the patient as adherent.
Miura et al. [43]
Monane et al. [33]

Rodgers and Rufﬁn [34]

Non-adherent if the SDC was below the detection
limit for all three measurements.
/

Non-adherence was deﬁned as a cumulative
percent acquisition of b75%.

No signiﬁcant relation between age and medication adherence
Granger et al. [41]
Proportion of time patients took more than 80%
of study medication as prescribed.
Michalsen et al. [42]
Non-adherent, if patient reported taking drugs only
intermittently or not at all.
Mockler et al. [44]
Discontinuation of disease-modifying therapy for
any period since recruitment to the program
was classiﬁed as non-persistence
(“indirect measurement of adherence”).
Modares-Mosadegh and Sadr Bafghi [45] Non-adherent: SDC more than 50% greater or 50%
lower than the predicted level.
Muzzarelli et al. [46]
Poor adherence of digoxin: SDC during
follow-up b 0.4 ng/mL and/or a medication intake ≤ 75%.
Rich et al. [36]
/
Schweitzer et al. [13]
/
Setoguchi et al. [37]
Full adherence: PDC ≥ 80%.

Instrument

Adherence, mean % (SD)

Clinician interview and patient self-report
MPR and medication persistence [81]

/
71.9 (44.4)

PDC, pharmacy records [5]
Modiﬁed version of the Compliance
Questionnaire [82]
SDC

/
96.3 (8.9)
77.8 (outpatients)

Number of days during the 12 months
/
period after an initial digoxin prescription
in which no CHF medication was
available to the patient.
Percent acquisition method (validated) [83] /

Patients report, pill bottles check, pill count

/

Standardized interview

/

Comparing the patient-reported medication /
proﬁle with the physician-prescribed
medication proﬁle and identifying
episodes of non-persistence.
SDC
/
SDC, CARDIA-Questionnaire [67]

/

Pill count
HFCQ [32]
PDC

84.6 (15.1) range 23.1–100
91.2
55.9 (RAAS)
54.5 (BB)
37.6 (SL)
89 (12–102)
81 (0–100)
67 (0–100)
/

Wu et al. [38]

Patient medication taking behavior corresponded
with the prescribed medication regimen.

MEMS (dose count, dose-day, dose-time)

Yayehd et al. [35]

Classiﬁed as “mauvaise observance” if ≥3 times
of answering yes to six questions.

Questionnaire de Girerd [84]

CARDIA = cardiovascular risk factors in young adults.
CHF = chronic heart failure.
HFCQ = Heart Failure Compliance Questionnaire.
MEMS = Medication Event Monitoring System.
MPR = medication possession ratio.
PDC = proportion of days covered.
SDC = serum digoxin concentration.

4. Discussion
To the best of our knowledge, this study provides the ﬁrst systematic
review of the existing evidence of age as a determinant of medication
adherence in CHF patients. We analyzed data from 17 studies and a
total of 162,727 patients with CHF. Eight studies, which include 90.2%
of the participants, were classiﬁed as good-quality studies, and nine
were rated as fair-quality studies. The results of the best evidence synthesis were rated as inconsistent: seven articles (including 66.3% of
the study participants) reported a signiﬁcant association between age
and medication adherence, and 10 did not. Those with signiﬁcant results suggest that older age is not related to poorer medication adherence compared with younger CHF patients. This ﬁnding is contrary to
the assumption that medication adherence is reduced in older patients
with CHF [9,19].
Overall, our ﬁndings suggest that younger patients have a higher
likelihood for medication non-adherence. We found two studies that
presented the age range of non-adherent patients as 65–74 years [31,
33], whereas one presented this age range as 57–64 years [34]. Another
study identiﬁed patients aged 60 years and younger as the higher nonadherent group [32], and three studies showed the mean age of non-

adherent patients (as 64.2, 67.9, 68.2, and 60.8 years, respectively [39,
40,43]). How do our results correspond with the previous literature?
Wu et al. found that older CHF patients were more adherent than younger ones, as determined from studies with a large number of participants, multivariate analyses, and objectively measured medication
adherence [28]. Wong et al. found the lowest adherence rates from
the study of the angiotensin-II-receptor antagonist (ARB) candesartan
in the youngest age group [47]. Evangelista et al. reported a higher adherence score in CHF patients aged at least 65 years compared with
younger patients [48]. Another study showed that older CHF patients
more consistently took their medication as prescribed, in their everyday
regimen [49]. Previous studies of patients with hypertension showed
younger age as a predictor of lower medication adherence [17,50–52].
Additionally, young-old veterans (65–74 years of age) with multiple
drug regimens were less adherent than older ones (≥ 75 years old)
[53]. Our results are conﬁrming these ﬁndings.
Cohen et al. found younger age as a predictor of lower medication
adherence post-discharge, in patients hospitalized for cardiovascular
disease [54]. Non-adherence is common for newly prescribed medications for chronic diseases [55,56]. Younger patients are often less adherent to initial treatment [57–59] because they are newly diagnosed [34],
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a 100
Age (years)

90
80
73.6

70

75.1

73.4
67.9

64.2

68.2

66.3
60.8

60
50
40
[39]

[40]
ACEI/ARB

[40]
Statins

[43]

Studies [references]

b

100

Age (years)

90
80
74

74

70
65

65

60

64

60

57

50
40
[31]

[32]*

[33]

[34]

Studies [references]
Fig. 3. Age (mean or most affected age-range) of the non-adherent CHF patients, presented in the seven studies with statistically signiﬁcant results [31–34,39,40,43]. (For details
see Appendix: Table 6.) a. ■ Mean age of adherent CHF patients. ♦ Mean age of non-adherent CHF patients. Ambardekar et al. [39] p = 0.0001, Dunlay et al. [40] ACEI/ARB: p = 0.05;
statins: p = 0.03, Miura et al. [43] p = 0.001. ACEI = angiotensin-converting enzyme inhibitors. ARB = angiotensin-II-receptor antagonists. CHF = chronic heart failure.
The mean age of adherent versus non-adherent patients was not reported in [31–34].
b. ! Most affected age range of non-adherent CHF patients. Bagchi et al. [31] p = 0.01,
Evangelista et al. [32] p b 0.001, Monane et al. [33] p = 0.05, Rodgers and Rufﬁn [34]
odds ratio 17.83. *Evangelista et al. [32] identiﬁed patients ≤60 years as most affected
by non-adherence. The most affected age range of non-adherent patients was not reported
in [39,40,43].

limited in their disease knowledge [60], burdened with their treatment
regimen, and fearful of side effects [17,19,61]. Older patients are
thought to receive more support regarding their medication management [33] and comply due to visible symptoms of progressed disease
[17]. Older patients may have a greater belief in the importance of disease management and have more experience with their medications
[54,60,61].
Six of the included studies regarded medication adherence in different age groups. The classiﬁcation into different age groups and different
sample sizes complicated the comparison [16]. Only a few studies
regarded predeﬁned age groups. Therefore, it is difﬁcult to show the inﬂuence of age on medication adherence [62]. A previous study showed
that less than 5% of the published articles focused on older patients [63].
It can be assumed that older patients included in clinical trials are not
representative of the real population, which is markedly more heterogeneous [62,64]. For example, Medicare beneﬁciaries over 64 years of age
and hospitalized for worsening heart failure were compared utilizing
the inclusion and exclusion criteria from three large randomized clinical
trials. Only 20% of the patients were suitable to be included in these trials, and older patients met fewer inclusion criteria than younger ones
[65]. In general, it is a logical assumption that patients with multiple
co-morbidities, and complex medication regimens have, therefore,
greater difﬁculties to take their medication [6]. Multimorbidity is prevalent in older patients [66], but it is not a problem in the elderly only.
Thus, future research should focus on speciﬁc age groups, and include
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co-morbidities. Increasing life expectancy and the prevalence of CHF
demonstrate the importance of research in this area.
Another important challenge is that researchers (1) use different
deﬁnitions of medication adherence, (2) use different methods to measure adherence, (3) deﬁne different cut-off points to describe (non-) adherence, and (4) report different adherence rates (e.g., proportion or
number of patients, percentage of adherent days, and adherence scale
scores [67]). We found three studies that directly measured medication
adherence based on the serum digoxin concentration and 14 that measured it through indirect methods (e.g., self-reporting, proportion of
days covered (PDC), pill count, medication possession ratio (MPR),
and Medication Event Monitoring System (MEMS)). Systematic reviews
have identiﬁed approximately 50 unique instruments for the measurement of adherence to antihypertensive medications and (other) medications for chronic diseases [68,69], and the Morisky Medication
Adherence Scale (MMAS) [70] was identiﬁed as the most frequently
used instrument. We found three studies with cut-off points of “good”
medication adherence of ≥75%, and four studies with cut-off points of
≥80%. In 10 articles, the cut-off points were either not reported, or speciﬁc deﬁnitions were applied. Conventionally, medication use rates
higher than 80% are accepted as “good/acceptable” adherence [69,71].
But, even this cut-off is selected randomly, and does not characterize
the important patient behavior of taking the medication as prescribed
[6]. Four of the included studies show an overall mean medication adherence rate higher than 80%, which is in contrast to the general speciﬁcation of an adherence of 50% to long-term therapy for chronic
diseases [4]. It is likely that the comprehensive monitoring of patients
and a selection bias in clinical trials have an impact [71]. The results
show wide variations in medication adherence rates between 37.6%
[37] and 96.3% [32] depending on the measurement of medication adherence and the drug classes studied. In conclusion, it is difﬁcult to summarize the results of previous studies to reach valid statements
regarding medication adherence rates [28]. “There is a need for consistency in the adherence-related terms used to allow for comparison of
research in this area” [72]. A perfect method to measure medication
adherence in patients with CHF is currently unavailable [56,73], but it
is necessary to use reliable and validated instruments [68,74].
4.1. Clinical consequences
The aim of measuring medication adherence in daily practice is to
predict outcomes. Our results are inconsistent but suggest that medication adherence is not lower in older CHF patients compared with younger patients. The general assumption that the main focus for adherence
support is within older patients, may be incomplete. Programs to enhance medication adherence in elderly patients – affected by multiple
chronic diseases, complex medication regimes, and cognitive dysfunctions – are important, but younger patients with CHF should not be
forgotten [52]. For all CHF patients, the monitoring of medication adherence is recommended. Osterberg et al. noted that a non-judgmental
question to evaluate patients' medication-taking behavior is potentially
more appropriate for obtaining honest answers [71,75].
It is still not possible to systematically identify patients with a high
risk of non-adherence [34]. All of the presented results show that
more information is needed to derive speciﬁc recommendations for
evidence-based clinical interventions in order to improve medication
adherence [19,56].
4.2. Limitations
We searched only two, albeit the most important, electronic libraries, namely MEDLINE and the Cochrane library [21,76]. The Cochrane
library consists of the Cochrane Database of Systematic Reviews
(CDSR), the Database of Abstracts of Reviews of Effects (DARE), the
Cochrane Central Register of Controlled Trials (CENTRAL) and other
resources, including large numbers of citations from EMBASE and
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citations not covered by either MEDLINE or EMBASE [77]. In addition,
during the initial screening process of the titles, relevant articles
may have been excluded prematurely. Mateen et al. showed, however,
that screening of titles only compared to screening of titles and abstracts
resulted in the same set of articles for their systematic literature review.
Hence, this method appears acceptable [78].
The absence of a gold standard for the measurement of medication
adherence, inconsistent deﬁnitions of medication adherence, and
different cut-off points complicate the comparison of the results of previous studies. Hence, a meta-analysis was not justiﬁed for our systematic literature review. A meta-analysis is only feasible and appropriate if
the included studies have a comparable methodological quality and
the observed effects are consistent [79,80]. The used harvest plot
(Fig. 2) is a method for illustrating the synthesized evidence if a metaanalysis is unsuitable [27].
5. Conclusions
Our results suggest that older age alone is not related to poorer medication adherence compared with younger patients with CHF. Because
non-adherence to medication remains an important issue, more focus
should be paid to younger newly-diagnosed patients with CHF. This suggestion may help to predict patients who may beneﬁt from further interventions. The continuous monitoring of adherence to medication and the
exploration of potential reasons for non-adherence are recommended.
We were unable to identify a single study with the objective of
exploring the relationship between (different) age (groups) and CHF
medication adherence. Therefore, future studies should explore medication adherence in different, standardized, and predeﬁned age groups
and should be sufﬁciently powered. Ideally, these studies should be
conducted in real-life ambulatory-care CHF patients and measure
relevant clinical endpoints.
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