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Abstract

Introduction Frailty is highly prevalent in heart failure populations and a major risk factor for adverse drug reactions (ADRs)
and adverse drug events (ADEs). This review aimed to describe the prevalence, causality and severity of ADRs or ADEs
from heart failure medications among frail compared with non-frail older adults.

Methods A systematic search of CENTRAL, MEDLINE, Embase, Ageline, CINAHL, International Pharmaceutical
Abstracts, PsychInfo, Scopus, registries and citations prior to 18 May 2021 was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 checklist. Risk of bias and quality of evidence
were assessed. Eligible studies included randomised controlled trials (RCTs) and observational studies of people diagnosed
with heart failure, aged > 65 years, with frailty defined by an objective measurement, and reported ADRs/ADEs from/with
heart failure medications.

Results Two reviewers screened 2419 articles; interrater reliability kappa = 0.88. Three observational studies (n = 2596),
a secondary analysis of two RCTs (n = 2098) and two cohort studies (n = 498) were included in a narrative synthesis. Frail
patients in randomised trials of sacubitril/valsartan, aliskiren, or enalapril had twice the risk of mortality (hazard ratio [HR]
2.09, 1.62-2.71) and hospitalisations (HR 1.82, 1.37-2.41) compared with robust patients, which may reflect responsiveness
to medications and/or factors unrelated to medication use. Hospitalisations from falls, tiredness and nausea were probably
attributable to digoxin and possibly preventable according to the Naranjo and Hallas scales, respectively.

Conclusion The potential harms from heart failure medications in frail older people are poorly studied and understood.
Clinical trials and pharmacovigilance studies should include frailty as a covariate to inform medication optimisation for this
vulnerable and growing population.

Registration Prospero registration number: CRD 42021253762.
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Key Findings

¢ The scarcity of knowledge and uncertainty of reported potential harms from
heart failure medications in frail older people, suggests this vulnerable
population is very underrepresented in studies.

¢ In three studies, there were very low to low levels of evidence in frail older
people to support a 2-fold risk of hospitalisation and mortality with renin-
angiotensin system inhibitors and that falls, nausea and tiredness from digoxin
led to possibly avoidable hospital readmissions.

* There is a need for high quality research in older heart failure patients to
include measures of frailty and frail participants, to inform patient-tailored
treatment plans.

GRADE quality of evidence
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Very Low = digoxin* ACEI/ARB
N
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Falls, Tiredness, Nausea Hospitalisation Mortality

Reported ADRs* or ADEs in frail older people

* The causes and avoidability of ADRs were defined with the Naranjo and
Hallas scales. All other studies were limited to reporting ADEs

ACEI/ARB angiotensin converting enzyme inhibitors or angiotensin receptor blockers, ADEs
adverse drug events, ADRs adverse drug reactions.
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The scarcity of knowledge and uncertainty of reported
potential harms from heart failure medications in frail
older people, suggests this vulnerable population is very
underrepresented in studies.

In three studies, there were very low to low levels of
evidence in frail older people to support a twofold risk of
hospitalisation and mortality with renin-angiotensin sys-
tem inhibitors, and that falls, nausea and tiredness from
digoxin led to possibly avoidable hospital readmissions.

There is a need for high-quality research in older heart
failure patients to include measures of frailty and frail
participants, to inform patient-tailored treatment plans.

1 Introduction

Heart failure affects approximately 65 million people
worldwide and 50-75% die within 5 years of diagnosis
[1-3]. Heart failure is the most common cause of hos-
pitalisation in older people, accounting for 10% of hos-
pitalisations among adults aged > 75 years, and adults
aged > 75 years account for 50% of heart failure-related
hospitalisations [4-6].

A critical aspect of providing care to older adults with
heart failure is medication management, particularly opti-
mising use of disease modifying and symptomatic treat-
ments and minimising adverse drug reactions (ADRs).
ADRs refer to “any response to a drug which is noxious
and unintended, and which occurs at doses normally used
for the prophylaxis, diagnosis, or therapy of disease, or for
the modifications of physiological function” [7]. Adverse
drug events (ADEs) broadly refer to any adverse outcome
occurring in people taking a medication, whereas ADRs
involve a causal relationship between medication and
adverse reaction. Frailty, a syndrome associated with mul-
tisystem deficiencies or disabilities that lower individuals’
resilience to stressors and risk decompensation at lower
thresholds, is present in up to 74% of older adults with
heart failure [8]. Frailty is associated with increased risk
of adverse outcomes and exacerbates the risk of ADRs in
older heart failure patients [9, 10].

Yet the risk of ADRs among older people with heart
failure and frailty are not well-established and are poorly
represented in clinical trials of pharmacological interven-
tions [11]. Understanding ADRs and ADE:s in this popula-
tion could ultimately help inform interventions to improve

outcomes in this vulnerable population, since over half the
hospital admissions due to ADRs are believed to be pre-
ventable [12]. Therefore, this review aimed to describe the
prevalence, causality and severity of ADRs or ADEs from
heart failure medications among frail compared with non-
frail older adults.

2 Methods

A systematic review was conducted according to the pro-
tocol (Prospero registration number: CRD 42021253762)
[13], and amended with additional authorship and data val-
idation implemented at the data analysis stage. The review
was reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 checklist [14]. A search of eight databases, includ-
ing CENTRAL, MEDLINE, Embase, Ageline, CINAHL,
International Pharmaceutical Abstracts, PsychInfo, and
Scopus, was performed for human studies prior to 18 May
2021 disseminated in English. Published and unpublished
studies were searched in Prospero and ClinicalTrials.gov,
as well as citations in relevant studies. The search terms
applied were frail older adults, heart failure-specific medi-
cations, and ADRs or ADEs. Validated filters for ADRs
and ADEs were adapted from Golder et al. [15] (Electronic
Supplementary Material [ESM] Table S1). The search
was validated using the Peer Review of Electronic Search
Strategies (PRESS) checklist [16] (ESM Table S2).
Eligible studies included randomised controlled trials
(RCTs), meta-analyses, or observational study designs,
across all health care settings. Qualitative studies, self-
reports, case reports, case series, expert opinion, reviews
and trials of pharmacotherapy with cardiovascular agents
for indications other than heart failure were excluded. In
cases where outcomes were reported in parallel studies
that were ineligible, authors were contacted to request
missing data of subgroup analysis. We included studies of
individuals or analysis of subgroups for participants who
were diagnosed with heart failure, treated with heart fail-
ure-specific medications, aged > 65 years and described
as frail using an objective criteria or frailty measurement.
The term ‘frail” was defined using systematically defined
criteria specified by the authors (e.g., Frailty Phenotype
[17], Frailty Index (FI) score [18], Clinical Frailty Score
[19]). Guideline-directed heart failure-specific medi-
cations (ESM Table S3) were administered alone or in
combination and in fixed or titrated (up/down) regimens.
We included studies that measured ADRs or ADEs with
definitions and/or causality assessment criteria secondary
to a specific medication or pharmacological class, or spe-
cific ADRs or ADEs. Categories of severity ranged from

A\ Adis



634

M. H. Duong et al.

mild or moderate clinical symptoms to severe outcomes
of serious clinical risk or leading to death. Studies that
only reported prevalence of heart failure medication use
without reporting ADR or ADE outcomes were excluded.

The eligibility criteria were pilot tested on a 5% random
sample of studies by the entire research team. Two review
authors (MD and MS) independently performed screen-
ing and risk of bias, and disagreements were resolved
by consultation with a third reviewer (DG/AM/PG/SH).
Search results were screened with Covidence software
(Melbourne, VIC, Australia) and duplicates were removed
using the automated duplicate removal function, or manu-
ally identified. Data from the included studies were entered
into a standard data form for participant and study char-
acteristics, quality or risk of bias, outcomes and adverse
events. Studies were grouped by study design and frailty
status. One reviewer (MD) collected data into spreadsheets
and a second reviewer (MS) validated 30% of the data
for accuracy of reporting. Results were reviewed by the
entire research team. A narrative synthesis of the key find-
ings was summarised in tables and/or described, and forest
plots were generated using R studio software. Study design
and frailty groups were presented separately.

Risk of bias was assessed using the ROBINS-I Cochrane
Collaboration risk of bias assessment tool for non-ran-
domised studies of interventions (ESM Fig. S1) [20]. The
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach (ESM Table S4) [21,
22] was used to summarise the overall quality of evidence
for outcomes assessed by two reviewers (MD and MS).
Analysis of prevalence, causality and severity of ADRs and
ADEs was stratified according to the assessment model or
GRADE score.

3 Results

The search identified 2419 studies; 923 studies were iden-
tified as eligible and 3 met the inclusion criteria selected
for analysis (Fig. 1). The kappa statistic was 0.88 for inter-
rater reliability of screening. Three observational studies
(n = 2596), including a secondary analysis of two RCTs
(n =2098) and two prospective observational cohort studies
(n = 498), were identified and are summarised in Table 1.
All studies reported severe ADEs of mortality and/or hos-
pitalisation and one study reported mild to moderate ADRs

[ Identification of studies via databases and registers ] { Identification of studies via other methods
)
Ageline | | CENTRAL | [ CINAHL | [ EMBASE | | IPA [| MEDLINE | Psychinfo | | Scopus Records identified from:
(n= 15) (n=41) (n= 85) (n=741) [ | 0=9) || (n=293) (n=7) (n=1003) Websites (n= 4)
Citation searching
S (n=209)
®
o
=
= y
=
Records identified from: (n=2210) Records removed before screening:
Databases (n=2194) > Duplicate records removed by automation tools
Registers (n= 16) (n=772)
—
| v
——
Records screened Records excluded Reports not retrieved
(n=1438) > Manual duplicates removed (n= 56) Reports sought for retrieval Automated duplicates (n= 44)
Irrelevant (n= 595) (n=213) Manual duplicates (n= 8)
l Irrelevant (n= 25)
Reports sought for retrieval > Reports not retrieved (n= 0)
= (n=787)
=
8
O
w
Reports excluded: (n= 785) Reports assessed for
Reoort A for elaibilt Wrong Diagnosis (n= 555) P aigibilty Reports excluded: (n= 135)
eports ass:f57e87 or eligibility »  Wrong Intervention (no HF treatment) (n= 124) (n=136) Wrong Diagnosis (n= 9)
(n=787) Wrong Comparator (no frailty measured) (n= 34) Wrong Intervention (n=11)
Wrong Outcome (no ADR/ADE) (n= 61) Wrong Comparator (n= 90)
Wrong Outcome (polypharmacy only) (n= 6) Wrong Outcome (n= 25)
Wrong population (n= 5)
__
T A
= Studies included in review
e (n=2) «
e Reports of included studies
= (n=1)

[

Fig. 1 Search strategy results. HF heart failure, ADR adverse drug reaction, ADE adverse drug event
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leading to preventable hospitalisation [23]. The adapted FI
[24] and modified frailty phenotype criteria [17] were used
to define frailty in these studies.

A secondary analysis of two RCTs [25] compared out-
comes by frailty group among participants with heart fail-
ure with reduced ejection fraction (HFrEF) from the PAR-
ADIGM-HF [26] (sacubitril/valsartan vs. enalapril) and
ATMOSPHERE [27] (aliskiren with/without enalapril vs.
enalapril) trials, which had identical inclusion and exclu-
sion criteria and similar study protocols (ESM Table S5).
For both trials, frailty was defined from an adapted FI [24],
involving cumulative deficits in a 42-item FI. Participants
with an FI < 0.210 were considered non-frail/robust and
patients with an FI > 0.210 were considered frail, and
were further divided into groups by increments of 0.100
(0.211-0.310 or > 0.311). Increased frailty score was asso-
ciated with increased risk of adverse outcomes in a sub-
group analysis of participants aged > 75 years from both
trials [25], but the prevalence of mortality and/or hospitali-
sation was not reported in this subgroup. Figure 2 shows
an exposure—response trend between increasing frailty and
risk of mortality and hospitalisations for participants taking
sacubitril/valsartan, enalapril or aliskiren. Frail participants
with an FI > 0.311 had an approximately twofold increase
in mortality and hospitalisation compared with non-frail
participants with an FI < 0.210. Frail participants with an
FI > 0.311 had a higher risk of cardiovascular mortality
(sub-distribution hazard ratio [sHR] 2.09, 1.62-2.71), all-
cause mortality (hazard ratio [HR] 2.28, 1.81-2.87), heart
failure hospitalisation (sHR 1.82, 1.37-2.41) and primary

Fig.2 Severe adverse drug Outcome

events by Frailty Index Score

for sacubitril/valsartan, or

tenalapri.l [25]. The p-value . F10.211-0.310

interaction for each outcome is Fl > 0.311

provided for treatment effect on )

overall frailty. HR hazard ratio,

CI confidence interval, HF heart

failure, CV cardiovascular F10.211-0.310
FI > 0.311
F10.211-0.310
FI > 0.311
F10.211-0.310
FI>0.311

Common effect model
Random effects model

composite (sHR 2.03, 1.64-2.52) than those with an FI
< 0.210. However, only all-cause mortality was statisti-
cally significantly higher in patients with FI scores between
0.211 and 0.310 than in those with an FI < 0.210 (HR 1.37,
1.08-1.74). There was no significant difference (p = 0.77,
0.54, 0.26, 0.83) in treatment effect of sacubitril/valsartan
compared with enalapril between the frailty groups across
all age groups, non-specific to ages > 75 years, among the
reported outcomes in Fig. 2. These outcomes (all-cause
mortality and hospitalisation) were scored as having a low
level of evidence and low risk of bias (ESM Fig. S1 and
Table S4).

FRAIL-HF [28] was a prospective cohort study that eval-
uated the impact of frailty in non-dependent people aged
> 70 years hospitalised for HF. A twofold risk of mortality
and heart failure readmission, as well as increased disabil-
ity in frail compared with non-frail older inpatients, was
reported [25]. The modified frailty phenotype definition
[17] was applied to identify frail participants. The reported
use of angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs) in frail compared with
non-frail participants was 66.5% and 82.7%, respectively
(p = 0.002). Frailty was associated with an increased risk of
1-year mortality (HR 2.13, 1.07—4.23), with no interaction
between frailty and the effect of ACEIs/ARBs on survival
(p =0.14). During the 1-year follow-up period, deaths were
reported in 25.0% (n = 79) of frail participants and 11.0%
(n = 11) of non-frail participants (p < 0.001). The risk of
mortality with frailty in heart failure patients was scored as

Hazard Ratio HR 95%-ClI P value
|
|
— 1.04 [0.77;1.40] 0.7675
—HE— 1.82 [1.37;2.41]
i
|
—— 1.30 [0.99;1.70] 0.5439
—=— 2.09 [1.62;2.70]
i
Kl
—— 1.37 [1.08;1.74] 0.2633
| —==— 2.28 [1.81;2.87]
|
i
4= 1.16 [0.93; 1.45]  0.8332
i—==— 2.03 [1.64; 2.52]
|
|
1.61 [1.47; 1.75]
~ 1.58 [1.29; 1.94]
[ |
0.5 1 2

Unlikely to experience outcome Likely to experience outcome

*HR reported instead of sHR
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having a very low level of evidence and moderate risk of
bias (ESM Fig. S1 and Table S4).

The TREEE study [23] was a prospective cohort study
examining the impact of medications on hospital readmis-
sion within 30 days in frail patients, defined using the modi-
fied frailty phenotype criteria [17], aged > 75 years. ADRs
were identified using the Naranjo score and the avoidability
of readmissions was determined using the Hallas criteria and
clinical judgement [29, 30]. The TREEE study reported 13
ADRs that were causes of readmissions. Of the 96 patients
readmitted, heart failure was the most common diagnosis
(n =48, 50%), chronic heart failure was reported as an inde-
pendent predictor for early hospitalisation (p = 0.024), and
no deaths were reported. In the heart failure subgroup, two
ADRs were classified as probably caused by digoxin use
indicated for heart failure. The reasons for ADRs leading
to hospitalisation were falls (Naranjo score = 5) and tired-
ness and nausea (Naranjo score = 6). Hospitalisation due to
these ADRs were reported as possibly avoidable according
to the Hallas criteria, with at least one or more alternative
approaches or prevention available in theory. Readmissions
attributed to adverse effects of dyspnoea (n = 8), tiredness
(n =2) and worsened general condition (n = 1) from under-
use of ACEIs, ARBs or p-blockers were more frequently

Fig.3 The graded quality of
evidence in frail compared
with non-frail older people
summarising the risk of ADRs

GRADE quality of evidence

reported than ADRs from digoxin use (n = 2). Only the
TREEE study reported the likelihood and preventability of
ADRs from heart failure-specific medications in this review;
however, the quality of evidence for falls, nausea, tiredness
and hospitalisation was very low and with serious risk of
bias. Due to the paucity of data, we could not report the
prevalence for many common ADRs for other drug classes,
reflected in the grading of evidence (ESM Fig. S1 and
Table S4). Figure 3 summarises the prevalence of ADRs
and ADEs with heart failure medications in frail compared
with non-frail older people according to the GRADE quality
of evidence.

4 Discussion

The scarcity of knowledge in the literature highlights the
poor representation of older frail populations in standard
clinical trial and observational study protocols. ADRs and
ADEs were not frequently reported for well-defined frail
older populations with heart failure, and when investigated,
very few outcomes were included. Regardless of the defini-
tion of frailty applied, increased risk was reported in frail
compared with robust older people. While some increased

or ADEs from heart failure Very High =
medications. *The causes and
avoidability of ADRs were
defined using the Naranjo and
Hallas scales. All other studies .
were limited to reporting of High
ADEs. ADRs adverse drug
reactions, ADEs adverse drug
events, GRADE Grading of
Recommendations Assessment, Moderate
Development and Evaluation
Low aliskiren, enalapril, sacubitril/valsartan
Very Low digoxin* ACEI/ARB
N
T T 7
Falls, Tiredness, Nausea Hospitalisation Mortality

Reported ADRs* or ADEs in frail older people

ACEI/ARB: Angiotensin Converting Enzyme Inhibitors or Angiotensin Receptor Blocker"
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risk of adverse outcomes from heart failure treatments were
observed in frail compared with non-frail older people, these
results were difficult to interpret and were uncertain.

The lack of high-quality studies in the literature reflects
the widespread exclusion of vulnerable populations from
heart failure clinical trials [31, 32]. Standard trial protocols
often report findings for subgroups by age, sex, ethnicity,
geography, and various cardiac-related factors. However,
frailty and advancing age remain underrepresented in clini-
cal and observational study designs despite evidence they
are independent risk factors in heart failure. Most clini-
cal trials related to heart failure were in those aged < 65
years, even though most real-world patients were older, had
increased risk of multimorbidity and polypharmacy, and
50% of heart failure-related hospitalisations occur in those
> 75 years of age [6, 32]. The participation prevalence ratio
(PPR), used to indicate underrepresentation (PPR < 0.8) or
overrepresentation (PPR > 1.2) of older people compared
with their ‘real world” disease population, was significantly
lower for people > 65 years (PPR 0.48-0.62) and > 75 years
(PPR 0.20-0.33) of age in cardiovascular drug trials for heart
failure [31]. This was further exacerbated by similar trends
excluding frail participants from clinical trials and reported
in limited observational studies [33, 34]. Additionally, clini-
cal trials designed with run-in phases exclude patients who
were non-adherent or unable to tolerate the intervention
drug. However, this step may inadvertently exclude people
at higher risk of adverse effects and may potentially lead
to ADE estimations that do not reflect general populations
and/or report biased underestimates of potential medication-
related harms. In the PARADIGM-HF trial, approximately
20% of participants did not complete the run-in phase and
were at higher risk of lower blood pressure (odds ratio [OR]
1.11, 1.07-1.14), lower glomerular filtration rate (OR 1.49,
1.35-1.65) or more severe heart failure with increased NT-
ProBNP (1.20, 1.14-1.26) [35].

The overall prevalence of ADRs and ADEs were addition-
ally challenging to generalise due to the varying definitions
of frailty across studies [36]. The reporting of prevalence can
vary in the same study population depending on the wide
range of frailty measurements used. In the study by Purser
et al. [37], the prevalence of frailty was reported as 63% with
the FI score and 27% with the phenotype criteria. Regardless
of the frailty definition used, frail compared with non-frail
participants had a similar direction and increased magni-
tude of risk associated with adverse outcomes. Frailty is an
independent risk factor of heart failure and has been associ-
ated with an approximately 1.5-fold increase in death and
hospitalisation [9]. Although there was a study of frail heart
failure with preserved ejection fraction (HFpEF) patients
aged > 50 years, taking spironolactone in the TOPCAT
trial, this was not included because the study population
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was aged < 65 years [38]. However, the TOPCAT trial also
demonstrated a similar exposure-response trend between
increasing FI score and increased risk of mortality and hos-
pitalisations. Those with higher FI scores (FI > 0.5) had an
approximately twofold increase in cardiovascular mortality
(HR 1.89, 1.24-2.89) and a fourfold increase in heart fail-
ure hospitalisations (HR 4.12, 3.00-5.65) compared with
non-frail patients, with no significant difference in treatment
effect on the outcomes between the frailty groups. Therefore,
the findings in this review parallel the trends reported in
younger frail populations, other heart failure types and drug
classes [9, 38].

Although clear CONSORT guidance [39] for the appro-
priate reporting of harms for clinical trials exist, ADRs and
ADEs were poorly represented in the literature, limiting the
generalisability of the prevalence, severity and causality of
ADRs and ADEs for the reported heart failure medications.
This challenge is not unique to heart failure. Zorzela et al.
[40] found similar limitations existed in general reporting of
harms data in primary studies across all diseases. The chal-
lenges observed in non-specific disease studies were paral-
leled in studies of frail older heart failure populations. Older
people are at increased risk of adverse events due to complex
comorbidities, frailty, polypharmacy, and advanced stages of
heart failure. Conversely, confounding can make it difficult
to differentiate whether ADEs were due to the medication
or pathology of disease progression [41, 42]. This review
builds on work by Sztramko et al. [43], which found risk
factors for ADEs with heart failure medications included
advanced age, poor left ventricular function and increased
New York Heart Association class. Although frailty was not
evaluated, it supported that ADEs were poorly represented in
the literature and reinforced the need to improve the charac-
terisation and understanding of the magnitude and frequency
of adverse events in this vulnerable population.

There was inconsistency between the increased risk of
mortality and hospitalisation in frail compared with non-
frail older patients and the general efficacy of heart failure
medications to reduce mortality and hospitalisation. These
factors confound our understanding of the pharmacologi-
cal efficacy in older frail patients with advancing heart
failure. Without factoring in frailty risk, Catananti et al.
[10] found older hospitalised heart failure patients were at
increased risk of developing ADRs (unadjusted OR 1.78,
1.52-2.09; adjusted OR 1.29, 1.06-1.56) compared with
those without heart failure, commonly caused by diuret-
ics, digoxin, and ACEIs. Overall, the ADRs were consid-
ered severe (52, 4.9%), moderate (508, 47.8%) and mild
(499, 47%). Despite vulnerability to frequent heart failure
medication adjustments and polypharmacy-related adverse
effects, the reporting in frail older people of mild to moder-
ate ADRs and ADE:s (e.g., clinical symptoms, quality of
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life, activities of daily living) from common heart failure
medications was rare (ESM Table S5). However, there were
no statistically significant differences in treatment efficacy
between frailty groups reported in this review [25]. Findings
highlight the uncertainty of how the potential benefits of
guideline-directed medical therapy (GDMT) can be weighed
against potential medication-related harms due to lack of
high-quality evidence in frail older people, necessitating
cautious interpretation, individualised treatment plans and
close monitoring.

Strategies to rehabilitate and reverse frailty status can
offer valuable opportunities to improve prognosis and cus-
tomise medication management to mitigate the increased
risk of adverse outcomes in frail older people with heart
failure. Age and frailty are important characteristics to pre-
dict mortality and rehospitalisation [44]. Due to potential
multisystem deficiencies, frailty and associated disabilities
may predispose patients to decompensate at lower thresholds
and increase health care utilisation, requiring more outpa-
tient and hospital visits [8]. Identifying this risk can support
frailty-based management in older heart failure patients to
improve prognosis and patient tolerance, optimise medica-
tion management, or support safe withdrawal of medications
[45]. With the growing complexities attributed to aging,
older age and frailty are independent risk factors that should
be factored into emerging research and patient-tailored inter-
ventions, particularly since frailty is a potentially reversable
syndrome [46]. These patients would benefit from a referral
to a heart failure specialty team to review the management of
their heart failure and potential ADRs and ADEs of GDMT
[47]. Adequate reporting of ADRs and ADE:s is critical to
delivering clear communication that supports clinicians’
and patients’ shared decision making to improve medication
adherence and identify triggers that merit safe withdrawal
of these medications. The communication and confidence
between prescribers and patients can be strengthened during
initiation and adjustments of medications through under-
standing how the balance of treatment benefits with potential
medication-related harms can impact clinical outcomes [48,
49]. This complementary knowledge combines individual
patient values with tailored interventions to optimise quality
of life and/or accommodate palliative care [50].

There were several limitations in this study. The very low
to low grades of evidence and the absence of evidence for
many common potential ADRs in frail older cohorts and
drug classes significantly contributed to uncertainty in the
reported outcomes. For example, we were careful to draw
conclusions from a single study that reported ADRs from
digoxin use in two participants [23]. Furthermore, cautious
interpretation was applied in studies that extrapolated char-
acteristics from clinical trials originally designed to evalu-
ate efficacy of aliskiren or sacubitril/valsartan compared
with enalapril, but not randomised to compare efficacy and

potential harms between frailty groups. The review included
data from the ATMOSPHERE [27] trial, which compared
enalapril with aliskiren, even though aliskiren has limited
use in practice. A meta-analysis was not performed on the
few and variable outcomes, nor were subanalyses conducted
by drug classes, frailty status, heart failure types, or predic-
tors of advancing heart failure due to limited data. Therefore,
we must be careful not to overestimate the impact of the
findings that showed increased mortality and hospitalisation
in frail older patients from these heart failure medications
unless more evidence is available to adequately inform deci-
sion making on the potential harms of heart failure medica-
tions in frail older people. Both clinical trials and observa-
tional studies are necessary to fill this knowledge gap.

5 Conclusions

The complexities associated with advancing age, frailty,
polypharmacy, comorbidities and complications from
heart failure emphasise the importance of incorporating
frailty into decision making and patient-tailored interven-
tions. While pharmacotherapy utilisation data were col-
lected, there remains opportunity for further evaluation
and reporting on the impact of drug use patterns in frail
older heart failure patients on specific and global health
outcomes. Improved understanding of the prevalence,
severity, causes and predictors of potential harms of these
critical medications in frail older people can facilitate
communication and trust between clinicians and patients
and/or their careers. This may inform shared decision
making on prescribing and deprescribing medications to
not only optimise management of these patients but also
improve the quality of decision making. We may unknow-
ingly harm patients with frailty simply because data are
limited on how they are impacted by these medications.
Emerging heart failure-related clinical trials and obser-
vational study protocols should include frailty subgroups
of older participants to improve reporting of efficacy and
potential harms. Improvement in our understanding of the
safety and potential medication-related harms of founda-
tional therapies can support optimal prescription of and
adherence with medications critical in improving clinical
outcomes in vulnerable patients.
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