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Aims Polypharmacy, defined as the concurrent use of >5 medications, is prevalent among older adults with heart failure
(HF). While guideline-directed HF medications provide therapeutic benefits, non-HF polypharmacy, particularly
involving inappropriate medications, may lead to adverse outcomes. The international REgistry to assess medical
Practice with |Ongitudinal obseRvation for Treatment of Heart Failure (REPORT-HF), the largest available global
acute HF registry, was used to examine the prevalence, clinical correlates, and 1-year outcome associations of non-HF

polypharmacy.
Methods Medication counts were classified as no polypharmacy (<5), polypharmacy (5-9), and hyper-polypharmacy
and results (=10). Potentially harmful medications were identified using the 2016 American Heart Association scien-

tific statement. Multivariable regression models examined correlates of polypharmacy and 1-year mortality.
Among 18030 patients (66 + 14 years, 39% women), 39% had polypharmacy and 9% had hyper-polypharmacy
(63% and 25%, respectively, if including HF medications). Non-HF polypharmacy was more common in older
white patients from high-income countries, with preserved ejection fraction and high comorbidity burden.
Patients with greater non-HF medication use were less likely to receive guideline-directed HF medications
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and more likely to take medications that can worsen HFE. Crude hazard ratios (HRs) for 1-year mortality were 1.16
(95% confidence interval [CI] 1.08—1.25) for polypharmacy and 1.46 (95% CI 1.31-1.63) for hyper-polypharmacy
versus no polypharmacy. After adjustment, hyper-polypharmacy remained associated with increased mortality (HR

1.16, 95% Cl 1.01-1.33).

Conclusions

Non-HF polypharmacy in HF is common worldwide, particularly in high-income regions. Its association with reduced

use of guideline-directed HF medications and higher usage of medications causing or worsening HF, as well as elevated
1-year mortality, underscores the importance of addressing polypharmacy in HE
Clinical Trial Registration: ClinicalTrials.gov NCT02595814.
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Keywords

Introduction

Polypharmacy, defined as the simultaneous use of >5 medica-

tions, 2

is common in patients with heart failure (HF)"? often due
to the need to manage comorbidities other than HF, and is asso-
ciated with adverse outcomes.*"¢ In recent years, polypharmacy
has become an emerging aspect of HF care, especially in the more
frail and elderly patients, complicating management due to its
tolerability and potential drug—drug interactions.” The prevalence
of polypharmacy varies across HF phenotypes. In patients with HF
and preserved ejection fraction (HFpEF) from the Treatment of
Preserved Cardiac Function Heart Failure With an Aldosterone
Antagonist (TOPCAT) trial, 92.5% were taking >5 medications
(including HF drugs).3 In the Guiding Evidence-Based Therapy

Polypharmacy e Heart failure o Mortality e

Hospitalization e Harmful medications

Using Biomarker Intensified Treatment (GUIDE-IT) trial, 47% of
patients with HF and reduced ejection fraction (HFrEF) were
prescribed >5 medications.®

Given the robust evidence that HF guideline-directed medical
therapies (GDMT) improve symptoms, reduce hospitalizations
and mortality, even in elderly patients and regardless of ejec-
tion fraction, polypharmacy is often clinically justified in patients
with HF*'® This creates an inherent challenge: balancing the
well-established benefits of optimized HF treatment against the
potential harms of polypharmacy. Distinguishing appropriate (i.e.
GDMT) from inappropriate polypharmacy in HF has been rec-
ognized as critically important.* Inappropriate polypharmacy is
associated with potential harm, leading to under-prescription
of GDMT, reduced medication adherence, adverse events, and
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poorer outcomes.*>®1" In 2017, the World Health Organization
emphasized polypharmacy as an action target to address unsafe
medication practices leading to preventable harm.'?

Global real-world data can inform strategies to optimize phar-
macotherapy to improve the quality and safety of prescribing
among patients with HF. Accordingly, we used the international
REgistry to assess medical Practice with |Ongitudinal obseRvation
for Treatment of Heart Failure (REPORT-HF), the largest available
global acute HF registry, to examine the prevalence, clinical corre-
lates, and outcome associations of polypharmacy.

Methods

Study design, study population
and setting

REPORT-HF is a global, prospective, and observational study designed
to characterize global differences in clinical presentations, treatment,
and patient trajectories longitudinally during and following an index
hospitalization for HF. The study design, methods and outcomes of the
REPORT-HF registry have been reported previously.'>* Patients with
a primary diagnosis of acute HF (as diagnosed by the clinician investi-
gator) were prospectively enrolled in 358 centres from 44 countries
across six continents between July 2014 and March 2017. Details of
the inclusion and exclusion criteria have been described elsewhere.'>™#
REPORT-HF identified all patients at admission with a primary acute
HF diagnosis and excluded those enrolled in a concomitant clinical
trial. Ethics approvals were obtained from each participating cente’s
local institutional review committee, and all participants provided writ-
ten informed consent. This study conforms to the ethical guidelines
in the Declaration of Helsinki and is reported as per the Strengthen-
ing the Reporting of Observational Studies in Epidemiology (STROBE)
guideline.

Data collection and definitions

Using uniform case report forms at all sites, investigators recorded
data on demographics, clinical signs and symptoms on physical exami-
nation, New York Heart Association (NYHA) functional status, clinical
chemistry, medical history, prior cardiac interventions, and medication
history at admission and/or discharge. Comorbidities were determined
based on medical history; anaemia was defined based on sex-specific
haemoglobin levels. HFrEF was defined as left ventricular ejection frac-
tion (LVEF) <40%, HF with mildly reduced ejection fraction (HFmrEF)
as LVEF 40—49% and HFpEF as LVEF >50%.

Countries were stratified into subgroups based on the national
income categorized by the World Bank classification into lower-
middle-income countries (Lower), upper-middle income (Middle) and
high-income (High) countries.’®

Definition of polypharmacy and harmful medications

To distinguish GDMT for HF (the term ‘GDMT’ is exclusively
for HF only) from other medications used in the management
of comorbidities, we defined polypharmacy as the use of >5
medications, excluding HF medications (angiotensin-converting
enzyme inhibitors [ACEi]/angiotensin receptor blockers [ARB],
beta-blockers, mineralocorticoid receptor antagonists [MRA], and
diuretics for fluid retention). We further categorized the number

of remaining medications as <5 (non-polypharmacy), 5-9 (polyphar-
macy) and >10 (hyper-polypharmacy) to investigate a graded effect
of polypharmacy on outcomes. Digoxin was included in the count for
non-GDMT. Angiotensin receptor—neprilysin inhibitor (ARNI) and
sodium—glucose co-transporter 2 (SGLT?2) inhibitors were not exam-
ined as the REPORT-HF registry pre-dated the commercialization
of these medications. Medication classes that can cause or worsen
HF were identified based on an American Heart Association (AHA)
scientific statement.’® Only those with a level of evidence (LOE) A
or B were included. Several therapeutic groups in the AHA scientific
statement had similarly been highlighted in the 2021 European Society
of Cardiology (ESC) guidelines for the diagnosis and treatment of
acute and chronic HF'? and the clinical consensus statement of the
Heart Failure Association.”

Medications and dosages at discharge were collected from medical
records at or around the time of discharge during the index hospital-
ization. Fractionated dose of the HF medications (ACEi/ARB/ARNI,
beta-blockers and MRA) were calculated based on recommended
target doses according to the ESC and AHA guidelines. Additional
checks for total medication count were performed during analysis to
account for duplicated or missing records. When no medications were
recorded at discharge for the patient, we assumed these data were
missing since it is unlikely a patient is not on any medication.

Outcomes

The primary outcome was 1-year all-cause mortality post-discharge
from the index hospitalization. Mortality was prospectively captured
during the follow-up from death records and phone follow-up visits.
Patients were considered lost to follow-up if no vital status could be
obtained.

Statistical analyses

Patients were stratified according to three polypharmacy subgroups:
<5, 5-9 and >10 medications. Standard descriptive statistics, including
mean +standard deviation and median plus 25th—75th percentiles
or numbers and percentages, were used to describe patient demo-
graphics and characteristics, clinical signs and symptoms, medical
history/comorbidities, laboratory values, medications, and device
therapy, as appropriate for the type and distribution of the data vari-
able. Differences between the subgroups were tested using ANOVA,
the Kruskal—Wallis test (for continuous skewed variables), and the y?2
test (for categorical variables). The associations of polypharmacy and
harmful medication with 1-year all-cause mortality were examined
using a Cox proportional hazards model. Models were adjusted for
age, sex, region, income class, length of stay, HF diagnosis, LVEF, periph-
eral oedema, NYHA class, systolic blood pressure, diabetes, chronic
kidney disease (CKD), anaemia, coronary artery disease (CAD),
valvular heart disease, use of ACEi/ARB, beta-blockers and MRA. Cox
proportional hazards assumption was checked for all parameters using
the proportionality test in Stata. Confounders were chosen based on
clinical relevance and prior literature. Additionally, we adjusted for
the total number of drugs, excluding HF medications, in the models for
harmful medications. Patients lost to follow-up were excluded from
outcomes analysis, and only those with complete data on the variables
listed above were included in the multivariable analyses. Sensitivity
analyses were performed for polypharmacy including HF drugs. All
analyses were two-tailed, and p <0.05 was considered statistically
significant. Analyses were performed in Stata v16 (StataCorp., College
Station, TX, USA).

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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The funder of the REPORT-HF registry had no role in the study
design, data collection, data analysis, data interpretation, or report
writing.

Results

Baseline characteristics

Among 18030 patients (mean age 66 + 14years, 39% women),
the median number of medications was 7 (6—9) and 4 (3-7) at
discharge, including and excluding HF medications, respectively.
In total, 6991 (39%) and 1601 (9%) patients were prescribed
with polypharmacy (5—9 medications other than HF medications)
and hyper-polypharmacy (>10 medications other than HF medica-
tions), respectively. The proportion of patients on >5 medications
ranged from 40% in lower-middle and upper-middle-income to 58%
in high-income countries.

Table 1 shows that patients prescribed more medications were
older, more often white, residents of North America, Western
Europe, or regions of higher national income and had more comor-
bidities, such as hypertension, CAD, diabetes, anaemia, CKD,
asthma, peripheral arterial disease and stroke. Furthermore, these
patients were more likely to have HFpEF than HFrEF or HFmrEF
have a higher NYHA class, and had worse renal function (estimated
glomerular filtration rate) than patients without polypharmacy.

Polypharmacy (=5 non-HF drugs) and hyper-polypharmacy
(>10 non-HF medications) were consistently associated with
older age and increased comorbidity burden (Table 2, online
supplementary Table Appendix S7). Notably, among those with
hyper-polypharmacy, patients from North America and South East
Asia regions had the highest (six—seven-fold) adjusted odds versus
those from Western Europe of hyper-polypharmacy (online sup-
plementary Table Appendix S T). Patients from South East Asia were
however significantly younger with lower comorbidity burden
(mean number of comorbidities 2.4 + 1.4) than those from North
America (4.3 +2.1).

Polypharmacy and medication
prescription

With increasing polypharmacy, the number of patients being on
HF guideline-directed drugs (ACEi/ARB, beta-blockers and MRA)
declined (p <0.05) (Table 1, Figure 7). This association persisted
after correcting for confounders, including age, sex, and comor-
bidities. A small but significant reduction was observed for doses
of beta-blockers prescribed with increasing medications (Table 7).
Medications that can cause or worsen HF were prescribed in
17.4% (n=3130) of patients. Figure 7 shows that medicines that
may cause or worsen HF were prescribed in 57% of patients
with hyper-polypharmacy, 24% of patients with polypharmacy
and 6% without polypharmacy. When investigating subclasses of
medications that might cause or worsen HF, pulmonary-related,
anti-diabetic, anti-hypertensive, neurological, and psychiatric med-
ications (including anti-depressants) were most commonly pre-
scribed. These sub-classes were all more commonly prescribed in
patients with polypharmacy than in those without polypharmacy.

Association of polypharmacy with 1-year
all-cause mortality

After 1-year follow-up, there were 3451 (19.6%) deaths and
467 (2.6%) patients were lost to follow-up. Polypharmacy and
hyper-polypharmacy were associated with higher risk of death
(hazard ratio [HR] 1.16, 95% confidence interval [CI] 1.08—1.25,
and HR 1.46, 95% CI 1.31-1.63, respectively) compared to no
polypharmacy (both p < 0.001) (Figure 2). In multivariable analysis,
only hyper-polypharmacy was associated with a higher risk (HR
1.16, 95% Cl 1.01-1.33) (Table 3) of 1-year all-cause mortality.
This association was consistent regardless of age, sex or LVEF
phenotype (b, eraction fOr all > 0.05). Hyper-polypharmacy remained
associated with a higher risk of 1-year mortality (HR 1.17; 95% CI
1.01-1.35) after correcting for harmful medications.

When investigating the association of harmful medications with
1-year mortality, neurological and psychiatric medications were
associated with worse 1-year mortality (adjusted HR 1.23, 95%
Cl 1.02-1.48) (Table 3). Separately, antidepressants (in particular,
citalopram) also showed a trend with worse 1-year mortality
(adjusted HR 1.31, 95% C1 0.99-1.73), regardless of HF phenotype

(pinteraction > 005)

Sensitivity analyses

Sensitivity analyses, including HF medications, were repeated for
outcomes and descriptives (online supplementary Tables S2 and
$3). Results remained comparable with those reported previously.
Notably, hyper-polypharmacy was not associated with 1-year mor-
tality when corrected for guideline-directed HF medications.

When examining cardiovascular death as an outcome, in unad-
justed competing risk (non- cardiovascular and unknown deaths)
analysis, non-HF polypharmacy (subdistribution HR 1.02, 95% CI
0.93-1.11) and hyper-polypharmacy (subdistribution HR 1.03,
95% Cl 0.88—1.20) were not associated with 1-year cardiovascular
mortality.

Discussion

Our study had three major findings: (i) polypharmacy was common,
especially in high-income countries; (i) patients with polypharmacy
were less likely on HF GDMT but more likely on medication that
may cause or worsen HF, independent of patients’ comorbidity
burden; and (iii) polypharmacy was associated with worse clinical
outcomes, independent of medication that may cause or worsen
HF (Graphical Abstract). This study is unique in that it differen-
tiates between appropriate polypharmacy for HF and non-GDMT
(including harmful medications), as evidence-based medications for
HF improve life expectancy and/or re-hospitalization for HF. These
results highlight a critical unmet need to frequently review med-
ication lists to ensure all medications are clinically indicated and
demonstrate the value of managing patients with HF in multidisci-
plinary care teams, with the inclusion of mental health professionals
and primary care physicians who have an overview of all the med-
ications prescribed. The findings also confirm the challenges and
clinical dilemma inherent in caring for and managing older patients

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



Global patterns of polypharmacy after acute HF hospitalization

2709

Table 1 Baseline characteristics of patients by polypharmacy subgroups, excluding heart failure drugs

Characteristic

Number of drugs, excluding HF drugs

Socio-demographic characteristics

Age, years

Men

Region
Central and South America
Eastern Europe

Eastern Mediterranean region and Africa

North America
South East Asia
Western Europe
Western Pacific
Regional income
Lower middle income
Upper middle income
High income
HF diagnosis and severity
Time since HF diagnosis, years
NYHA class at discharge
|
I
n
v
Missing/unknown
LVEF, %
LVEF group
<40%
>40% and <50%
>50%
Unknown
DCHEF vs. new-onset HF
Clinical examination
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
eGFR, ml/min/1.73 m?
Medical history
Hypertension
Atrial fibrillation/flutter
CAD
COPD/asthma
Anaemia
Valvular heart disease
PAD
Stroke/TIA
Thyroid dysfunction
Sleep apnoea
Liver disease
Diabetes
Chronic kidney disease
Cancer

Neurological or psychiatric condition

No. of comorbidities®

66 (55-76)
5782 (61)

1597 (17)
1871 (20)
1394 (15)
348 (4)

869 (9)

1471 (16)
1888 (20)

1345 (14)
4942 (52)
3151 (33)

3(1-6)

1244 (13)
3430 (36)
1754 (19)
350 (4)
2660 (28)
37 (25-52)

4576 (48)
1436 (15)
2573 (27)
853 (9)

4281 (45)

117 (105-129)
70 (61-80)
59.2 (42.7-77.1)

5489 (58)
2839 (30)
3664 (39)
969 (10)
3467 (37)
1955 (21)
327 (3)
493 (5)
596 (6)
163 (2)
263 (3)
2519 (27)
1371 (15)
350 (4)
431 (5)
3(1-4)

69 (59-78)
4357 (62)

832 (12)
851 (12)
689 (10)
632 (9)
1102 (16)
1643 (24)
1242 (18)

1363 (19)
2351 (34)
3277 (47)

3(1-7)

688 (10)
2080 (30)
1050 (15)
206 (3)
2967 (42)
37 (26-53)

3356 (48)
1102 (16)
1948 (28)
585 (8)

2904 (42)

120 (110-130)
70 (60-80)
512 (35.3-703)

4827 (69)
2225 (32)
4026 (58)
1131 (16)
3764 (54)
1299 (19)
399 (6)
575 (8)
695 (10)
273 (4)
205 (3)
3350 (48)
1671 (24)
456 (7)
504 (7)
4(2-5)

69 (61-78)
919 (57)

72 (4)
35 (2)
78 (5)
583 (36)
314 (20)
371 (23)
148 (9)

301 (19)
186 (12)
1114 (70)

3(1-7)

87 (5)
233 (15)
169 (11)
59 (4)
1053 (66)
40 (26-55)

708 (44)
260 (16)
522 (33)
111 (7)

534 (33)

120 (110-135)
70 (60-78)
43.1 (29.0-62.2)

1190 (74)
557 (35)
991 (62)
484 (30)
1188 (74)
281 (18)
143 (9)
180 (11)
265 (17)
200 (12)
71 (4)
1019 (64)
583 (36)
155 (10)
236 (15)
5 (3-6)

<0.001
0.001
<0.001

<0.001

<0.001
<0.001

<0.001
<0.001

<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.002

<0.001
<0.001
<0.001
<0.001
<0.001

© 2025 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 (Continued)
Characteristic Number of drugs, excluding HF drugs p-value

<5 5-9 >10

Device therapy
Pacemaker 432 (5) 388 (6) 150 (9) <0.001
CRT-pacemaker 51 (1) 53 (1) 16 (1) 0.054
CRT-defibrillator 148 (2) 173 (2) 70 (4) <0.001
ICD 274 (3) 392 (6) 175 (11) <0.001
HF GDMT and harmful medications
ACEIi/ARB 6196 (66) 4011 (57) 668 (42) <0.001
ACEi/ARB dose 0.33 (0.25-0.57) 0.33 (0.25-0.63) 0.33 (0.17-0.63) 0.26
Beta-blocker 6835 (72) 4871 (70) 1045 (65) <0.001
Beta-blocker dose 0.25 (0.13-0.50) 0.25 (0.24-0.50) 0.25 (0.13-0.50) <0.001
MRA 5177 (55) 3129 (45) 546 (34) <0.001
MRA dose 0.33 (0.33-0.53) 0.33 (0.33-0.50) 0.33 (0.33-0.67) 0.6
Harmful drugs (LOE A or B) 557 (6) 1657 (24) 916 (57) <0.001

Values given as median (interquartile range), or n (%).

ACE;i, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CRT, cardiac
resynchronization therapy; DCHF, decompensated chronic heart failure; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; HF, heart failure;
ICD, implantable cardioverter-defibrillator; LOE, level of evidence; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York

Heart Association; PAD, peripheral arterial disease; TIA, transient ischaemic attack.

2Cardiovascular comorbidities included hypertension, CAD, atrial fibrillation or atrial flutter, and valvular heart disease. Non-cardiovascular comorbidities included anaemia,
diabetes, renal failure, COPD or asthma, sleep apnoea, PAD, liver disease, cancer, thyroid dysfunction, stroke or TIA, other neurological conditions, and psychiatric conditions.

with HF, who commonly have advanced disease conditions, with
complex drug regimens.

Our study found that 48% of patients were discharged
from the hospital with polypharmacy, varying from 40% in
lower-middle/middle-income countries to 58% in high-income
countries. When HF medications were included, polypharmacy
increased substantially to 87% overall. Though high, this rate is
lower than previous studies,>>'® including TOPCAT Americas,
where 92.5% of HFpEF patients had polypharmacy,’ and the Rea-
sons for Geographic and Racial Differences in Stroke (REGARDS)
study, which reported 95% of patients on polypharmacy, including
HF medications.” Our findings likely differ from previous studies
because REPORT-HF participants were younger, had acute HF,
more often had HFrEF, and had fewer comorbidities.’®? Impor-
tantly, our research expands on earlier US-based findings>>1®
by including data from 44 countries across different economic
levels. Notably, we saw that patients from South East Asia were
significantly younger with lower comorbidity burden compared to
those from North America, alluding to the more fragmented care
in South East Asia than North America or Western Europe.

Patients on polypharmacy were less likely to be on HF GDMT®&"
but more likely on medications that might cause or worsen
HFE*> These results are consistent with previous findings from
the REGARDS study." In a separate survey among primary care
providers, polypharmacy was identified as a significant barrier to
initiating and titrating beta-blockers.2! Similarly, we observed a
significant dose reduction for beta-blockers among patients with
polypharmacy in our study. These findings also align with a study
from the GUIDE-IT trial.® Our study extends previous findings
by demonstrating that these results are consistent outside the
United States. Polypharmacy is intricately linked to medication

non-adherence; increase in number of medications inherently
increases the risk of medication non-adherence.?? Therefore, strik-
ing a balance between optimization of GDMT for HF and avoidance
of inappropriate polypharmacy is crucial in the contemporary care
of patients with HF’

Prior research on medications that may cause or worsen HF in
patients with existing HF has been limited, with only one study
conducted in the United States using the REGARDS registry.23
In that study, over half of the patients were on medications that
may cause or worsen HF. Our study builds upon these findings
in two ways. First, we demonstrate a novel association between
polypharmacy and an increased likelihood of receiving medications
that may worsen HF. Second, we show that potentially harmful
medication prescribing patterns are also prevalent in lower-income
countries.

Hyper-polypharmacy was independently associated with a higher
risk of 1-year all-cause mortality. Previous studies reported that
polypharmacy is associated with worse clinical outcomes.’*1824
Importantly, our study is the first to show the association of sub-
classes of medications that may cause or worsen HF with a higher
mortality risk. We found that neurological and psychiatric drugs
were associated with a higher 1-year mortality risk. Many of these
drugs, such as citalopram, are associated with delayed QT syn-
drome and an increased risk of torsades de pointes. The risk
of torsades de pointes is increased in patients with HF, which
might explain our findings.?> Additionally, tricyclic antidepressants
had been reported to cause orthostatic hypotension, slowed car-
diac conduction, increased heart rate and decreased heart rate
variability, among other related adverse effects.?®?’ Notably, the
association of hyper-polypharmacy with 1-year mortality disap-
peared after adjustment for HF GDMT. This might suggest that
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Table 2 Correlates of polypharmacy (>5 non-heart failure drugs)

Characteristic

Crude OR (95% CI)

Age, per 10years
Men
Region
Central and South America
Eastern Europe
Eastern Mediterranean region and Africa
North America
South East Asia
Western Europe
Western Pacific
Regional income
Lower middle income
Upper middle income
High income
NYHA class at discharge
|
I
11l
\%
Missing/Unknown
LVEF group
<40%
>40% and <50%
>50%
DCHEF vs. new-onset HF
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
eGFR, ml/min/1.73 m?
Hypertension
Atrial fibrillation/flutter
CAD
COPD/asthma
Anaemia
Valvular heart disease
PAD
Stroke/TIA
Thyroid dysfunction
Sleep apnoea
Liver disease
Diabetes
Chronic kidney disease
No. of comorbidities

1.20 (1.17-1.23)
1.01 (0.95-1.07)

0.41 (0.37-0.46)
0.35 (0.31-0.38)
0.40 (0.36-0.45)
2.55 (2.22-2.92)
1.19 (1.07-1.33)
1.0 (Ref)

0.54 (0.49-0.59)

0.89 (0.82-0.97)
0.37 (0.34-0.39)
1.0 (Ref)

1.0 (Ref)

1.08 (0.98-1.20)
1.12 (0.99-1.25)
1.22 (1.01-1.46)
243 (2.19-2.69)

1.0 (Ref)

1.07 (0.98-1.16)
1.08 (1.01-1.16)
0.80 (0.76—0.85)
1.01 (1.01-1.01)
1.00 (0.99-1.00)
0.99 (0.99-0.99)
1.68 (1.58—1.79)
1.11 (1.04-1.19)
2.21 (2.08-2.35)
2.02 (1.86-2.20)
2.34 (2.21-2.49)
0.86 (0.80-0.93)
1.88 (1.63-2.16)
1.75 (1.55-1.97)
1.87 (1.68-2.08)
331 (277-3.97)
1.16 (0.97-1.37)
2.84 (2.67-3.02)
2.09 (1.94-2.25)
1.48 (1.45—1.50)

p-value Adjusted® OR (95% CI) p-value

<0.001 1.08 (1.05-1.11) <0.001

0.844 1.08 (1.01-1.16) 0.028

<0.001 0.70 (0.62-0.80) <0.001

<0.001 0.45 (0.39-0.52) <0.001

<0.001 0.65 (0.56-0.75) <0.001

<0.001 2.47 (2.12-2.87) <0.001

0.002 2.34 (1.97-2.77) <0.001
1.0 (Ref)

<0.001 1.00 (0.88-1.13) 0.981

0.006 1.05 (0.91-1.21) 0.523

<0.001 0.66 (0.59-0.73) <0.001
1.0 (Ref)

0.136

0.064

0.037

<0.001
1.0 (Ref)

0.131 0.94 (0.86-1.04) 0.225

0.028 0.95 (0.88-1.03) 0.25

<0.001

<0.001

0.002

<0.001

<0.001

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.095

<0.001

<0.001

<0.001 1.53 (1.50-1.57) <0.001

CAD, coronary artery disease; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; DCHF, decompensated chronic heart failure; eGFR, estimated glomerular
filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; OR, odds ratio; PAD, peripheral arterial disease; TIA, transient

ischaemic attack.

2Adjusted for age, sex, region, regional income, LVEF and number of comorbidities.

the principal harm of polypharmacy could lie in its interference
with optimal HF therapy, rather than in direct adverse effects.
Evidence-based HF therapies are associated with improvement in
symptoms and quality of life; this aspect of care remains critically
important even when life prolongation is not possible.
Collectively, our findings highlight the issue of ‘therapeutic com-
petition’ in clinical practice, where one medication used to treat
one condition is harmful to another, particularly common in the

context of elderly patients with multimorbidity. Given the risks of
adverse events associated with polypharmacy, it underscores strin-
gent assessment of the trade-off between benefits versus harms of
medications prescribed, not only for the underlying condition of
interest but also other co-existing conditions.” The recent clinical
consensus statement of the Heart Failure Association of the ESC’
also highlighted the importance of prioritizing medical treatment
of comorbidities using GDMT for HF (with multiple indications)
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100 Prescription of medications, by polypharmacy groups

Percent

RASI B blocker

All p<0.001

Medications that may
cause/worsen HF

MRA

E<5 E5-9 m>]0

Figure 1 Prescription of medications (heart failure [HF] guideline-directed medical therapies and drugs that may cause or worsen HF). MRA,
mineralocorticoid receptor antagonist; RASi, renin—angiotensin system inhibitor.

Kaplan-Meier failure: 1-year mortality

v |
o
<
o
Log-rank p<0.001
™
o
N
o
S
O —
0 90
Number at risk
<5 9144 8553
59 6842 6299
>=10 1580 1424

183 274 365

Days since discharge
8152 7786 7474
5929 5663 5398
1312 1230 1172

— Non-polypharmacy (<5)
—— Hyper-polypharmacy (>=10)

—— Polypharmacy (5-9)

Figure 2 Kaplan—Meier survival curves: association of polypharmacy categories with 1-year mortality.

to reduce the pill-load. Such an opportunity could be applied to
the management of hypertension, CAD, diabetes and even CKD
which have the highest odds of polypharmacy (Table 2). Addition-
ally, where possible, it is important to consider de-prescribing or
reducing the dose of certain medications or substituting therapeu-
tic agents with broader indications but a better side-effect profile.2®
De-prescribing older medications with relatively new multi-modal
medications with broader indications, might be one approach going
forward. For example, SGLT2 inhibitors?’ have been approved for

multiple indications (as one of the four pillars of GDMT for HF,
type 2 diabetes and CKD) owing to their ability to lower the risk
of cardiovascular death, HF hospitalizations and retard CKD pro-
gression, making them an attractive treatment option. ARNI (also
indicated for HF) modulate multiple cardiac and non-cardiac pep-
tides, extending beyond pre-existing antihypertensive agents.>
Recently, there is a paradigm shift from whether polypharmacy

is ‘good’ or ‘bad’ to appropriateness of polypharmacy. Even the
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Table 3 Associations of polypharmacy (excluding heart failure drugs) and harmful medications with 1-year mortality

Variable 1-year all-cause mortality
No. at risk Deaths (%) Crude
HR (95% CI)

Polypharmacy, excluding HF drugs

<5 9144 1637 (17.9) 1.0 (Ref)

>5 8422 1791 (21.3) 1.22 (1.14-1.30)
Polypharmacy, excluding HF drugs

<5 9144 1637 (17.9) 1.0 (Ref)

5-9 6842 1399 (20.5) 1.16 (1.08-1.25)

>10 1580 392 (24.8) 1.46 (1.31-1.63)
Harmful LOE A/B drug

No 14565 2871 (19.7) 1.0 (Ref)

Yes 3055 580 (19.0) 0.96 (0.88—1.05)
LOE A drug

No 17021 3329 (19.6) 1.0 (Ref)

Yes 599 122 (20.4) 1.05 (0.87-1.26)
LOE B drug

No 14818 2918 (19.7) 1.0 (Ref)

Yes 2802 533 (19.0) 0.97 (0.88-1.06)

Specific therapeutic classes of ‘harmful meds’
DM medications

No 16857 3324 (19.7) 1.0 (Ref)

Yes 763 127 (16.6) 0.83 (0.70-1.00)
Antihypertensive medications

No 16902 3341 (19.8) 1.0 (Ref)

Yes 718 110 (15.3) 0.76 (0.62-0.91)
Neurological and psychiatric medications

No 16974 3302 (19.5) 1.0 (Ref)

Yes 646 149 (23.1) 1.23 (1.04-1.45)
Antidepressants (citalopram)

No 17372 3394 (19.5) 1.0 (Ref)

Yes 248 57 (23.0) 1.22 (0.94-1.59)

p-value Adjusted? p-value Adjusted® p-value
HR (95% ClI) HR (95% CI)
1.0 (Ref) 1.0 (Ref)

<0.001 1.04 (0.96-1.13) 0.321 1.02 (0.94-1.10) 0.714
1.0 (Ref) 1.0 (Ref)

<0.001 1.03 (0.94-1.12) 0.543 1.00 (0.92-1.09) 0.915

<0.001 1.16 (1.01-1.33) 0.041 1.09 (0.95-1.26) 0.214
1.0 (Ref) 1.0 (Ref)

0.390 0.99 (0.89-1.10) 0.870 0.97 (0.87-1.08) 0.609
1.0 (Ref) 1.0 (Ref)

0.589 1.13 (0.93-1.37) 0.227 1.11 (0.91-1.34) 0.312
1.0 (Ref) 1.0 (Ref)

0.455 0.98 (0.88-1.10) 0.722 0.96 (0.86—1.08) 0.516
1.0 (Ref) 1.0 (Ref)
0.87 (0.72-1.06) 0.180 0.88 (0.72-1.07) 0.199
1.0 (Ref) 1.0 (Ref)
0.80 (0.64-0.99) 0.040 0.75 (0.60-0.93) 0.010
1.0 (Ref) 1.0 (Ref)
1.22 (1.02-1.47) 0.034 1.23 (1.02-1.48) 0.028
1.0 (Ref) 1.0 (Ref)
1.29 (0.98-1.71) 0.073 1.31 (0.99-1.73) 0.060

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart
failure; HR, hazard ratio; LOE, level of evidence; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; SBP, systolic blood pressure
2Adjusted for age, sex, SBP, HF history, NYHA class at discharge, peripheral oedema, diabetes, CAD, anaemia, CKD, valvular heart disease, LVEF group, region, income, length of stay, and number of drugs

(excluding HF).

b Adjusted for age, sex, SBP, HF history, NYHA class at discharge, peripheral oedema, diabetes, CAD, anemia, CKD, valvular heart disease, LVEF group, region, income, length of stay, use of ACEI/ARB,

beta-blocker, MRA and number of drugs (excluding HF).

essence of de-prescribing is to ensure that appropriate drug treat-
ments are used, not so much to reduce the count of medications.”
In targeting polypharmacy, life-prolonging medications should be
prioritized during the process of medication review or recon-
ciliation; appropriateness of non-HF treatment medications and
de-prescribing (if needed) for the management of comorbidities
should be critically reassessed.” Furthermore, outpatient cardiol-
ogy follow-up had been shown to improve outcomes in HF3"32
Nevertheless, an integrated and multidisciplinary approach (with
the inclusion of mental health professionals) to managing multimor-
bidity and polypharmacy in HF, focusing on the appropriateness of
medications prescribed, with the goal of optimizing medical therapy
in HF, should be considered in the development of future clinical
practice guidelines. An individualized medication plan consolidated
by healthcare professionals (with involvement of the patient), and
checked for medical, pharmaceutical or adherence problems and
only listing prognostic or quality of life improving medication would
be useful.

Of note, the use of over-the-counter medications and health
supplements, which adds to the medication burden, is com-
mon among individuals with cardiovascular disease.?*3* Such
non-prescription products could have adverse drug—drug

interactions with other medications, posing challenges to patient
safety and health outcomes®; yet these are often not disclosed
to healthcare providers. The disclosure of these non-prescription
products is crucial; hence HF professionals should be mindful to
consistently query its use.

Limitations

There were limitations to our investigation. We cannot discrimi-
nate whether excess mortality is due to the increased mortality
risk associated with the comorbidities for which specific drugs
are given, or with the drugs themselves or with both. Conversely,
non-GDMT drugs might also have a favourable impact on the HF
course or symptoms. The streamlined case report forms did not
describe the indications, duration of therapy, or all medications
prescribed. Persistence and adherence data of medications were
therefore lacking. Use of over-the-counter drugs, such as health
supplements was not collected. Polypharmacy is a key risk fac-
tor for drug—drug interactions among older patients; however,
this aspect has not been examined in our study. Newer therapeu-
tic agents, such as SGLT2 inhibitors and ARNI, were not investi-
gated; contemporary data across multiple countries using newer
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agents would offer more scope. Serial serum creatinine measure-
ments were not available to assess the association of polypharmacy
with renal function longitudinally. Only a small proportion (5%) of
patients were on device therapy, which could have been an enabler
for GDMT. Some comorbidities (e.g. mental health) were not col-
lected, and the prognostic impact of the comorbidities themselves
cannot be discriminated from the effect of the drugs applied for
specific conditions. Finally, as an observational study, causality can-
not be established.

Conclusions

Polypharmacy was common in this global cohort of patients with
acute HF, with marked geographical variation across regions. Older
age and multimorbidity were essential correlates of polypharmacy.
Patients on polypharmacy were less likely to be on HF GDMT and
more likely to be on medications that can cause or worsen HF.
Importantly, polypharmacy, especially hyper-polypharmacy, con-
ferred a higher risk of poorer outcomes. The high risk of adverse
events from polypharmacy emphasizes the need for careful evalua-
tion of medication benefits versus potential harms, not only for HF
but also for coexisting conditions. In developing future clinical prac-
tice guidelines, an integrated approach to managing multimorbidity
and polypharmacy should be considered.
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