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ABSTRACT

Objectives and design Guideline-directed medical
therapy (GDMT) with renin—angiotensin system (RAS)
inhibitors and beta-blockers has improved survival in
patients with heart failure with reduced ejection fraction
(HFrEF). As clinical trials usually do not include very old
patients, it is unknown whether the results from clinical
trials are applicable to elderly patients with HF. This study
was performed to investigate the clinical characteristics
and treatment strategies for elderly patients with HFrEF in
a large prospective cohort.

Setting The Korean Acute Heart Failure (KorAHF) registry
consecutively enrolled 5625 patients hospitalised for acute
HF from 10 tertiary university hospitals in Korea.
Participants In this study, 2045 patients with HFrEF

who were aged 65 years or older were included from the
KorAHF registry.

Primary outcome measurement All-cause mortality data
were obtained from medical records, national insurance
data or national death records.

Results Both beta-blockers and RAS inhibitors were used
in 892 (43.8%) patients (GDMT group), beta-blockers only
in 228 (11.1%) patients, RAS inhibitors only in 642 (31.5%)
patients and neither beta-blockers nor RAS inhibitors in
283 (13.6%) patients (no GDMT group). With increasing
age, the GDMT rate decreased, which was mainly
attributed to the decreased prescription of beta-blockers.
In multivariate analysis, GDMT was associated with a 53%
reduced risk of all-cause mortality (HR 0.47, 95% CI 0.39
t0 0.57) compared with no GDMT. Use of beta-blockers
only (HR 0.57, 95% Cl 0.45 to 0.73) and RAS inhibitors only
(HR 0.58, 95% Cl 0.48 to 0.71) was also associated with
reduced risk. In a subgroup of very elderly patients (aged
>80 years), the GDMT group had the lowest mortality.
Conclusions GDMT was associated with reduced 3-

year all-cause mortality in elderly and very elderly HFrEF
patients.

Trial registration number NCT01389843.

INTRODUCTION

Heart failure (HF) is associated with signif-
icant morbidity, mortality and healthcare
burdens.' Since the prevalence of HF increases
with age, the incidence of elderly patients
with HF has been continuously increasing as
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Strengths and limitations of this study

» This was a large prospective cohort study that in-
cluded patients with heart failure with reduced ejec-
tion fraction who were aged 65 years or older.

» We obtained all participants’ mortality data from
medical or national death records.

» The registry could not capture all comorbidities in-
cluding functional or cognitive impairments, which
is an important prognostic factor for elderly patients.

the ageing population increases.”” Elderly
patients with HF have worsened outcomes:
they have more comorbidities, functional and
cognitive impairments and polypharmacy.5_7
In addition, they are at high risk of rehospital-
isation for HF after hospital discharge.®

Large clinical trials have shown that
guideline-directed medical therapy (GDMT)
with renin-angiotensin system (RAS) inhib-
itors and beta-blockers improved survival in
patients with heart failure with reduced ejec-
tion fraction (HFrEF).>! However, many
elderly patients with HF have been excluded
from randomised clinical studies due to age,
comorbidities or functional or cognitive
impairments, among others."” Accordingly,
it is unknown whether the results from clin-
ical trials can be directly applied to elderly
patients with HF.

Korea is one of the most rapidly ageing soci-
eties. In 2018, it has become an ‘aged society’
and will be a ‘super-aged society’ by 2026." In
2017, Korea’s proportion of individuals aged
265 years was 13.8%. Considering that 70% of
hospitalisations for HF occurred in patients
aged 265 years, a better understating of
these high-risk patients is critical for proper
management.'* In this study, we investigated
the clinical characteristics and treatment
strategies for elderly patients with HFrEF in a
large prospective cohort.
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METHODS

Participants and cohort recruitment

The Korean Acute Heart Failure (KorAHF) registry is a
prospective multicentre registry designed to reflect the
real-world clinical data of Korean patients admitted for
acute HF. The study design and primary results of the
registry have been published elsewhere.'” ' Patients hospi-
talised for acute HF from 10 tertiary university hospitals
in Korea were consecutively enrolled from March 2011 to
February 2014. Briefly, patients with signs or symptoms
of HF and either lung congestion or objective findings
of left ventricle systolic dysfunction or structural heart
disease were eligible for enrolment in this registry. To
minimise selection bias, we tried to enrol all hospitalised
patients with acute HF at each hospital. Patients’ baseline
characteristics, clinical presentation, underlying diseases,
vital signs, laboratory tests, treatments and outcomes
were recorded at admission, and discharge, and during
follow-up (30days, 90days, 180days and 1-3years annu-
ally). The mortality data for patients who were lost to
follow-up were obtained from the national insurance data
or national death records.

In this study, we included patients with HFrEF who were
aged 65 years or older. For patient selection, we serially
excluded patients if any of the exclusion criteria was met.
Written informed consent was waived by the institutional
review board. The study complied with the Declaration
of Helsinki.

Patients and public involvement

Patients were not involved in the conception, design or
interpretation of this study. The results of this study will
be disseminated to patients and healthcare providers
through oral presentations and social media.

Study variables and definition

HFrEF was defined as a left ventricular ejection fraction
(LVEF) of <40%. The patients were classified into groups
according to the medication prescribed at discharge: the
GDMT group (patients who received both beta-blockers
and RAS inhibitors), beta-blockers only group, RAS inhib-
itors only group and no GDMT group (no beta-blockers
or RAS inhibitors). Chronic kidney disease (CKD)
was defined as a glomerular filtration rate of <60mL/
min/1.78m? and chronic obstructive pulmonary disease
(COPD) was defined as a self-reported or physician-
confirmed diagnosis of chronic bronchitis, emphysema
or both. The primary outcome was 3-year postdischarge
all-cause mortality from index admission.

Statistical analysis

Continuous variables were presented as a mean=SD,
whereas categorical variables were presented as counts
and their percentages. Differences among continuous
variables were analysed using a one-way analysis of vari-
ance and those among categorical variables using the .
test. Logistic regression analysis was used to determine the
predictors of GDMT prescription. We converted the ORs

from logistic regression analysis into risk ratios because of
the high prevalence of GDMT."” The cumulative event rate
was assessed using the Kaplan-Meier method with log-rank
analysis. Multivariable Cox regression analysis was used to
evaluate the adjusted relative risk of the variables. Multi-
variable models including age, sex, hypertension, diabetes,
previous HF history, atrial fibrillation, CKD, cause of HF,
COPD, treatment strategy (no GDMT, beta-blockers only,
RAS inhibitors only and GDMT) and prescription of miner-
alocorticoid receptor antagonists (MRA), digitalis and
diuretics were chosen according to their clinical relevance
and based on the results of previous trials.”!! Furthermore,
we performed a prespecified subgroup analysis including
age, CKD, COPD, HF aetiology and HF onset and produced
forest plots of the HR of medical therapy (ie, GDMT, beta-
blockers only and RAS inhibitors only) compared with no
GDMT. We evaluated whether there was an interaction
between treatment strategy and the subgroups on all-cause
mortality. For the calculation of P for interaction, Cox
regression models were used that included the indicator
variables for treatment strategy, subgrouping variables and
interaction term of the treatment strategy-by-subgrouping
variable of interest (age, CKD, COPD, HF aetiology or HF
onset), as independent variables. The following covariates
were also included in the interaction models: sex, hyper-
tension, diabetes, atrial fibrillation and prescription of
MRA, digitalis and diuretics. To mitigate the impact of
potential confounding factors in the registry data, we addi-
tionally performed the inverse probability of treatment
weighting (IPTW). The inferences regarding the rate of
all-cause death were conducted with robust SEs after exam-
ining covariate balances among treatment groups. We used
the “Twang’ package for R programming for IPTW anal-
ysis. Success of IPTW analyses was assessed by calculating
the standardised differences in baseline characteristics. All
statistical analyses were performed using SPSS V.24.0 for
Windows and R V.3.1.0 (The R Foundation for Statistical
Computing, Vienna, Austria). A p value <0.05 was consid-
ered statistically significant.

RESULTS

The KorAHF registry includes 5625 patients with acute
HF. Of these, we excluded patients with missing LVEF
(n=253), those with LVEF >40% (n=1900),<65 years in
age (n=1268), in-hospital death (n=126), heart transplan-
tation (n=8) and those who were hopelessly discharged
(n=25), leaving a total of 2045 patients available for the
final analysis (figure 1).

Overall, the mean age was 75.9 years, 54.2% were
men, 66.7% had hypertension and 42.0% had diabetes
mellitus. In addition, the mean LVEF was 28.7%+7.4%,
and the most common cause of HFrEF was ischaemic
cardiomyopathy (50.5%).

Medication prescription pattern according to patients’
characteristics

The beta-blocker prescription rate at discharge was 54.8%
in all patients and that of RAS inhibitors was 75.0%.
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5625 patients from KorAHF registry

Missing data on EF; n = 253
EF > 40%; n = 1900

Age < 65; n=1268
In-hospital death; n = 126
Heart transplantation; n = 8

Patients with HFrEF and age = 65 who were discharged alive
(n =2070)

—| Hospice discharge; n = 25

Analysis cohort: 2045 patients

Figure 1 Study flow. EF, ejection fraction; HFrEF, heart
failure with reduced ejection fraction; KorAHF, Korean Acute
Heart Failure.

With increasing age, the beta-blocker prescription rate
decreased (p for trend <0.001), while that of RAS inhibi-
tors remained unchanged (figure 2A).

The baseline characteristics of the study population are
summarised in table 1. Overall, both beta-blockers and
RAS inhibitors were used in 892 (43.8%) patients (GDMT
group), beta-blockers only in 228 (11.1%) patients, RAS
inhibitors only in 642 (31.5%) patients and neither beta-
blockers nor RAS inhibitors in 283 (13.6%) patients (no
GDMT group). The beta-blocker prescription rate was
lower in patients with COPD (COPD: 45.5% vs no COPD:
56.2%, p=0.01), whereas the prescription of RAS inhibi-
tors was lower in patients with CKD (CKD: 68.7% vs no
CKD: 82.2%, p<0.001).

Five hundred and ninety-four patients (29.0%) were
already taking beta-blockers before index admission;

(A)

M Beta-blocker M RAS inhibitor

100715 for beta-blocker <0.001
P for RAS inhibitor = 0.434

77.8
778

75.2 75.2

Proportion of patients (%)

6569 70-74 75-79 80-84  85<
(n=405) (n=544) (n=495) (n=344) (n=257)
Age (years)

among them, 27.1% discontinued beta-blockers during
index admission and had lower diastolic blood pres-
sure and higher New York Heart Association (NYHA)
functional class and NT-pro-BNP levels on admission
compared with those who continued beta-blockers
(online supplementary table 1). When classifying
patients according to beta-blocker use (continuation
(beta-blocker use before and after admission), new
initiation (new beta-blocker prescription during index
admission), discontinuation (beta-blocker use before,
but discontinuation during index admission) and never
use groups (no beta blocker before and after index
admission) ), there was no difference in survival between
patient discontinuation and the never use groups, as
well as between those in continuation and new initia-
tion groups (online supplementary figure 1). Regarding
RAS inhibitors, 846 patients (41.4%) were already
taking RAS inhibitors before index admission. Among
them, 15.5% discontinued RAS inhibitors during index
admission and had lower eGFR levels and systolic and
diastolic blood pressure and higher NYHA functional
class, potassium and NT-pro-BNP levels on admission
compared with those who continued RAS inhibitors
(online supplementary table 2). When classifying the
patients according to RAS inhibitor usage patterns,
patients who received RAS inhibitors at discharge had
better outcomes regardless of previous use than those
who did not receive RAS inhibitors (online supple-
mentary figure 1). With increasing age, the proportion
of GDMT prescriptions decreased, while that of RAS
inhibitors only increased (figure 2B). The predictors
of GDMT prescription compared with any of the other
three treatment groups included age 65-79 years, hyper-
tension, diabetes, de novo onset of HF and concomitant
MRA prescription (table 2). Underlying COPD, CKD

M GcbmT
[l Beta-blocker only

[l RAS inhibitor only
B No GDMT

60 1P for GOMT <0.001 P for RAS inhibitor only <0.001

= P for beta-blocker only = 0.204 P for no GDMT = 0.182
t 501 42.6 474
)] 44.2
= 41.6
.g 40+ 40.1
a 34.0
2 30 28.1 27.8 = 296
o
c
9O 20
k=
8
S 10 1
o

0 i

65-69 70-74 75-79 80-84 85<
(n=405) (n=544) (n=495) (n=344) (n=257)

Age (years)

Figure 2 Discharge medication profiles. Prescription of beta-blockers, RAS inhibitors (A) and GDMT (B) in elderly patients with
HFrEF according to age group. GDMT, guideline-directed medical therapy; HFrEF, heart failure with reduced ejection fraction;

RAS, renin-angiotensin system.
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GDMT Beta-blocker only  RAS inhibitor only No GDMT
(n=892) (n=228) (n=642) (n=283) P value

Men, n (%) 472 (52.9) 115 (50.7) 369 (57.5) 149 (54.0) 0.211

Medical history

Hypertension, n (%) 609 (68.3) 162 (71.4) 417 (65.0) 174 (63.0) 0.124

Chronic kidney disease, n (%) 430 (48.2) 150 (66.1) 320 (49.8) 186 (67.4) <0.001

COPD, n (%) 92 (10.3) 30 (13.2) 110 (17.1) 36 (13.0) 0.002

Cause of heart failure

Dilated, n (%) 222 (24.9) 36 (15.9) 147 (22.9) 50 (18.1) 0.008

Beta-blocker, n (%) 316 (35.4) 117 (51.5) 107 (16.7) 53 (19.2) <0.001

MRA, n (%) 143 (16.0) 47 (20.7) 122 (19.0) 60 (21.7) 0.096

MRA, n (%) 487 (54.6) 95 (41.9) 316 (49.2) 120 (43.5) <0.001

Digoxin, n (%) 269 (30.2) 63 (27.8) 193 (30.1) 86 (31.2) 0.865

Diastolic BP on discharge, mm Hg 66.1+10.7 67.5+10.7 65.6+11.2 65.2+10.0 0.026

NYHA functional class on discharge 0.154

Il or IV, n (%) 100 (11.2) 22 (9.7) 76 (11.8) 45 (9.4)

LVEDD, mm 60.3+8.7 57.6+9.6 61.2+8.9 58.8+9.0 <0.001

LVEF, % 28.8+7.3 28.8+7.5 28.5+7.4 28.6+7.7 0.864

Haemoglobin, g/dL 12.4£2.0 11.9+2.2 12.2+2.1 11.7£2.2 <0.001

Sodium, mEg/L 138.0+4.4 137.6+4.4 137.3+5.1 137.0+4.6 0.006

BNP, pg/mL 1592.9+1489.8 1849.7+1492.0 1724.8+1381.7 1937.1+1920.8 0.223

BMI, body mass index; BNP, brain natriuretic peptide; BP, blood pressure; COPD, chronic obstructive pulmonary disease; GDMT, guideline-directed
medical therapy; GFR, glomerular filtration rate; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left
ventricular end systolic diameter; MRA, mineralocorticoid receptor antagonist; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; NYHA, New York
Heart Association; RAS, renin-angiotensin system.

and concomitant use of loop diuretics were inversely 3 years. In the Kaplan-Meier survival analysis, patients in

associated with the prescription of GDMT. the GDMT group had the lowest mortality, whereas those
Clinical outcomes in the no GDMT group had the worst outcomes. Inter-
The median follow-up duration was 833 days (IQR: estingly, there seemed to be no difference in mortality

240.5-1095 days), and 866 (42.3%) patients had died at ~ between the beta-blockers only and RAS inhibitors only

E-
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Table 2 Predictors of prescription of guideline-directed
medical therapy compared with any of the other three
treatment groups

Variable Risk ratio 95% CI P value
Age 65-79 (vs age >80) 1.28 1.14t01.43 <0.001
years

Male 0.94 0.85t0 1.04 0.240
Hypertension 1.13 1.01to 1.25 0.036
Diabetes 1.14 1.08 to 1.26 0.014
De novo heart failure (vs  1.28 1.16t0 1.40 <0.001
previous heart failure)

Atrial fibrillation 1.01 0.89to 1.13 0.911
Chronic kidney disease  0.86 0.77 to 0.96 0.004
Ischaemic CMP (vs non-  0.97 0.86 to 1.07 0.546
ischaemic)

COPD 0.79 0.65 to 0.93 0.004
Discharge MRA 1.16 1.05t0 1.28 0.007
Discharge digoxin 0.97 0.86 to 1.09 0.634
Discharge loop diuretics  0.84 0.72 10 0.98 0.018

CMP, cardiomyopathy; COPD, chronic obstructive pulmonary
disease; MRA, mineralocorticoid receptor antagonist.

groups (figure 3). On further stratification of the patients
according to age above or below 80 years, the GDMT
group had the lowest mortality in patients aged above and
below 80 years, consistently. In IPTW adjusted population
patients in the GDMT group had lower mortality than
those in the no GDMT group among the overall patients,
patients aged between 65 years and 69 years, and patients
aged 80 years or older (online supplementary table
3, online supplementary figure 2). In the Cox model
after adjustment for significant covariates, GDMT was

(A) All patients (B) Age 65-79 years

Table 3 Multivariable Cox regression analysis for all-cause
mortality

Variable HR 95% ClI P value
Age >80 (vs age 65-79)  1.60 1.39t0 1.84 <0.001
years
Male 1.16 1.01t0 1.33 0.039
Hypertension 1.07 0.92 to 1.24 0.392
Diabetes 1.13 0.99 to 1.31 0.080
Previous heart failure (vs  1.39 1.20 to 1.60 <0.001
de novo heart failure)
Atrial fibrillation 0.90 0.77 to 1.07 0.226
Chronic kidney disease ~ 1.50 1.30to 1.74 <0.001
Ischaemic CMP (vs non- 1.29 1.11to0 1.49 <0.001
ischaemic)
COPD 1.27 1.04 to 1.53 0.016
Discharge MRA 1.05 0.91to 1.21 0.499
Discharge digoxin 0.99 0.84t0 1.16 0.885
Discharge loop diuretics 0.90 0.76 to 1.06 0.219
Treatment strategy (vs no GDMT)
Beta-blocker only 0.57 0.45t0 0.73 <0.001
RAS inhibitor only 0.58 0.48t0 0.71 <0.001
GDMT 0.47 0.39 to 0.57 <0.001

CMP, cardiomyopathy; COPD, chronic obstructive pulmonary
disease; GDMT, guideline-directed medical therapy; MRA,
mineralocorticoid receptor antagonist; RAS, renin-angiotensin
system.

associated with a 53% reduced risk of all-cause mortality
(HR 0.47, 95% CI 0.39 to 0.57, p<0.001) compared with
no GDMT. The beta-blockers (HR 0.57, 95% CI 0.45 to
0.73, p<0.001) or RAS inhibitors (HR 0.58, 95% CI 0.48

(C) Age 280 years

100%-] 100%] 100%|
Log rank P < 0.001 Log rank P < 0.001 Log rank P = 0.006
80%— 80% 80%
3 $ 2
S 60% £ 60%- 2 60%-|
@ @ e
© [
(]
> >
2 40% S 40%-  40%
s 2 S
E P-values vs. £ P-values vs. € P-values vs.
S 20%— GDMT  RASi only BB only 3 20% GDMT RASi only BB only S 20% GDMT RASi only BB only
o =— GDMT — GDMT — GDMT
= RASionly <0.001 —— RASionly 0.005 ——— RASionly 0.148
0% — BBonly 0001 0.754 0% — BBonly 0015 0.727 o, | = BBonly  0.102 0.497
© — No GDMIT <0.001 <Io.oo1 <o.001I © _— No GDMIT <0.001 <10'001 <o.oo1I 0% — No GDM‘T 0.001 :3_021 0.253
0 365 730 1095 0 365 730 1095 0 365 730 1095
No at risk Days No at risk Days No at risk Days
GDMT 892 647 537 369 GDMT 678 514 434 305 GDMT 214 133 103 64
RASi only 642 446 342 228 RAS:i only 418 296 241 173 RASi only 224 150 101 55
BB only 228 160 116 81 BB only 163 120 91 67 BB only 65 40 25 14

No GDMT 283 150 108 69 No GDMT

103

73 47 No GDMT 47 35 22

Figure 3 Three-year cumulative survival according to the treatment groups. Patients receiving GDMT had lower mortality
among all patients (A), patients aged between 65 years and 79 years (B) and patients aged 80 years or older (C). BB, beta-
blocker; GDMT, guideline-directed medical therapy; RASI, renin-angiotensin system inhibitor.
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Variables HR (95% CI) *P for interaction

Age 65-79 years (n=1444) — 0.45 (0.36 — 0.59) 0.399
280 years (n=601) 0.52 (0.37 - 0.73)

CKD Yes (n=1091) —— 0.46 (0.36 — 0.58) 0.188
No (n=954) - 0.57 (0.40 — 0.81)

COPD Yes (n=268 ) - 0.58 (0.34 — 1.01) 0.502
No (n=1777) — 0.45 (0.37 — 0.55)

HF aetiology Ischemic (n=1033) —y 0.53 (0.41 - 0.69) 0.079
Non-ischemic (n=1012) — 0.43 (0.32 - 0.57)

HF onset De-novo (n=1066) —. 0.48 (0.35-0.66) 0.348
ADHF (n=979) —y 0.48 (0.38 — 0.62)

0.2 0.4 0.6 0.8 1 12
GDMT effective  (Vs. no GDMT) |

Figure 4 Subgroup analysis. The HRs of medical therapy (ie, GDMT, beta-blockers only and RAS inhibitors only) compared
with no GDMT for all-cause mortality in subgroups were calculated using multivariate Cox regression analysis. The forest plots
demonstrate the HRs of GDMT versus no GDMT from the results. There was no significant interaction between the treatment
strategy (no GDMT, beta-blockers only, RAS inhibitors only and GDMT) and diverse subgroups, and GDMT was associated with
lower morality across subgroups. *The p for interaction indicates whether treatment strategy interacts with the subgrouping
variable. It was calculated from multivariable Cox regression analysis that included the variables for treatment strategy,
subgrouping variables, interaction term of the treatment strategy-by-subgrouping variable, sex, hypertension, diabetes, atrial
fibrillation and prescription of mineralocorticoid receptor antagonists, digitalis and diuretics. CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; HF, heart failure; GDMT, guideline-directed medical therapy; RAS, renin—

angiotensin system.

to 0.71, p<0.001) only groups were also associated with
reduced risk (table 3).

Subgroup analysis

We performed a prespecified subgroup analysis according
to age (65-79 years vs 280 years), CKD, COPD, aetiology
(ischaemic vs non-ischaemic) and HF onset (de novo HF
vs acute decompensation of chronic HF). There was no
significant interaction between medical therapy and any
subgroup (figure 4).

DISCUSSION

The present nationwide multicentre prospective cohort
study showed: (1) GDMT was associated with reduced
all-cause mortality in elderly patients with HFrEF; (2)
prescription of beta-blockers or RAS inhibitors only was
also associated with reduced all-cause mortality compared
with no GDMT; and (3) the effect of GDMT also appeared
to be effective for reducing all-cause mortality in very
elderly patients (age =80 years).

GDMT and outcomes in elderly patients with HF

Large clinical trials have shown the efficacy of GDMT in
patients with HFrEE."" However, the patients enrolled
in such clinical trials were younger and had fewer

comorbidities than real-world elderly patients.'® More-
over, data from clinical trials supporting the use of GDMT
in elderly patients are scarce. The Study of the Effects of
Nebivolol Intervention on Outcomes and Rehospitalisa-
tion in Seniors with Heart Failure (SENIORS) study, which
included 2128 patients aged 270 years with a history of
HEF, is considered the representative study conducted in
elderly patients with HF. It showed that nebivolol reduced
the composite of all-cause mortality and rehospitalisation
for HF but did not reduce all-cause mortality."

Although observational studies do not provide as high
a level of evidence as randomised clinical trials, they may
yield real-world evidence.”” *' In previous observational
studies, the efficacy of beta-blockers in elderly patients
has been controversial. In the Organized Program to
Initiate Lifesaving Treatment in Hospitalized Patients with
Heart Failure (OPTIMIZE-HF) registry, a beta-blocker
was not associated with improved survival in patients
aged >75 years.” Dobre et al’* reported that the effect
of beta-blockers decreased with increasing age and was
not associated with a reduced risk of cardiac death and
readmission HF in patients aged >80 years.” Recently,
in a subgroup of 237 elderly patients aged >80 years in
the West Tokyo Heart Failure (WET-HF) registry, GDMT
with beta-blockers and RAS inhibitors did not reduce the
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rates of cardiac death or HF readmission.? By contrast,
the present study showed that GDMT was associated with
all-cause mortality in elderly (=65 years) patients with
HFrEF. In addition, GDMT was effective in very elderly
patients (=80 years). Although the KorAHF and WET-HF
studies have included East Asian patients with HF, there
are several differences between the studies: KorAHF was
larger, especially in terms of the number of patients aged
280 years (601 patients in KorAHF vs 237 patients in
WET-HF). As a result, our study was less prone to type
II errors, such as false negative findings. While WET-HF
defined HFrEF as LVEF <45%, the present study enrolled
only patients with LVEF <40%, which corresponds to the
contemporary definition of HFrEE."" To our knowledge,
this is the first report to show the efficacy of GDMT in
very elderly patients with HFrEF.

Prescription of GDMT in elderly patients

The prescription rate of GDMT was 50% in patients
aged 65—69 years and 30% in those aged 285 years. The
decline can be mainly attributed to a decreasing beta-
blocker prescription rate. Hamaguchi et al* reported
that the prescription rate of beta-blockers was 48% in
HFrEF patients aged 280 years and that GDMT was
applied only in 38% of these patients.** In this study, the
beta-blocker prescription rate was 55% in all patients
and 46% in patients aged >80 years. Beta-blockers in
very elderly patients may be withheld due to the poten-
tial side effects and uncertainty with regard to the bene-
fits for this high-risk group. In addition, 13% of patients
had COPD, which was associated with a 30% reduced
prescription rate of beta-blockers (beta-blockers in
COPD 46% vs no COPD 56%), p<0.001) but not of RAS
inhibitors. Accordingly, COPD was associated with a
33% reduced prescription rate of GDMT. This finding
reflects the possible side effect of beta-blockers, as non-
selective beta-blockers may cause bronchoconstriction
in patients with COPD. However, given that multiple
studies have shown that beta-1 selective beta-blockers
can be used safely in patients with asthma and COPD,
beta-1 selective drugs should be considered for patients
with COPD.**

CKD is very common in patients with HF and is a well-
known risk factor in patients with HE2*?” In this study,
53% of patients had CKD, and its prevalence increased
with age. Since RAS inhibitors can initially aggravate
renal function, many physicians withhold RAS inhibitors
in patients with CKD. Accordingly, CKD was associated
with a 54% reduced prescription rate of RAS inhibitors
(RAS inhibitors in CKD: 68% vs no CKD: 83%, p<0.001),
resulting in a 24% reduced prescription rate of GDMT.
By contrast, beta-blocker usage was not influenced by the
presence of CKD. Current guidelines recommend the
cautious use of RAS inhibitors in patients with HF and
advanced CKD."" Our study supports this recommenda-
tion, since RAS inhibitor use was associated with a 34%
reduced risk of all-cause mortality in patients with CKD.

Limitations

The present study has several limitations. First, owing to
the observational nature of the study design, confounding
factors may have influenced the study results, despite
adjustment for significant covariates. Furthermore, there
exists a possibility that unmeasured variables may have
influenced the results. Second, the registry could not
capture all comorbidities including functional or cogni-
tive impairments, which are an important prognostic
factor for elderly patients.”® Third, we performed the
IPTW analysis to mitigate the impact of compounding
factors, but there exists the possibility that variables
included in the IPTW analysis had not been sufficiently
categorised for producing balanced groups. Fourth,
although the KorAHF registry was designed to enrol all
hospitalised patients with HF, there exists the possibility
that some of the patients may not have been enrolled.
Fourth, we did not consider the dosage when defining
GDMT. Although there exists controversy on the relation-
ship between drug dosage and outcomes, it should also
be investigated in elderly patients.”” Finally, we do not
know whether the patients actually took the prescribed
drugs, as many patients had multiple comorbidities, and
polypharmacy is known to be associated with poor drug
compliance.

CONCLUSIONS

HF is common among the elderly, but elderly patients
with HF receive less GDMT. The present study suggests
that GDMT may be effective in elderly and very elderly
patients with HFrEF, and physicians should make an
effort to prescribe GDMT to these high-risk patients.
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