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Abstract

Aims We investigated titration patterns of angiotensin-converting enzyme inhibitors (ACEis)/angiotensin receptor blockers
(ARBs) and beta-blockers, quality of life (QoL) over 6 months, and associated 1 year outcome [all-cause mortality/heart failure
(HF) hospitalization] in a real-world population with HF with reduced ejection fraction (HFrEF).
Methods and results Participants with HFrEF (left ventricular ejection fraction <40%) from a prospective multi-centre study
were examined for use and dose [relative to guideline-recommended maintenance dose (GRD)] of ACEis/ARBs and
beta-blockers at baseline and 6 months. ‘Stay low’ was defined as <50% GRD at both time points, ‘stay high’ as ≥50% GRD,
and ‘up-titrate’ and ‘down-titrate’ as dose trajectories. Among 1110 patients (mean age 63 ± 13 years, 16% women, 26%
New York Heart Association Class III/IV), 714 (64%) were multi-ethnic Asians from Singapore and 396 were from New
Zealand (mainly European ethnicity). Baseline use of either ACEis/ARBs or beta-blockers was high (87%). Loop diuretic was
prescribed in >80% of patients, mineralocorticoid receptor antagonist in about half of patients, and statins in >90% of pa-
tients. At baseline, only 11% and 9% received 100% GRD for each drug class, respectively, with about half (47%) achieving
≥50% GRD for ACEis/ARBs or beta-blockers. At 6 months, a large majority remained in the ‘stay low’ category, one third re-
mained in ‘stay high’, whereas 10–16% up-titrated and 4–6% down-titrated. Patients with lower (vs. higher) N-terminal pro-
beta-type natriuretic peptide levels were more likely to be up-titrated or be in ‘stay high’ for ACEis/ARBs and beta-blockers
(P = 0.002). Ischaemic aetiology, prior HF hospitalization, and enrolment in Singapore (vs. New Zealand) were independently
associated with higher odds of ‘staying low’ (all P < 0.005) for prescribed doses of ACEis/ARBs and beta-blockers. Adjusted for
inverse probability weighting, ≥100% GRD for ACEis/ARBs [hazard ratio (HR) = 0.42; 95% confidence interval (CI) 0.24–0.73]
and ≥50% GRD for beta-blockers (HR = 0.58; 95% CI 0.37–0.90) (vs. Nil) were associated with lower hazards for 1 year com-
posite outcome. Country of enrolment did not modify the associations of dose categories with 1 year composite outcome.
Higher medication doses were associated with greater improvements in QoL.
Conclusions Although HF medication use at baseline was high, most patients did not have these medications up-titrated
over 6 months. Multiple clinical factors were associated with changes in medication dosages. Further research is urgently
needed to investigate the causes of lack of up-titration of HF therapy (and its frequency), which could inform strategies for
timely up-titration of HF therapy based on clinical and biochemical parameters.
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Introduction

Guideline-directed medical therapy (GDMT) is the corner-
stone in managing heart failure (HF) with reduced ejection
fraction (HFrEF), proven to improve survival and patient
health-related quality of life (QoL).1,2 For maximal benefits,
international guidelines recommend that each HF medication
be titrated to guideline-recommended target doses (GRD), as
tolerated.1,2 Unfortunately, under-dosing of GDMT occurs in
majority of HFrEF cases.3–7 With the ever-growing burden of
HF, even in non-elderly persons,8,9 guideline-directed dose
optimization is crucial in improving clinical outcomes and
reining in the huge costs of frequent hospitalization. There
is thus an urgent need to characterize the gaps in longitudinal
titration patterns of evidence-based medications in
real-world HF populations.5,6

Studies from Asia have shown prescription of particularly
low dosages of GDMT among HFrEF patients,4,7 not explained
by contraindications to up-titration. Asian patients are gener-
ally younger, smaller, and leaner than patients of White
ethnicity.4,7,8 Therefore, there is a common perception that
Asian patients might do with lower doses.10–12 However, data
relating to any sustained differences between Asian and
Western populations in longitudinal titration patterns of
evidence-based anti-HF medications are sparse.

Therefore, this study aimed to investigate titration pat-
terns of angiotensin-converting enzyme inhibitors (ACEis)/
angiotensin receptor blockers (ARBs) and beta-blockers (as
the ‘backbone’ of HFrEF therapy), change in the QoL over
6 months, and associated 1 year composite outcome of
all-cause mortality/HF hospitalization in real-world popula-
tions with HFrEF in Singapore (SG) and New Zealand (NZ).
As a secondary objective, we examined if the country of en-
rolment modified the association of medication doses with
1 year composite outcome. A better understanding of the fac-
tors influencing prescribing patterns could provide opportuni-
ties to optimize medications.

Methodology

Study design and study population

The design and study population had been previously
described.13,14 A prospective longitudinal multi-centre study
of patients with HF was conducted in parallel in NZ (four cen-

tres) and SG (six centres) according to a common protocol.
Patient enrolment commenced from March 2010 through
August 2014. The inclusion and exclusion criteria had been
previously described.8,13 Patients enrolled were adults aged
≥18 years with a clinical diagnosis of HF admitted to hospital
for a primary diagnosis of HF or attending an outpatient clinic
in the hospital for management of HF within 6 months of an
episode of decompensated HF. All patients had signs and
symptoms of HF and objective evidence based on echocardi-
ography in accordance to the European Society of Cardiology
2012 guidelines,15 confirmed by the attending physician and
verified by the site investigator. Only patients with HFrEF
[defined as left ventricular ejection fraction (LVEF) <40%]
were included for dose analysis for this study.

Exclusion criteria included severe valvular heart disease,
transient acute pulmonary oedema in the context of primary
acute coronary syndrome, end-stage renal failure, specific HF
subgroups (including constrictive pericarditis, congenital
heart disease, hypertrophic cardiomyopathy, cardiac amyloid,
and chemotherapy-associated cardiomyopathy), isolated
right HF, life-threatening comorbidity with life expectancy
<1 year, and inability to provide consent. Transient causes
of reduced ejection fraction (EF) due to acute myocarditis
or takotsubo cardiomyopathy were not specifically examined.

Patients were followed up prospectively for a 1 year com-
posite outcome of all-cause mortality or HF hospitalization.

Ethics approvals were obtained from each participating
centre’s local institutional review committee, and all partici-
pating subjects gave informed consent. This study conforms
to the ethical guidelines as laid down in the Declaration of
Helsinki.

Data collection and medications

Patients were assessed upon enrolment (baseline visit) and
visits at 6 weeks and 6 months and by telephone calls at 1
and 2 years. Demographics, clinical signs and symptoms on
physical examination, New York Heart Association (NYHA)
functional status, serum biochemistry, medical history,
12-lead electrocardiography, medications (including doses
prescribed), prior interventions, and QoL measurements
were recorded. Information on HF history (including
aetiology and duration of HF) and prior use of implantable
cardioverter defibrillator (ICD) or pacemaker was also col-
lected. Comprehensive two-dimensional echocardiography
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was also performed on all eligible patients, using standard-
ized machines at study sites.

Health-related QoL was assessed at baseline and 6 week
and 6 month visits using the Minnesota Living with Heart Fail-
ure Questionnaire (MLHFQ).16 The MLHFQ is a self-report
questionnaire comprising 21 items, which assesses how HF
affects the physical and emotional dimensions of well-
being.17 These dimensions are combined into a total score
that reflects a global assessment of well-being. The MLHFQ
score, computed by the summation of the scores to all the
questions, ranges from 0 (which equates to no impairment
as a consequence of HF) to 105 for maximum impairment.
Lower MLHFQ scores therefore correlate with better QoL. Ab-
solute values of MLHFQ or change in total and domain scores
at 6 months from baseline were assessed.

Use and dose (calculated as per cent of GRD, Supporting
Information, Table S1) of ACEis/ARBs and beta-blockers at
baseline and 6 months were examined. Doses were grouped
into the following categories: 0%, 1–24%, 25–49%, 50–99%,
and ≥100%. Use of other medications: mineralocorticoid re-
ceptor antagonist (MRA), loop diuretics, and statins were
captured as binary variables (yes/no). As patient enrolment
occurred before market availability of ivabradine, angiotensin
receptor neprilysin inhibitor (ARNi), and sodium–glucose
cotransporter-2 inhibitors (SGLT2is), these medications were
not reported. For transition across dose categories (between
baseline and 6 months), ‘stay low’ was defined as prescription
of <50% GRD at both visits, ‘stay high’ as ≥50% GRD at both
visits, and ‘up-titrate’ and ‘down-titrate’ if transition occurred
from <50% to ≥50% GRD in the former and vice versa for the
latter. Patients were considered successfully up-titrated when
≥50% recommended target doses for ACEis/ARBs or
beta-blockers were achieved after up-titration.4 In cases
where medication doses at 6 months are missing, medication
doses at 6 weeks were used to replace or carry forward to
6 months. However, up-titration of medications might be
underestimated using this method because up-titration
would usually be done within 3 months, not within 6 weeks.
One-year medication doses were not used to replace
6 months’ missing data in view of the bias associated with
telephone follow-up and excess elapsed duration from the
early phase when up-titration would have customarily been
completed.

Outcomes

The primary outcome was a composite outcome of all-cause
mortality or HF hospitalization at 1 year. Health-related QoL
measured at 6 months and number of hospitalization days
(LOS) for first HF hospitalization from baseline were second-
ary outcomes.

Statistical analysis

Baseline characteristics of patients stratified into five dose
categories of each therapeutic class at baseline (none,
1–<25%, 25–<50%, 50–<100%, and ≥100% of GRD) were
described and compared. The binning of dose categories
reflected the predominance of low doses of medications pre-
scribed. Patients were further characterized based on their
dose trajectories (transition groups) over the 6 months. Stan-
dard descriptive statistics, including, as appropriate,
mean ± standard deviation (SD) and median plus 25th–75th
percentiles or numbers and percentages, were used to char-
acterize the study populations and subgroups. Distribution
of all continuous variables was checked at start of the analy-
sis. For variables that have skewed non-Gaussian distribution,
non-parametric tests were used and log-transformation was
applied in multivariable regression analyses. We tested differ-
ences between groups using the one-way analysis of variance
or Kruskal–Wallis test (for continuous variables) or the χ2 test
(for categorical variables).

Multivariable logistic regression models were used to ex-
amine the association of independent baseline variables with
‘stay low’ and separately ‘up-titrate’ in the dose transition.
Recognizing that the study was an observational
non-randomized study, we were careful to adjust for treat-
ment indication bias in outcome analyses. All analyses for
the associations of ACEi/ARB and beta-blocker treatment
with outcomes were inversely weighted for the probability
of achieving ≥50% GRD.4 These weights were calculated by
the mean probability per patient predicted by a penalized lo-
gistic model fitted to five imputed datasets [implemented for
missing data in the MICE package using the R statistical pro-
gram (Version 4.0.4)]. For the penalized logistic regression
analysis used to predict successful treatment (of ≥50% GRD
at 6 months), we included a comprehensive list of clinical var-
iables (Supporting Information, Table S4).

Univariable Cox proportional hazard models inversely
weighted for the probability of achieving ≥50% GRD and mul-
tivariable Cox models were used to examine the association
of dose categories (0%, 1–<50%, 50–<100%, and ≥100%)
achieved at 6 months, by medication class with outcomes.
The association of dose transition categories (‘stay low’, ‘stay
high’, ‘up-titrate’, and ‘down-titrate’) at 6 months by thera-
peutic class with outcomes was similarly examined. We
tested the proportionality of hazard assumptions, and they
were valid. Patients who were missing information on medi-
cations (ACEi/ARB or beta-blocker) at baseline were excluded
from the analysis. Furthermore, those lost to follow-up or
who died before the 6 month visit were excluded from dose
transition and survival analysis (Supporting Information,
Figure S1).

Linear regression models were used to examine the associ-
ation of independent variables with QoL (and change in QoL)
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scores at 6 months. For all analyses, reported P values were
two-sided and significant at 5% level. All analyses were per-
formed using Stata (Version 14) (College Station, TX, USA).

Results

Among 1110 patients with HFrEF (mean age 63 ± 13 years,
16% women, 26% NYHA Class III/IV), 714 (64%) were
multi-ethnic Asians from SG and 396 were from NZ (mainly
NZ European ethnicity). Patients from SG (compared with
those from NZ) were younger and less frequently women,
had lower body mass index (BMI), and were less likely to have
comorbid atrial fibrillation and be in NYHA Class III/IV. In con-
trast, they were more likely to have ischaemic aetiology, hy-
pertension, anaemia, prior HF hospitalization, and notably
twice as high prevalence of diabetes (all P < 0.05, Supporting
Information, Table S2). Symptom burden was consistent re-
gardless of country, with similar proportions manifesting
orthopnoea, peripheral oedema, paroxysmal nocturnal dys-
pnoea, and dyspnoea at rest.

Ischaemic aetiology was predominant, in 60% of the pa-
tients with HFrEF. Of the non-ischaemic subgroup,
‘dilated/idiopathic’ accounted for about half (48%), followed
by hypertensive and arrhythmias. Cardiac devices [ICD, car-
diac resynchronization therapy defibrillator (CRT-D), and
pacemaker] were implanted in only 129 patients (11.6% of
the cohort), ICD or CRT-D in 94 patients, and pacemaker in
35 patients.

Tables 1 and 2 showed the baseline characteristics of pa-
tients from the total cohort in the five different baseline dose
categories (none, 1–24%, 25–49%, 50–99%, and ≥100%) for
ACEis/ARBs and beta-blockers, respectively. Lower doses
(<50% GRD) of ACEis/ARBs (vs. higher dose categories) were
more likely prescribed among those who were older, who had
lower BMI or body surface area (BSA) and lower LVEF but
higher heart rate, with underlying ischaemic aetiology and
anaemia, who were enrolled as inpatients, and of Asian de-
scent (Table 1). These characteristics were similar to those
in lower dose categories for beta-blockers (Table 2).

At baseline, treatment with ACEis/ARBs and beta-blockers
was high (86–88%), with no significant difference among those
with or without prior HF hospitalization. Loop diuretic was
prescribed in>80% of patients, MRA in about half of patients,
and statins in >90% of patients. Target (100%) GRD was pre-
scribed in only 11% and 9% for ACEis/ARBs and beta-blockers,
respectively, in the combined cohort, with about half (47%)
achieving ≥50% GRD for ACEis/ARBs or beta-blockers. Median
dose at baseline for ACEis/ARBs was 25% (vs. 40% GRD) in
Asian compared with NZ patients (P < 0.001). No such differ-
ence was observed for beta-blockers.

Distribution of dose categories in the total cohort at base-
line and 6 months and in stratified groups [with and without

prior HF hospitalization, inpatients and outpatients, and by
country of enrolment (NZ/SG)] for ACEis/ARBs and
beta-blockers is shown in Figure 1A,C and B,D, respectively.
Patients with no prior HF hospitalization and those enrolled
from NZ were more likely to achieve doses of ≥50% GRD
for ACEis/ARBs at 6 months.

Medication dose trajectories over 6 months from
baseline

Over the 6 month period, for ACEis/ARBs, successful
up-titration occurred only in 10% of patients and
down-titration in 4% of patients with no change observed
in 86% of patients [‘stay low’ (n = 439, 56%) and ‘stay high’
(n = 236, 30%)] (Figure 1A). However, more patients were
up-titrated for beta-blockers (16% vs. 10% for ACEis/ARBs,
Figure 1B). Patients with lower N-terminal pro-beta-type na-
triuretic peptide (NT-proBNP) levels were more likely to be
up-titrated or be in ‘stay high’ for ACEis/ARBs and beta-
blockers; in contrast, those who transited to ‘down-titrate’
or remained in ‘stay low’ had the highest NT-proBNP levels
(Tables 3 and 4). The patients enrolled at the time of a hospi-
talization (as compared with outpatients) were more likely to
have subsequent up-titration of beta-blockers (P = 0.04);
however, for ACEis/ARBs, attempts to up-titrate were ob-
served in some but doses were curtailed by 6 months. Nota-
bly, patients from SG were more likely to be in ‘stay low’ com-
pared with NZ patients (P < 0.001) (Tables 3 and 4).

Higher heart rate, ischaemic aetiology, prior HF hospitaliza-
tion, enrolment in SG (vs. NZ), higher baseline NT-proBNP,
and anaemia were independently associated with higher
odds of ‘staying low’ (all P < 0.005), whereas history of hy-
pertension, higher BMI, and higher LVEF were associated
with lower adjusted odds of ‘staying low’ with respect to
ACEi/ARB dose. For beta-blockers, increasing age, ischaemic
aetiology, prior HF hospitalization, and enrolment in SG (vs.
NZ) were associated with higher odds of ‘staying low’,
whereas comorbid atrial fibrillation, history of hypertension,
and higher BMI were associated with lower odds of ‘staying
low’ (Supporting Information, Table S3). Enrolment in SG
(vs. NZ) was the strongest independent predictor of ‘staying
low’ for both ACEi/ARB [odds ratio (OR) = 3.56; 95% confi-
dence interval (CI) 2.54–4.98] and beta-blocker doses
(OR = 3.13; 95% CI 2.25–4.34) prescribed at 6 months even
after adjusting for age, BMI, systolic blood pressure (SBP),
heart rate, and prior hospitalization.

Outcomes

Crude 1 year composite outcome (of all-cause mortality or HF
hospitalization) occurred in 34.7% (385 events) of the overall
cohort. The crude 1 year composite outcome was similar be-
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tween patients enrolled from SG and NZ (P = 0.272), as was
HF hospitalization alone (P = 0.089). Mean LOS did not differ
between countries (5.18 ± 4.7 vs. 5.55 ± 13.5 days, P = 0.384);
81 patients (7%) died within 6 months and were thus ex-
cluded from the 1 year time-to-event analysis of dose and
transition categories at 6 months.

Number of 1 year crude composite events decreased with
increasing ACEi/ARB doses prescribed at 6 months: Nil treat-
ment (40%), 1–<50% (30.6%), 50–<100% (29.7%), and
≥100% GRD (18.5%). Through the 6 month titration follow-
up, patients who were in the ‘up-titrate’ or ‘stay high’ dose
trajectory groups had better outcomes (19.5% and 27.0%
event rates, respectively) compared with those who were in
the ‘stay low’ (29.5% event rate) or ‘down-titrate’ dose tra-
jectory groups (44.1% event rate, P = 0.05). The correspond-
ing crude composite events for beta-blocker dose categories
at 6 months were Nil treatment (41.8%), 1–<50% (30.7%),
50–<100% (24.8%), and ≥100% GRD (25.4%), P < 0.001, re-
spectively. Similar observations were seen for beta-blocker
dose trajectory groups as for ACEi/ARB treatment.

Figures 2 and 3 showed the hazard ratios for ACEi/ARB and
beta-blocker dose categories at 6 months and dose trajectory
groups, respectively. Notably, in Cox analysis weighted by the
inverse probability of successful treatment, there appeared
to be a ‘threshold,’ that is, 50% or more GRD for
ACEis/ARBs for a trend in reduction in the hazard ratio (HR,

as compared with no treatment). In contrast, for beta-
blockers, any dose (even for low dose 1–<50%) was
associated with a trend of lower adjusted hazards of a 1 year
composite outcome, though not all statistically significant
(Figure 2). There is a consistent trend observed, in that as
compared with those in the ‘stay low’ group, those who
were in the ‘up-titrate’ or ‘stay high’ groups for both
ACEis/ARBs and beta-blockers had improvement in
outcomes, whereas those were in the ‘down-titrate’ group
had worse outcomes at 1 year (Figure 3). Country of
enrolment did not modify the associations of dose
categories [ACEis/ARBs (Pinteraction = 0.208); beta-blockers
(Pinteraction = 0.631)] nor dose trajectory groups [ACEis/ARBs
(Pinteraction = 0.796); beta-blockers (Pinteraction = 0.695)] with
1 year composite outcome.

Increasing dose categories of ACEis/ARBs (at 6 months)
were associated with a gradual decline in hospitalization
days for HF (within 1 year), with the lowest mean LOS at
doses [75–99% and ≥100%; 3.38 ± 2.2 vs. 8.32 ± 36.3
(for doses <25%), P < 0.001]. For transition groups, patients
who ‘up-titrate’ (3.45 ± 2.6 days) or ‘stay high’
(4.17 ± 4.6 days) had the shortest mean LOS compared with
other transition groups, especially the ‘down-titrate’ group
that had the longest mean LOS (20.8 ± 76.3; P < 0.001)
for ACEis/ARBs. Similar findings were observed for
beta-blockers (P < 0.001).

Figure 1 Longitudinal titration patterns and dose trajectories over 6 months for patients treated with (A) angiotensin-converting enzyme inhibitors
(ACEis) or angiotensin receptor blockers (ARBs) and (B) beta-blockers. Dose category distribution at 6 months by stratified groups of patients with
vs. no prior heart failure (HF) hospitalization, inpatients vs. outpatients, and enrolment from New Zealand (NZ) vs. from Singapore (SG) for (C)
ACEis/ARBs and (D) beta-blockers. GRD, guideline-recommended dose.
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Quality of life

In 767 patients with QoL assessed at baseline and 6 months,
there was overall improvement in the total QoL score (mean
improvement 13 points). Among patients treated with
ACEis/ARBs, improvement in total overall QoL score was
highest (with a mean of 18 points) among those who
achieved ≥100% GRD, compared with 9–13 points of im-
provement in lower dose categories (P = 0.070). Interestingly,
for beta-blocker dose categories, mean improvement (of 11–
14 points) in overall score across all (including 1–<50% GRD)
dose categories achieved was observed, with no significant
difference between them (P = 0.866). No significant differ-
ence in change in physical limitation domain score across

dose categories was observed for ACEis/ARBs (5–9 points;
P = 0.147) or beta-blockers (5–7 points; P = 0.744). There
were also no significant differences in changes in total QoL
scores across transition dose categories for ACEis/ARBs
(P = 0.136) or beta-blockers (P = 0.151), although those in
the ‘up-titrate’ groups had the greatest improvement. Differ-
ences persisted even on multivariable adjustment.

Discussion

Among a real-world cohort of patients with HF and LVEF of
<40% enrolled from SG and NZ, who were followed for lon-

Table 3 Baseline characteristics of dose trajectories for RASi (angiotensin-converting enzyme inhibitors or angiotensin receptor blockers)
groups at 6 months

Factor Stay low Up-titrate Down-titrate Stay high P value

N 439 82 34 236
Demographics

Age (years), mean (SD) 61.9 (13.2) 61.1 (12.9) 64.0 (10.6) 61.1 (11.9) 0.6
Women 70 (15.9%) 12 (14.6%) 8 (23.5%) 37 (15.7%) 0.67
Enrolled in SG (vs. NZ) 328 (74.7%) 41 (50.0%) 20 (58.8%) 106 (44.9%) <0.001
Enrolled as inpatient 260 (59.2%) 50 (61.0%) 22 (64.7%) 139 (58.9%) 0.92
History of prior HF hospitalization 273 (62.2%) 32 (39.0%) 18 (52.9%) 121 (51.3%) <0.001

Clinical exam/signs and symptoms
NYHA Class III/IV (vs. I/II) 99 (22.8%) 14 (17.1%) 10 (29.4%) 54 (23.2%) 0.5
BMI (kg/m2), mean (SD) 26.1 (5.1) 27.2 (5.5) 26.0 (4.9) 28.9 (6.6) <0.001
BSA (m2), mean (SD) 1.79 (0.22) 1.89 (0.22) 1.82 (0.24) 1.94 (0.26) <0.001
Systolic BP (mmHg), mean (SD) 116.2 (18.1) 124.0 (22.4) 123.8 (22.6) 123.7 (21.5) <0.001
Diastolic BP (mmHg), mean (SD) 70.1 (11.5) 75.4 (14.6) 72.3 (12.4) 74.6 (14.3) <0.001
Heart rate (b.p.m.), mean (SD) 77.7 (13.5) 73.6 (14.6) 76.4 (16.7) 74.4 (13.7) 0.007
LVEF (%), median (IQR) 25 (20, 30) 25 (23, 31) 30 (25, 34) 28 (22, 34) <0.001
Ischaemic aetiology 277 (63.1%) 35 (42.7%) 21 (61.8%) 118 (50.0%) <0.001
Shortness of breath on exertion 281 (64.2%) 51 (62.2%) 27 (79.4%) 165 (69.9%) 0.14
Shortness of breath at rest 62 (14.2%) 4 (4.9%) 4 (11.8%) 28 (11.9%) 0.13
Reduction in exercise tolerance 271 (61.7%) 52 (63.4%) 25 (73.5%) 165 (69.9%) 0.13
Orthopnoea 107 (24.4%) 17 (20.7%) 10 (29.4%) 56 (23.7%) 0.78
Paroxysmal nocturnal dyspnoea 72 (16.4%) 14 (17.1%) 10 (29.4%) 33 (14.0%) 0.16
Peripheral oedema 136 (31.2%) 24 (29.3%) 14 (41.2%) 81 (34.5%) 0.51

Laboratory values
NT-proBNP (ng/L), median (IQR) 2314 (1223, 4507) 1745 (980, 4689) 3310 (1608, 7295) 1651 (851, 3946) 0.002
Potassium (mmol/L), median (IQR) 4.1 (3.7, 4.5) 4.0 (3.8, 4.3) 4.1 (3.8, 4.5) 4.1 (3.8, 4.5) 0.48
eGFR (mL/min/1.73 m2), median (IQR) 59.2 (47.0, 76.8) 67.4 (54.1, 83.4) 59.3 (40.8, 75.2) 58.2 (46.9, 72.7) 0.067

Medical history
Hypertension 239 (55.6%) 42 (51.9%) 28 (82.4%) 168 (72.1%) <0.001
Diabetes 202 (46.2%) 30 (36.6%) 13 (38.2%) 109 (46.2%) 0.34
Atrial fibrillation 131 (29.8%) 24 (29.3%) 12 (35.3%) 78 (33.1%) 0.77
Anaemia 142 (37.2%) 24 (30.8%) 14 (43.8%) 56 (25.9%) 0.022
Charlson comorbidity index, mean (SD) 2.3 (1.3) 2.1 (1.4) 2.6 (1.7) 2.5 (1.6) 0.078

Medications at baseline
Beta-blockers at baseline 387 (88.6%) 74 (90.2%) 32 (94.1%) 213 (91.0%) 0.61
Beta-blocker dose (%GRD)

at baseline, median (IQR)
25 (13, 50) 25 (13, 50) 50 (25, 63) 50 (25, 63) <0.001

MRA at baseline 239 (54.4%) 39 (47.6%) 21 (61.8%) 123 (52.1%) 0.49
Loop diuretic at baseline 403 (91.8%) 74 (90.2%) 34 (100.0%) 222 (94.1%) 0.21
Statin at baseline 329 (74.9%) 55 (67.1%) 25 (73.5%) 175 (74.2%) 0.53

Outcomes
Composite outcome at 1 year 131 (29.8%) 16 (19.5%) 15 (44.1%) 66 (28.0%) 0.054

%GRD, per cent guideline-recommended dose; BMI, body mass index; BP, blood pressure; BSA, body surface area; eGFR, estimated glo-
merular filtration rate; HF, heart failure; IQR, interquartile range; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist; NT-proBNP, N-terminal pro-beta-type natriuretic peptide; NYHA, New York Heart Association; NZ, New Zealand; RASi, renin–
angiotensin system inhibitor; SD, standard deviation; SG, Singapore.
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Table 4 Baseline characteristics of dose trajectories for beta-blockers at 6 months

Factor Stay low Up-titrate Down-titrate Stay high P value

N 382 125 46 242
Demographics

Age (years), mean (SD) 63.1 (12.8) 58.9 (12.2) 63.3 (13.9) 61.4 (12.0) 0.009
Women 62 (16.2%) 19 (15.2%) 4 (8.7%) 38 (15.7%) 0.61
Enrolled in SG (vs. NZ) 274 (71.7%) 65 (52.0%) 24 (52.2%) 128 (52.9%) <0.001
Enrolled as inpatient 227 (59.4%) 86 (68.8%) 33 (71.7%) 130 (53.7%) 0.014
History of prior HF hospitalization 223 (58.4%) 59 (47.2%) 29 (63.0%) 145 (59.9%) 0.082

Clinical exam/signs and symptoms
NYHA class 80 (21.3%) 34 (27.4%) 12 (26.1%) 56 (23.4%) 0.52
BMI (kg/m2), mean (SD) 25.6 (5.2) 28.2 (6.0) 27.0 (6.2) 28.0 (5.4) <0.001
BSA (m2), mean (SD) 1.78 (0.23) 1.91 (0.25) 1.87 (0.25) 1.90 (0.22) <0.001
Systolic BP (mmHg), mean (SD) 115.6 (18.5) 120.7 (21.4) 121.3 (23.4) 124.0 (20.7) <0.001
Diastolic BP (mmHg), mean (SD) 69.9 (12.1) 73.3 (14.3) 70.7 (11.8) 74.5 (13.3) <0.001
Heart rate (b.p.m.), mean (SD) 75.2 (13.1) 79.2 (14.1) 73.5 (15.2) 76.7 (15.1) 0.022
LVEF (%), median (IQR) 25 (20, 30) 25 (21, 30) 28 (25, 35) 28 (23, 35) 0.001
Ischaemic aetiology 232 (60.7%) 64 (51.2%) 24 (52.2%) 133 (55.0%) 0.19
Shortness of breath at rest 40 (10.5%) 16 (12.8%) 8 (17.4%) 34 (14.1%) 0.39
Reduction in exercise tolerance 239 (62.6%) 88 (70.4%) 33 (71.7%) 153 (63.2%) 0.29
Orthopnoea 92 (24.1%) 34 (27.2%) 11 (23.9%) 53 (21.9%) 0.73
Paroxysmal nocturnal dyspnoea 62 (16.2%) 26 (21.0%) 5 (10.9%) 37 (15.3%) 0.37
Peripheral oedema 118 (31.1%) 34 (27.2%) 25 (55.6%) 77 (32.0%) 0.005

Laboratory values
NT-proBNP (ng/L), median (IQR) 2439 (1122, 5193) 2041 (1040, 4263) 2495 (1562, 6500) 1947 (1040, 4078) 0.073
Potassium (mmol/L), median (IQR) 4.1 (3.7, 4.4) 4.1 (3.7, 4.4) 4.0 (3.8, 4.5) 4.2 (3.8, 4.5) 0.7
eGFR (mL/min/1.73 m2), median (IQR) 59.9 (47.0, 76.0) 61.5 (48.0, 75.4) 58.9 (41.1, 71.4) 56.8 (44.6, 73.9) 0.36
Shortness of breath on exertion 246 (64.4%) 86 (68.8%) 37 (80.4%) 158 (65.6%) 0.16

Medical history
Hypertension 214 (56.6%) 80 (66.1%) 28 (62.2%) 155 (64.9%) 0.12
Diabetes 163 (42.7%) 60 (48.4%) 18 (40.0%) 119 (49.2%) 0.32
Atrial fibrillation 99 (25.9%) 38 (30.4%) 22 (47.8%) 99 (40.9%) <0.001
Anaemia 124 (36.4%) 44 (37.9%) 22 (50.0%) 58 (27.0%) 0.011
Charlson comorbidity index, mean (SD) 2.3 (1.4) 2.4 (1.5) 2.6 (1.8) 2.6 (1.5) 0.2

Medications at baseline
ACEi/ARB at baseline 331 (86.6%) 117 (93.6%) 40 (87.0%) 217 (89.7%) 0.18
ACEi/ARB dose (%GRD) at baseline, median (IQR) 20 (13, 38) 25 (13, 50) 38 (20, 100) 50 (25, 100) <0.001
MRA at baseline 211 (55.2%) 60 (48.0%) 22 (47.8%) 129 (53.3%) 0.47
Loop diuretic at baseline 357 (93.5%) 114 (91.2%) 43 (93.5%) 228 (94.2%) 0.75
Statin at baseline 283 (74.1%) 89 (71.2%) 28 (60.9%) 185 (76.4%) 0.15

Outcomes
Composite outcome at 1 year 114 (29.8%) 21 (16.8%) 18 (39.1%) 73 (30.2%) 0.009

%GRD, per cent guideline-recommended dose; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI,
body mass index; BP, blood pressure; BSA, body surface area; eGFR, estimated glomerular filtration rate; HF, heart failure; IQR, interquar-
tile range; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-beta-type na-
triuretic peptide; NYHA, New York Heart Association; NZ, New Zealand; SD, standard deviation; SG, Singapore.

Figure 2 Association of medication dose categories at 6 months with 1 year composite outcome (inversely weighted for probability of achieving ≥50%
guideline-recommended dose). BBL, beta-blocker; HR, hazard ratio; RASi, renin–angiotensin system inhibitor.
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gitudinal titration of ACEis/ARBs and beta-blockers, a large
majority did not receive GRD of the two foundational thera-
pies for HFrEF. Despite high baseline medication use, only 1
in 10 patients were initiated or up-titrated on the dose of
ACEis/ARBs over 6 months, and <1 in 5 patients were initi-
ated or up-titrated on the dose of beta-blockers. More than
80% had stable dosing, with two distinctive large clusters at
two ends of the spectrum: stable ‘stay low’ sub-target doses
(dominated by Asian patients from SG) and ‘stay high’ (mainly
patients from NZ). The best improvement in patient
health-related QoL and least risk of the composite outcome
of 1 year all-cause mortality or HF hospitalization were ob-
served among those who achieved target GRD for
ACEis/ARBs. Interestingly, for beta-blockers, all dose catego-
ries (including small doses) improved overall QoL and primary
composite outcome. Country of enrolment did not modify
the associations of dose categories or dose transition groups
of ACEis/ARBs and beta-blockers with a primary composite
outcome at 1 year.

Multiple factors were associated with titration patterns for
ACEis/ARBs and beta-blockers, reflecting the complex web of
clinical, biological, and socio-economic determinants of treat-
ment. In general, patients with a higher comorbidity burden,
greater age, chronic kidney disease (CKD), anaemia, history of
prior HF hospitalization, and/or higher heart rate had a lower
likelihood of receiving medication doses ≥50% GRD. In con-
trast, higher SBP, higher BMI, lower NT-proBNP levels,
and/or absence of prior HF hospitalization were associated
with a higher likelihood of achieving higher doses of
ACEis/ARBs and beta-blockers. Of note, we observed that pa-
tients (regardless of country of enrolment) who started on
low medication dosages were more likely to remain in ‘stay
low’ group over the 6 months.

So far, few studies, for example, the US CHAMP-HF
(Change the Management of Patients with Heart Failure
registry),5 QUALIFY (QUality of Adherence to guideline rec-
ommendations for LIFe-saving treatment in heart failure
surveY),6 and IMPROVE-HF (Improve the Use of
Evidence-Based Heart Failure Therapies in the Outpatient

Setting)18 programme, have reported longitudinal titration
of medical therapy among patients with HFrEF, with a paucity
of data from Asia-Pacific. In CHAMP-HF19 and QUALIFY,6 find-
ings were largely similar to our own: only a small proportion
of patients were up-titrated during the follow-up period. Fur-
thermore, patient characteristics associated with higher
doses achieved or up-titrated were similar, that is, younger
patients with no/lower comorbidities, higher blood pressure
(BP), and higher BMI. In contrast, older and sicker patients
with high comorbidity burden were less likely to be up-
titrated. Our current study extends previous findings: firstly,
in examining the change in patient health-related QoL associ-
ated with dose categories of ACEis/ARBs and beta-blockers,
and secondly, in comparing the longitudinal titration patterns
in an Asian sub-cohort (from SG) with NZ (mainly White pa-
tients) using identical protocols.

Despite the geographical differences between SG and NZ
(as two highly developed countries), physicians’ prescribing
patterns at baseline were similar in regard to the high uptake
of both therapeutic groups and median dose of beta-blockers
(at baseline). However, inter-country differences in the longi-
tudinal trajectories of drug prescription were observed over
the 6 months. We cannot fully explain this finding based on
measured variables. Although all sites are tertiary care hospi-
tals and similar protocols are used for enrolment,
between-country differences cannot be excluded. Other
plausible explanations for the variation in dose trajectories
include heterogeneity in patient factors, for example, severity
of HF, high comorbidity burden, prior HF hospitalization,
frailty, and side effects experienced by patients limiting the
up-titration of the medications. Previous studies20,21 under-
taken in Asian ethnicities had reported prevalence of persis-
tent cough with ACEi, even in those who discontinued their
ACEi. Curtailment of doses observed in some patients after
initial attempted up-titration during the 6 months suggests
that intolerance could be a contributing factor. Higher BMI
or BSA in general was associated with higher medication
doses prescribed; however, patients’ risk factor profiles
[SBP, heart rate, estimated glomerular filtration rate (eGFR)

Figure 3 Association of medication transition groups with 1 year composite outcome (using multivariable-adjusted Cox proportional hazard model).
BBL, beta-blocker; HR, hazard ratio; RASi, renin–angiotensin system inhibitor.
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or CKD, and anaemia] are also likely to have influenced HF
dosage patterns, as observed in this study and a previous
multi-ethnic study.22 Nonetheless, review of baseline charac-
teristics of patients who remained in the ‘stay low’ groups
showed generally robust SBP (median >115 mmHg), heart
rate (median >75 b.p.m.), and kidney function (median eGFR
~60 mL/min/1.73 m2), suggesting that many patients may
have tolerated higher doses of ACEi/ARB or beta-blocker
had they been prescribed. Such findings may be consistent
with previously reported examples of clinical inertia in medi-
cal therapy for HFrEF and potential overemphasis on per-
ceived risk of intolerance rather than actual intolerance limit-
ing guideline-directed medication titration. Although
landmark clinical trials suggest broad and consistent efficacy
and safety of GDMT across patient subsets, it remains to be
seen whether individualization in sequencing, timing, and
dosing may facilitate better overall implementation in
real-world practice. Regardless, management of this hetero-
geneous and complex syndrome requires assessment not
only limited to the presenting clinical features but also ex-
tended to the nuances of aetiology, comorbidities, frailty,
and precipitants of decompensation.23 Up-titration of GDMT
should be undertaken in a timely fashion, subject to tolerabil-
ity, in contrast to our observation of a large proportion of pa-
tients who have received persistently low dosages over time.
Importantly, rapid up-titration of GDMT (under close
follow-up and monitoring) had been shown to improve pa-
tients’ outcomes and QoL within 180 days in the recent
STRONG-HF study.24 Although data are mixed, a biomarker
(e.g. NT-proBNP)-guided approach25 may hold promise as a
strategy to improve implementation and up-titration of
GDMT.

Strengths and limitations

The prospective design with identical parallel protocols in NZ
and SG and the nationwide mortality/hospital admission reg-
isters for complete follow-up and low rate of missing data are
strengths of this study. As an observational real-world cohort,
it is not an interventional study and causality cannot be es-
tablished. Patients’ compliance, adherence, and persistence
to oral HF therapies were not examined. Robust statistical an-
alytical methods were used, and we corrected for indication
bias; unfortunately, there remains potential for residual bias
from unmeasured factors. The study cannot fully account
for heterogeneity in ethnicity, geographical area, healthcare
systems, individual physician practices, patient compliance,
and individual characteristics. Furthermore, causes of death
or cardiovascular (CV) mortality could not be examined. Rea-
sons for not achieving target doses (including whether titra-
tion had not been attempted and been attempted but com-
plicated by side effects, and other reasons, e.g. frailty) were
not recorded, and the impact of socio-economic status on

medication doses was not examined. However, as
ACEis/ARBs and HF beta-blockers were on standard formulary
listings of all the hospitals (investigation sites), these medica-
tions are cheap and readily available. Although healthcare
systems in NZ and SG might differ, in the latter, government
subsidies of up to 80% of the total charges coupled with
layers of healthcare financing aid are available to ensure that
citizens are not denied access to healthcare. Newer thera-
pies, such as ARNi and SGLT2i, have not been examined,
which might provide opportunities to optimize treatment in
patients using a wider array of therapeutic options. Until
more data are available to guide implementation, physicians
should continue to adhere to clinical guidelines including
achievement of target doses of ACEis/ARBs and beta-
blockers—the ‘backbone’ of HF therapy for improved out-
comes among patients with HFrEF.

Conclusions

Although HF medication use at baseline was high, doses sel-
dom met guideline-endorsed targets and most patients in
SG and NZ did not have these medications up-titrated over
6 months. Multiple clinical factors were associated with
changes in medication dosages. Higher doses of ACEis/ARBs
and beta-blockers were associated with better
patient-related QoL and 1 year composite outcomes. Future
research on other concomitant drugs, sex and age group dif-
ferences, and their impact on HF therapies are warranted.
Further research is urgently needed to investigate the causes
of lack of up-titration of HF therapy (and its frequency),
which could inform strategies for timely up-titration of HF
therapy based on clinical and biochemical parameters.

Clinical implications and competencies in medical
knowledge

• Higher doses of ACEis/ARBs and beta-blockers are associ-
ated with better outcomes, including patient
health-related QoL.

• Up-titration of GDMT in patients with HFrEF should be un-
dertaken in a timely fashion, subject to tolerability, in con-
trast to our observation of a large proportion of patients
who have received persistently low dosages over time.

• A biomarker (e.g. NT-proBNP)-guided approach may hold
promise as a strategy to improve implementation and
up-titration of GDMT.

Translational outlook

• Multiple clinical factors were associated with changes in
medication dosages. Further research is needed to under-
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stand the factors influencing prescribing patterns and op-
portunities to optimize medications in HFrEF.
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