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Background: Estimation of the economic burden of heart failure (HF) through

a complete evaluation is essential for improved treatment planning in the

future. This estimation also helps in reimbursement decisions for newer HF

treatments. This study aims to estimate the cost of HF treatment in Malaysia

from the Ministry of Health’s perspective.

Materials and methods: A prevalence-based, bottom-up cost analysis study

was conducted in three tertiary hospitals in Malaysia. Chronic HF patients

who received treatment between 1 January 2016 and 31 December 2018

were included in the study. The direct cost of HF was estimated from the

patients’ healthcare resource utilisation throughout a one-year follow-up

period extracted from patients’ medical records. The total costs consisted

of outpatient, hospitalisation, medications, laboratory tests and procedure

costs, categorised according to ejection fraction (EF) and the New York Heart

Association (NYHA) functional classification.

Results: A total of 329 patients were included in the study. The

mean ± standard deviation of total cost per HF patient per-year (PPPY) was

USD 1,971 ± USD 1,255, of which inpatient cost accounted for 74.7% of the

total cost. Medication costs (42.0%) and procedure cost (40.8%) contributed

to the largest proportion of outpatient and inpatient costs. HF patients with

preserved EF had the highest mean total cost of PPPY, at USD 2,410 ± USD

1,226. The mean cost PPPY of NYHA class II was USD 2,044 ± USD 1,528, the

highest among all the functional classes. Patients with underlying coronary

artery disease had the highest mean total cost, at USD 2,438 ± USD 1,456,

compared to other comorbidities. HF patients receiving angiotensin-receptor

neprilysin-inhibitor (ARNi) had significantly higher total cost of HF PPPY in

comparison to patients without ARNi consumption (USD 2,439 vs. USD 1,933,
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p < 0.001). Hospitalisation, percutaneous coronary intervention, coronary

angiogram, and comorbidities were the cost predictors of HF.

Conclusion: Inpatient cost was the main driver of healthcare cost for HF.

Efficient strategies for preventing HF-related hospitalisation and improving

HF management may potentially reduce the healthcare cost for HF

treatment in Malaysia.
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heart failure, cost analysis, economic burden, cost-of-illness, cost

Introduction

Heart failure (HF) is a complicated clinical diagnosis
resulting from structural and/or functional abnormalities.
These abnormalities reduce cardiac output and/or increase
in intra-cardiac pressures at rest or during exertion (1).
Over 60 million people globally have HF (2), and this
number will rise with age (3, 4). HF accounts for 6–10%
of all acute medical admissions and is a significant cause
of hospital readmissions in Malaysia (5). Although life
expectancies of HF patients have substantially improved
with the advancement of therapies, the myocardial damage
is irreversible, resulting more people eventually live
with HF (6).

The yearly global economic burden directly contributed by
HF was estimated at $108 billion per year, whereby direct cost
accounted for about 60% of the total cost of treating HF (7). In
affluent nations, such as the USA and Europe, costs associated
with HF accounts for 1% to 2% of the annual healthcare budget
(8). A systematic analysis of HF cost-of-illness (COI) indicated
that hospitalisation contributed 44-96% to the overall direct cost
of HF (9). A registry-based COI study conducted in a hospital
in East Malaysia found that the mean cost of HF per patient
was about USD 6,017 and inpatient cost contributed to about
90% of the total cost (10). The reported cost from Malaysia
was considerably lower than the cost reported in the USA and
European countries (11).

The rising prevalence of HF in Malaysia (2) is also
expected to have a significant impact on the total healthcare
expenditure. The data on the cost of HF is scarce and are
currently primarily limited to the high-income countries of
Western Europe and North America (12). There is almost
a complete lack of data from the middle to low-income
countries, although they represent over 80% of the world’s
population (7). Lately, newly emerged therapies, for example
sodium-glucose cotransporter-2 inhibitor (SGLT2i) and
angiotensin receptor neprilysin inhibitor (ARNI), have shown
superior cardiovascular protective outcomes in HF patients
compared to conventional treatments (13–15). However,
besides therapy effectiveness, economic effectiveness is also

a critical consideration in decision making for policymakers.
Hence, there is a pressing need for the government and health
organisations to estimate the costs attributable to HF. The
estimates would aid the better planning of care management
in a rapidly growing and ageing population. Therefore, the
objective of this study was to estimate the cost of HF treatment
in Malaysia from the Ministry of Health (MOH)’s perspective.
The estimates were categorised according to different ejection
fraction (EF) classifications, i.e., HF with reduced EF (HFrEF),
HF with mildly reduced EF (HFmrEF) and HF with preserved
EF (HFpEF) and the NYHA classification (NYHA class
I-IV).

Materials and methods

Study design

The study was a non-interventional and retrospective
study. Existing data were used from the medical records of
patients diagnosed with HF from the cardiology departments
of three tertiary hospitals in Malaysia. Data was extracted
from the patients’ medical records from the electronic Hospital
Information System (eHIS) or hard copy medical files. The study
obtained ethical approval from the Medical Research and Ethics
Committee (NMRR-20-2379-56411).

Study sites

Adult patients with HF were identified from the database
maintained by the Cardiology Departments at Serdang Hospital
(SH), Penang General Hospital (PGH) and Hospital Queen
Elizabeth II (HQE2). PGH is the largest tertiary centre
in the Northern region of Malaysia, while HQE2 is the
second largest tertiary centre in the whole of East Peninsular
Malaysia. SH is also one of the famous cardiac centres in
the central region of Malaysia. Furthermore, all the three
tertiary hospitals selected in the study have designated HF
clinics for specialised care management of HF patients not
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available in most of the other hospitals. The hospitals are
among the cardiology centres with the highest number of
HF patients treated in Malaysia. Furthermore, the selected
centres have a complete database of their HF patients,
which allowed specific identification of the treated HF
patients for the study. Other centres did not have an
established and detailed database of their HF patients and
this challenges patient identification for the retrospective
nature of this study.

Study population

The study population comprised of chronic adult HF
patients aged ≥18 years old who received medical treatment
in HF clinics at SH, PGH and HQE2 between 1 January
2016 to 31 December 2018. An index date corresponding
to the date of the first HF-related visit at the hospitals
(either in an outpatient or inpatient setting), between the
study start and end date was recorded for each patient.
Each patient was followed-up for up to 1 year from the
index date (Figure 1). Patients who were referred to the
corresponding HF clinics and diagnosed to have chronic HF
based on clinical judgement by a physician, were included
in the study. However, patients without details of their left
ventricular ejection fraction (LVEF) and NYHA functional
classes, diagnosed with cancer or participated in interventional
clinical trial during the post-index period were excluded from
the study.

All HF patients listed in the hospitals’ database were
included in the current study. The estimated number of eligible
patients were around 300-400 for the defined study period.
The sample size was further confirmed by considering the
precision (width of 95% confidence interval) and coefficient
of variation (0.1) derived from the previous cost of illness
study of HF in Malaysia (10), the minimum sample size
for each groups was 62 patients based on the method
published by Johnston et al. (16). Thus, the total sample
size was 248 with four groups of NYHA classification. The
total sample size was 320 after accounting for possible 30%
of missing data. The current study included a total of
329 HF patients.

Outcomes measured

The primary outcomes of this study were direct medical
cost of HF and resource utilisation during the 12-month
period following the index date. Out-of-pocket costs or self-
paid services were not included in the current study. The
healthcare cost of HF was defined as the cost of inpatient and
outpatient consultation, interventional procedures, diagnostic
tests and medications. The healthcare-related cost of HF and

resource utilisation were calculated as per-patient-per-year
(PPPY) and per-patient-per-event. Additionally, the cost of HF
was categorised based on LVEF: HFrEF (with LVEF ≤ 40%),
HFmrEF (with LVEF 41-49%) and HFpEF (LVEF ≥ 50%).
In addition, costs of HF were segregated based on NYHA
functional classes, underlying comorbidities, aetiologies of
HF (ischaemic vs. non-ischaemic) and HF diagnosis during
admission (primary vs. secondary). HF as the primary diagnosis
was defined as hospitalisation with acute decompensated HF
while HF as the secondary diagnosis was hospitalisation due
to reasons other than acute decompensated HF. A history of
coronary artery disease (CAD) or the presence of radiological
evidence of coronary arteries stenosis indicated ischaemic
aetiology and if otherwise, indicated as non-ischaemic aetiology.

Cost calculation

An annual prevalence-based cost-of-illness approach was
adopted from the perspective of the MOH, Malaysia. A bottom-
up approach was used, whereby data on the quantity of
healthcare resource utilisation were retrospectively extracted
from patients’ medical records. The data included the number
of outpatient visits, inpatient hospital stays due to HF,
procedures and diagnostic performed, and medications utilised
(Supplementary Tables 1–3). The annual cost of HF was the
sum of annual inpatient and outpatient costs. The mean annual
cost of inpatient setting was calculated as the total inpatient cost
divided by total number of patients who had hospitalisation.
Similar method was used to derived the mean annual cost
of outpatient. Inpatient cost consisted of cardiac/general ward
length of stay (LOS), intensive care unit LOS, coronary care unit
LOS, medications, emergency department cost and the number
of diagnostic tests and procedures performed or utilised during
the hospital stay until discharge. The cost for a HF-related
readmission within 30-days of first admission and subsequent
hospitalisations were similarly calculated.

Outpatient cost consisted of total number of outpatient
visits, medications and diagnostic tests performed. Any
subsequent HF clinic visits (and subsequent HF-related resource
usage) after the index date were taken into account to estimate
the annual cost of HF. The cost of each component was
computed by multiplying the unit cost by the quantity utilised
for each component. Resources were converted to a 1-year
cost based on the follow-up period. All measured resources
were valued based on the MOH’s Full Paying Patient Tariff
schedule of fees for a full-paying patient scheme provided by
the Financial Department for the MOH hospitals (17). All
citizens and legal residents of Malaysia have access to universal
healthcare. The healthcare system is not paid by a national
insurance scheme. Reimbursement systems only exist for private
insurance companies which are not being covered by MOH. The
government instead extensively subsidises the cost of care in the
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FIGURE 1

Study design.

public institutions with revenues generated from taxation and
other sources of funding. The full-paying fees paid by the non-
citizen are the cost proxy best representing the unsubsidised
charges for the healthcare services delivered in these non-for-
profit MOH institutions. The charges listed were estimated
based on the available cost information, inputs from the head of
services and private fees survey (18). Thus, bottom-up methods
capturing all the resources utilized and their associated costs
in the MOH hospitals using full-paying tariff are the best
representative of the cost from the MOH’s perspective. The
unit cost of utilised drugs was valued based on the national
price list of medicines provided by the Pharmacy Department’s
Procurement Unit, using the hospital pharmacy’s average
acquisition costs. Additionally, the cost of the percutaneous
coronary intervention (PCI) was obtained from a published
work in estimating the cost of PCI in five cardiac centres in
Malaysia (19). All costs were converted to the 2021 values using
the Malaysian consumer price index for the health domain (20).
All costs were converted at the rate of RM 4.134/1 USD (21).

Statistical analysis

The continuous variables were reported as mean [standard
deviation (SD)] or median [interquartile range (IQR)] based on
the distribution of data. The categorical variables were presented
as numbers and percentages. Additionally, cost estimates
were presented with a mean (SD) and median (IQR) where
appropriate. Inferential statistics, including parametric [t-test,
the analysis of variance (ANOVA)] and non-parametric (Mann-
Whitney U test and Kruskal-Wallis H test) were employed to
compare between groups. A generalised linear model (GLM)
with log link and gamma distribution was used to determine
the cost predictors for the annual cost of HF. The model
was controlled for confounding variables, such as gender, age,
ethnicity, underlying comorbidities, medications, health states
(NYHA functional classes), LVEF and procedures. The cost
ratios were reported for each variable with their respective 95%
confidence interval (CI). Statistical significance was set at the

FIGURE 2

Patient inclusion and exclusion flow chart.

value of p < 0.05. All analysis was conducted using Microsoft
Excel R© (Microsoft, USA) and R (22).

Results

Demographic of study population

A total of 329 patients were included from the three study
sites for the final analysis (Figure 2), with the majority of
the study patients being males (82.1%) (Table 1). The HF
patients were relatively young with a mean age of 54.6 years,
SD 11.7 years. The Malay and Chinese ethnicities made
up about 62% of the total study population. Majority of
the HF patients were diagnosed with HF ≤ 1 year ago
(71.4%). Comorbidities were highly prevalent among the HF
patients with hypertension having the highest prevalence
(68.4%). This was followed by coronary artery disease (56.2%),
dyslipidaemia (47.1%) and type II diabetes mellitus (DM)
(43.5%).

Patients with HFrEF comprised of 80% of the total HF
population in this study, but a significantly majority (p = 0.005)
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of them remained in a good NYHA functional class, i.e., class
I (42.7%) and class II (44.3%). Ischaemic heart failure was the
main aetiology of HF among the patients (61.7%).

TABLE 1 Baseline demographic characteristics of heart
failure patients.

Patient characteristics Patients (n = 329)

Gender, n (%)

Male 270 (82.1)

Female 59 (17.9)

Age (years), median (IQR); mean (SD) 55 (47-63);
54.6 (11.7)

Ethnicity, n (%)

Malay 105 (31.9)

Chinese 98 (29.8)

Indian 50 (15.2)

#Others 76 (23.1)

Duration of Heart Failure Diagnosis, n (%)

≤1 year 235 (71.4)

2–4 years 68 (20.7)

≥5year years 26 (7.9)

Comorbidities, n (%)

Coronary artery disease 185 (56.2)

Hypertension 225 (68.4)

Type II diabetes mellitus 143 (43.5)

Dyslipidaemia 155 (47.1)

Chronic kidney disease 44 (13.4)

Atrial fibrillation 46 (14.0)

Cerebrovascular accident 23 (7.0)

Chronic obstruct pulmonary disease 12 (3.7)

Anaemia 7 (2.1)

Others 102 (31.0)

*eGFR (mL/min/1.73m2), median (quartiles) 38.0 (22.5, 47.1)

Baseline EF, n (%)

HFrEF (≤40%) 263 (80.0)

HFmrEF (41–49%) 34 (10.3)

HFpEF (≥50%) 32 (9.7)

Baseline NYHA Class, n (%)

Class I 154 (46.8)

Class II 128 (38.9)

Class III 32 (9.7)

Class IV 5 (1.5)

Unknown 10 (3.0)

Aetiology of Heart Failure, n (%)

Ischaemic 203 (61.7)

Non-ischaemic 95 (28.9)

Unknown 31 (9.4)

Centres, n (%)

Penang General Hospital 138 (41.9)

Serdang Hospital 77 (23.4)

Hospital Queen Elizabeth II 114 (34.7)

(Continued)

TABLE 1 (Continued)

Patient characteristics Patients (n = 329)

Smoker status, n (%)

Current smoker 62 (18.8)

Ex-smoker 128 (38.9)

Not smoking 93 (28.3)

Unknown 46 (14.0)

EF, ejection fraction; eGFR, estimated glomerular filtration rate; HFmrEF, heart failure
with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection
fraction; HFrEF, heart failure with reduced ejection fraction; IQR, interquartile range;
NYHA, New York Heart Association; SD, standard deviation.
*eGFR only available for patients with chronic kidney disease.
#Other ethnic included: Bajau, Dusun, Kadazan, Melanau, Murut and Iban.

Resource utilisation of healthcare
components

The mean (± SD) total cost of HF PPPY was USD 1,971
(± USD 1,255), while the median total cost of HF PPPY (IQR)
was USD 581 (USD 304 – 989) (Table 2). The mean ± SD
inpatient costs (USD 1,473 ± USD 1,790), contributed to
about three-quarter of the mean total cost of HF PPPY.
Medical procedures accounted for the highest percentage of
cost PPPY (30.5%), followed by diagnostic tests (21.4%) and
hospitalisation (21.4%). The mean cost of HF clinic visits and
outpatient diagnostic tests contributed to about half of the mean
outpatient cost. Another half of the mean of outpatient cost was
contributed by outpatient medications.

A total of 1161 visits to the HF clinics were made throughout
the duration of follow up, with a mean of 3.5 visits PPPY.
A total of 522 bed-days were recorded with 5.2 bed-days PPPY.
Furthermore, patients who visited HF clinics consumed a higher
number of medications of PPPY compared to hospitalised
patients (3,014 vs. 56.5).

Distribution of cost of heart failure
based on left ventricular ejection
fraction

The mean total costs (± SD) of HF PPPY for HFrEF,
HFmrEF and HFpEF, were USD 1,909 (± USD 1,291), USD
2,471 (± USD 991), and USD 2,410 (± USD 1,226), respectively
(Table 3). However, the median total cost of HF PPPY (IQR) for
HFrEF was the highest USD 600 (USD 294 – 1,025), followed by
HFmrEF USD 514 (USD 367– 837) and HFpEF USD 492 (USD
279 – 739) (p = 0.384).

The mean outpatient cost (± SD) for HFrEF was the
lowest (USD 489 ± USD 353), but contributed to the highest
proportion (25.6%) of the mean total cost of HF PPPY,
among the three classes of LVEF. Additionally, the greatest
cost contributor to the outpatient cost in patients with HFrEF
was medication, which accounted for 42.9% of the total mean
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TABLE 2 Health care resource utilisation and cost distribution of heart failure patients.

Setting Cost component Total
utilisation, n

Utilisation PPPY,
mean (SD)

Cost per PPPY, (USD)
mean (SD)

median (quartilesa)

% of cost
PPPYb

Cost PPPY in each setting,
(USD) mean (SD)

median (quartilesa)

% of cost
PPPYb

Outpatient n = 329 Clinic Visits 1,161 3.5 (2.3) 114 (76)
97 (65, 129)

5.8 25.3

Medications
(tablets/capsules/vials/ampoules)

991,517 3,014 (1,383) 209 (273)
103 (65, 202)

10.6 498 (348)
411 (238, 660)

Diagnostic Tests 2,150 6.5 (6.0) 174 (167)
123 (43, 266)

8.8

Inpatient n = 101 Hospitalisations (bed-day) 522 5.2 (4.1) 422 (415)
305 (210, 445)

21.4 1,473 (1,790)
680 (517, 1,320)

74.7

Medications
(tablets/capsules/vials/ampoules)

5,712 56.5 (67.0) 29 (98)
4 (1, 19)

1.4

Diagnostic Tests 1,501 14.9 (13.2) 421 (297)
382 (215, 524)

21.4

Procedures 19 0.2 (0.4) 601(1505)
0 (0, 0)

30.5

Total cost PPPY, (USD)

Mean (SD) 1,971 (1,255) 100

Median (quartilesa) 581 (304, 989)

PPPY, per patient per year; SD, standard deviation; USD, United States dollar.
Procedures included: 16 percutaneous coronary interventions, 2 pacemaker insertion, 1 implantable cardioverter defibrillator.
aFirst quartile and third quartile were used to describe the distribution of the cost because the costs were skewed to the right.
USD 1 = RM 4.134.
bPercentage of cost per patient per year was generated for mean cost only.
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TABLE 3 Cost distribution of heart failure patients categorised based on left ventricular function.

Setting Cost component HFrEF (EF ≤ 40%), n = 263 HFmrEF (EF 41–49%), n = 34 HFpEF (EF ≥ 50%), n = 32

Cost PPPY, (USD)
mean (SD),

median (quartilesa)

% of cost
PPPYb

Cost PPPY, (USD)
mean (SD),

median (quartilesa)

% of cost
PPPY b

Cost PPPY, (USD)
mean (SD),

median (quartilesa)

% of cost
PPPYb

Outpatient, n = 329 Clinic Visits 116 (77) 6.1 110 (49) 4.4 107 (96) 4.4

97 (65, 162) 97 (65, 129) 97 (65, 129)

Medications
(tablets/capsules/vials/ampoules)

210 (280) 11.0 243 (281) 9.8 172 (201) 7.1

102 (63, 182) 129 (77, 304) 100 (60, 185)

Diagnostic Tests 164 (157) 8.6 203 (175) 8.2 233 (223) 9.7

121(43, 231) 174 (49, 301) 228 (32, 413)

Total 489 (353) 25.6 556 (333) 22.5 512 (326) 21.2

395 (233, 644) 460 (353, 708) 445 (258, 634)

Inpatient, n = 101 Hospitalisations (bed-day) 413 (415) 21.7 299 (160) 12.1 657 (519) 27.3

305 (210, 445) 305 (235, 396) 541 (300, 717)

Medications
(tablets/capsules/vials/ampoules)

20 (48) 1.0 13 (20) 0.5 178 (353) 7.4

3 (1, 18) 5 (2, 12) 24(20, 85)

Diagnostic Tests 410 (271) 21.5 437 (121) 17.7 576 (649) 23.9

379 (214, 519) 390 (351, 539) 330 (154, 664)

Procedures 577 (1,527) 30.2 1,166 (1,597) 47.2 486 (1,190) 20.2

0 (0, 0) 0 (0, 2,915) 0 (0, 0)

Total 1,420 (1,795) 74.4 1,916 (1,686) 77.5 1,898 (1,985) 78.8

662 (522, 1,206) 846 (818, 3,544) 983 (474, 2,962)

Total cost PPPY, (USD)

Mean (SD) 1,909 (1,291) 100 2,471 (991) 100 2,410 (1,226) 100

Median (quartilesa) 600 (294, 1,025) 514 (367, 837) 492 (279, 739)

EF, ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; PPPY, per patient per year; USD, United States dollar; SD,
standard deviation.
aFirst quartile and third quartile were used to describe the distribution of the cost because the costs were skewed to the right.
bPercentage of cost per patient per year was generated for mean cost only.
USD 1 = RM 4.134.
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outpatient cost. The mean inpatient cost (± SD) for HFrEF was
the lowest (USD 1,420 ± USD 1,795), followed by HFmrEF
(USD 1,916 ± USD 1,686) and HFpEF (USD 1,898 ± USD
1,985). The largest contributor for mean inpatient cost in
patients with HFrEF and HFmrEF, was the cost of procedures,
which accounted for 40.6% and 60.9%, respectively.

Annual cost of heart failure patients
with underlying conditions

The median total cost of HF was the highest following the
first year of HF diagnosis (USD 664). The median then decreased
to USD 455 during the second to fourth year of diagnosis
but bounced back to USD 464 (p = 0.022) during fifth year
(Table 4). The mean total cost for HF PPPY (±SD) patients
who had CAD as one of the comorbidities, was found to be
the highest (USD 2,438 ± USD 1,456), in comparison to the
other concurrent comorbidities. Additionally, HF patients who
had type II diabetes mellitus (DM) as one of their underlying
comorbidities, also had a significantly higher mean total cost
PPPY than HF patients without type II DM (USD 2,406 vs. USD
1,597, p = 0.023).

The median total cost of HF PPPY increased with severity
of NYHA functional class. NYHA class I had the lowest
cost of USD 476, while the most severe NYHA of class
IV had the highest cost of USD 1,698. Differences in the
cost among the functional classes were statistically significant
(p = 0.006). HF patients who were concurrently treated
with angiotensin receptor-neprilysin inhibitor (ARNi) had the
highest mean ± SD total cost of HF PPPY (USD 2,439 ± USD
1,301). This data was significantly higher than HF patients not
taking ARNi (USD 1,933 ± USD 1,245), p < 0.001. Conversely,
HF patients on angiotensin-converting enzyme inhibitor (ACEi)
were associated with lower mean total cost of HF PPPY,
compared to patients not on ACEi (USD 1,942 vs. USD 2,034,
p = 0.011). A similar trend was observed in HFrEF patients
treated with a combination of renin-angiotensin-aldosterone
system (RAAS) inhibitors, beta-blocker and mineralocorticoid
receptor antagonist (MRA). These patients had a lower mean
total cost of HF PPPY compared to the patients who did not
receive this combination (USD 1,830 vs. USD 2,009, p = 0.530).
The healthcare costs of HF for patients who received treatment
in HQE2 (USD 1,161 ± USD 558) were significantly lower than
patients followed-up in PGH (USD 2,072 ± USD 1,393) and SH
(USD 2,800 ± USD 1,587), p < 0.001.

Demographic and cost of patients who
had hospitalisation events

Only 101 patients (30.7%) had at least one hospitalisation
event(s) throughout the one-year duration of follow up from

the index date (Table 5). There were no significant differences
in the age and proportion of underlying comorbidities
between HF patients who had hospitalisation and without
hospitalisation. However, HF patients who had hospitalisation,
had a significantly higher proportion of HFrEF (89.1% vs. 80.2%,
p = 0.012), NYHA class II (45.5% vs. 38.9%, p < 0.001), NYHA
class III (16.8% vs. 9.7%, p < 0.001) and non-ischaemic HF
(38.6% vs. 28.9%, p = 0.038) in comparison to the overall
study population. In addition, patients with a HF diagnosis of
a duration of ≤ 1 year, were 2.1 times (p = 0.009) more likely to
be hospitalised than those with a greater diagnosis of more than
2 years. Hospitalisation directly due to HF (primary diagnosis)
accounted for 59.4% of all total admission. Hospitalised patients
reported a 5.9% prevalence of 30-days HF related readmission.
In addition, for patients who had previous hospitalisations,
12.9% of them had at least another hospitalisation episode
within one year of follow up.

The mean total cost (± SD) of HF PPPY for patients
who had HF-related hospitalisation was four times higher than
patients without hospitalisation USD 1,997 (± USD 1,826)
vs. USD 486 (± USD 321), (p < 0.001). In addition, the
mean total cost (± SD) of patients with multiple HF-related
hospitalisation per year was significantly higher than those with
single HF-related hospitalisation per year (USD 3,320 vs. USD
1,770, p < 0.001). The mean cost of HF-related hospitalisation
(± SD) for each admission was USD 1,269 (± USD 1,638).
The mean cost of HF-related hospitalisation (± SD) in patients
who experienced coronary care unit (CCU) admission was
significantly higher than those admitted to general cardiac ward
only (USD 2,411 vs. USD 1,070, p = 0.033). Furthermore, the
mean total cost was lower when HF was the primary diagnosis
on admission, compared to when HF was a secondary diagnosis
(USD 904 vs. USD 1,803, p = 0.005).

Determination of cost predictors

Table 6 shows the ten variables that were significant
predictors for the mean total cost of HF PPPY. HF patients
from the indigenous ethnicity (others) had significantly lower
mean total cost of HF PPPY by 31% (95% CI 0.55 – 0.87,
p = 0.001), compared to patients of the Malay ethnicity.
Moreover, HF patients on ACEi as part of their treatment
regimen had a significantly lower mean of total cost of
HF PPPY by 21% (95% CI 0.66 – 0.93, p = 0.006), as
compared to patients who did not receive ACEi. Patients with
hypertension had a significantly lower total mean cost than
those without hypertension (cost ratio: 0.83, 95% CI 0.70–0.98,
p = 0.027).

Conversely, HF patients with comorbidities, such type II
DM and chronic kidney disease (CKD) significantly increased
the mean total cost of HF PPPY by 20% (95% CI 1.02 –
1.41, p = 0.023) and 33% (95% CI 1.07 – 1.66, p = 0.011),
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TABLE 4 Annual cost of heart failure patients with different underlying conditions.

Conditions n = 329 Cost PPPY (USD)
mean (SD)

Cost PPPY (USD)
median (quartilesa)

Duration of HF diagnosis, n (%)

≤1 year 235 (71.4) 1, 938 (1, 320) 664 (350, 1, 038)

2–4 years 68 (20.7) 2, 502 (1, 224) 455 (257, 732)

≥5year years 26 (7.9) 1, 134 (399) 464 (367, 708)

Comorbidities, n (%)

Atrial fibrillation 46 (14.0) 1, 543 (807) 749 (384, 1, 071)

Type II diabetes mellitus 143 (43.5) 2, 406 (1, 444) 644 (385, 1, 107)

Dyslipidaemia 155 (47.1) 2, 238 (1, 466) 640 (359, 983)

Hypertension 225 (68.4) 1, 893 (1, 150) 577(297, 977)

Chronic kidney disease 44 (13.4) 2, 417 (1, 512) 578 (447, 1, 365)

Coronary artery disease 185 (56.2) 2, 438 (1, 456) 568 (373, 1, 022)

Ejection fraction, n (%)

HFrEF (≤40%) 263 (80.0) 1, 909 (1, 291) 600 (294, 1, 025)

HFmrEF (41–49%) 34 (10.3) 2, 471(991) 514 (367, 837)

HFpEF (≥50%) 32 (9.7) 2, 410 (1, 226) 492 (279, 739)

Baseline NYHA Class, n (%)

Class I 154 (46.8) 2, 011 (993) 476 (276, 925)

Class II 128 (38.9) 2, 044 (1, 528) 662 (398, 996)

Class III 32 (9.7) 1, 944 (1, 317) 801 (461, 1, 537)

Class IV 5 (1.5) 1, 762 (870) 1, 698 (591, 1, 790)

Aetiology of HF, n (%)

Ischaemic 203 (61.7) 2, 475(1, 478) 524 (309, 1, 022)

Non-ischaemic 95 (28.9) 1, 440 (798) 714 (354, 1, 009)

Medication, n (%)

ARNi 22 (6.7) 2, 439 (1, 301) 1, 299 (763, 1, 617)

ACEib 224 (68.1) 1, 942 (1, 280) 532 (284, 900)

ARBc 47 (14.3) 2, 102 (1, 251) 748 (395, 1, 212)

Beta-blockerd 312 (94.8) 1, 940 (1, 265) 575 (302, 1, 022)

MRAe 187 (70.8) 1, 724 (1, 211) 607 (304, 1, 030)

Combinationf 157 (59.5) 1, 830 (1, 289) 600 (288, 1, 092)

Centres, n (%)

Penang General Hospital 138 (41.9) 2, 072 (1, 393) 720 (406, 1, 271)

Serdang Hospital 77 (23.4) 2, 800 (1, 587) 599 (411, 1, 164)

Hospital Queen Elizabeth II 114 (34.7) 1, 161 (558) 441 (237, 775)

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin-receptor blockers; ARNi, angiotensin receptor-neprilysin inhibitor; HF, heart failure; HFmrEF, heart failure with
mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; MRA, Mineralocorticoid receptor antagonist;
NYHA, New York Heart Association; PPPY, per patient per year; RAAS, Renin-angiotensin-aldosterone system; SD, standard deviation; USD, United States dollar.
aFirst quartile and third quartile were used to describe the distribution of the cost because the costs were skewed to the right.
bACEi included in the analysis were perindopril, ramipril and enalapril.
cARB included in the analysis were losartan, telmisartan, irbesartan and valsartan.
dBeta-blocker in the analysis were bisoprolol and carvedilol.
eMRA in the analysis were spironolactone and eplerenone in HFrEF patients only.
fCombination therapy of RAAS inhibitors, beta-blocker and mineralocorticoid receptor antagonist in HFrEF patients only.
USD 1 = RM 4.134.

respectively. Patients with AF had significantly higher total
mean cost than those without AF (cost ratio: 1.26, 95% CI
1.01 – 1.58, p = 0.047). Dyslipidaemia also significantly increased
the total mean cost by 20% (95% CI 1.03 – 1.40, p = 0.021).
Furthermore, patients who had HF-related hospitalisation were
significantly associated with 2.78 times (95% CI 2.31 – 3.36,
p < 0.001) higher mean total cost of HF PPPY, compared

to non-hospitalised HF patients. Moreover, HF patients that
underwent medical procedures, such as PCI (cost ratio 2.87,
95% CI 1.98 – 4.26, p < 0.001) and coronary angiogram
(cost ratio 1.33, 95% CI 1.11 – 1.60, p = 0.003) were
found to have significantly higher mean total cost of HF
PPPY. In addition, HF patients that received ARNi treatment
had a mean total cost HF PPPY of 2.27 times (95% CI
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TABLE 5 Sub-analysis in patients who had heart failure
hospitalisation.

Patient characteristics Patients (n = 101)

Gender, n (%)

Male 84 (83.2)

Female 17 (16.8)

Age (years), mean (SD) 53.9 (11.1)

Ethnicity, n (%)

Malay 38 (37.6)

Chinese 29 (28.7)

Indian 17 (16.8)

Others 17 (16.8)

Duration of Heart Failure Diagnosis, n (%)

≤1 year 82 (81.2)

2–4 years 14 (13.9)

≥5 year 5 (4.9)

Comorbidities, n (%)

Coronary artery disease 52 (51.5)

Hypertension 71 (70.3)

Type II diabetes mellitus 47 (46.5)

Dyslipidaemia 48 (47.5)

Chronic kidney disease 15 (14.9)

Atrial fibrillation 16 (15.8)

Cerebrovascular accident 7 (6.9)

Chronic obstructive pulmonary disease 5 (5.0)

Anaemia 3 (3.0)

Others 27 (26.7)

*eGFR (mL/min/1.73m2), median (quartilesa) 38 (21.3, 40)

Baseline EF, n (%)

HFrEF (≤40%) 90 (89.1)

HFmrEF (41–49%) 5 (5.0)

HFpEF (≥50%) 6 (5.9)

Baseline NYHA Class, n (%)

Class I 31 (30.7)

Class II 46 (45.5)

Class III 17 (16.8)

Class IV 3 (3.0)

Unknown 4 (4.0)

Aetiology of Heart Failure, n (%)

Ischaemic 54 (53.5)

Non-ischaemic 39 (38.6)

Unknown 8 (7.9)

HF diagnosis at admission, n (%)

Primary 60 (59.4)

Secondary 41 (40.6)

Duration of hospitalisation (days), mean (SD) 5.2 (4.1)

Prevalence of 30 days HF-related readmission,
n (%)

6 (5.9)

Prevalence of ≥2 HF-related admission per year,
n (%)

13 (12.9)

Total cost of HF PPPY (USD)

Mean (SD) 1,997 (1,826)

Median (Quartilesa) 1,297 (901, 2,267)

(Continued)

TABLE 5 (Continued)

Patient characteristics Patients (n = 101)

Total cost of HF PPPY based on frequency of
hospitalisation per year (USD)

Single HF-related hospitalisation per year

Mean (SD) 1,770 (1,134)

Median (Quartilesa) 544 (290, 950)

≥2 HF-related hospitalisations per year

Mean (SD) 3,320 (1,707)

Median (Quartilesa) 3,913 (1,698, 4,552)

Cost of HF-related hospitalisation per admission (USD)

Mean (SD) 1,269 (1,638)

Median (Quartilesa) 652 (477, 1,178)

Cost of HF-related hospitalisation per
admission based on types of wards

General cardiology ward

Mean (SD) 1,070 (1,460)

Median (Quartilesa) 603 (470, 896)

Coronary care unit

Mean (SD) 2,411 (2,142)

Median (Quartilesa) 1,320 (813, 3,692)

Cost of 30 days HF-related readmission per
admission (USD)

Mean (SD) 485 (149)

Median (Quartilesa) 457 (395, 567)

Cost of HF-related readmission within 1 year (USD)

Mean (SD) 1,196 (1,407)

Median (Quartilesa) 492 (386, 717)

Cost of HF-related hospitalisation per admission based on HF diagnosis on
admission (USD)

Primary

Mean (SD) 904 (1,146)

Median (Quartilesa) 598 (465, 857)

Secondary

Overall

Mean (SD) 1,803 (2,068)

Median (Quartilesa) 755 (574, 2,570)

Acute coronary syndrome

Mean (SD) 1,650 (1,477)

Median (Quartilesa) 777 (572, 2,655)

ICD implantationb

Mean (SD) 11,252 (NA)

Median (Quartilesa) 11,252 (NA)

Atrial fibrillation

Mean (SD) 827 (506)

Median (Quartilesa) 702 (577, 952)

EF, ejection fraction; eGFR, estimated glomerular filtration rate; HF, heart failure;
HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD,
implantable cardioverter-defibrillator; NA, not applicable; NA, not applicable; NYHA,
New York Heart Association; PPPY, per patient per year; USD, United States dollar; SD,
standard deviation.
aFirst quartile and third quartile were used to describe the distribution of the cost because
the costs were skewed to the right.
bSD and interquartile range cannot be generated for ICD implantation because of single
admission was recorded.
*eGFR only available for patients with chronic kidney disease.
USD 1 = RM 4.134.
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1.70 – 3.10, p < 0.001) higher than patients who did not
receive ARNi treatment.

Discussion

Demographic of study population

Heart failure (HF) is a global public health challenge
and also affects Malaysians. The present study is the
first to assess healthcare costs and resource utilisation
among HF patients categorised based on EF and NYHA
classification of three major tertiary hospitals located in
West and East Malaysia. The study’s findings have provided
evidence on the economic burden of HF toward Malaysia’s
healthcare system.

The mean age of the study population was 54.6 years,
which was similar to the population of HF-related studies
previously done in Malaysia (10, 23, 24). However, the cost-
of-illness (COI) analyses done in Asian countries like Korea
(25), Japan (26), and China (27), found that the mean age of
their study population was older than our Malaysian population
(range: 66 – 81 years). Furthermore, the mean age of the
study population of COI done in western countries (range:
71 – 77 years), were also older than the Malaysian HF
studies (28–30). In the present study, the most dominant HF
phenotype was HFrEF. Studies found that HFrEF are more
commonly found among younger patients (31, 32), having
CAD as the aetiology of HF (4, 32) and among men (32).
Observational studies in Malaysia found that 40-60% of HF cases
were caused by CAD (5, 23, 33).In addition, the prevalence
of the traditional risk factors for CAD, such as diabetes,
hypertension, and dyslipidaemia, has increased steadily among
Malaysia’s population since 2011 (34), translated into a higher
risk of developing myocardial infarction at a younger age and
eventually leading to HFrEF (31, 32). These findings shed
some light on the age of HF patients in Malaysia, who were
diagnosed at a much younger age compared to patients from
other Asian and western countries. On the other hand, a high
proportion of HF patients in the study were male patients.
This finding was supported by a COI study done by Shafie
et al., which had 85.9% of male patients (10). Additionally,
the Malaysia Heart Failure Registry (MyHF) consisting of a
total of 2673 patients reported that about two-thirds of the HF
patients were males, and 75% of the patients with HFrEF were
males (24).

In the present study, we found that the prevalence of patients
with HFpEF (9.7%) was lower than in studies from the European
Society of Cardiology (ESC) HF long-term registry (16.0%)
(35), China (43.0%) (36) and Japan (61.9%) (37). Patients
in the present study developed HF at a much younger age
than patients in the studies mentioned above (ESC registry:
68.6 years; China: 71.3 years; Japan: 71.7 years), and HFpEF

patients are more likely to be older (32). In addition, HFpEF was
less likely to have ischaemic aetiology (32), but 61.7% of patients
in the present study had ischaemic aetiology. Furthermore, a
cost study involving two major cardiac centres in Malaysia
also reported a lower prevalence of HFpEF (5.9%), and the
dominant HF aetiology was CAD (52.9%) (38). Differences in
the demographic characteristics and aetiologies between studies
from different nations explained variation in the distribution
of HF phenotypes.

Comparison of total cost of heart
failure per heart failure patient per-year

A systematic review that analysed 35 COI studies reported
that the annual health care cost related to HF per patient was
between USD 1,042 and USD 96,918 (10). Another systematic
review that only included COI studies done in the USA showed
that the mean cost of HF PPPY was USD 30,940, but the cost
increased greatly to USD 53,601 when patients had specific
comorbidities (39). The mean total cost of HF in our study
was USD 1,971, which is lower compared to other countries
(39–45). In East Asian countries, the COI studies related to HF
done in China (USD 4,820) (27) and Japan (USD 12,490) (26)
reported a higher cost than our study, with the exception of one
study done in Korea (3), which reported their annual cost per
patient at USD 977.

A COI study with a relatively small sample size that studied
only stage C HF patients in Malaysia, found that the annual
cost of HF per patient was USD 6,017 (10). The estimated mean
HF cost was higher than the mean cost reported in the present
study because the patients in the former study underwent more
procedures than patients in this study (0.6 vs. 0.2 PPPY) (10). In
addition, the previous study only recruited patients who had at
least one episode of decompensated HF in the past six months
that required hospitalization which cost higher relatively to
the current study. A cost study which estimated the cost of
HF in four Asian countries reported that the cost of HF in
Malaysia was USD 1,820, which is congruent with our finding
(USD 1,971). The estimated inpatient cost of HF generated
from the Malaysian Disease Related Group (DRG) database
was between USD 987 and 1,270, similar to the inpatient cost
reported in this study (i.e., USD 1,473). The lower bound of the
cost estimated from the Malaysian DRG database was from the
primary hospitals where these facilities do not have in-house
cardiologists, therefore complicated and expensive procedures
could not be performed.

The wide variation in the costs reported across different
countries may be mainly attributed to the relative prices of
health care resources utilised to treat HF, treatment protocol,
and most importantly, the methodology used in calculating the
costs. Additionally, the differences could also be explained by
the vast discrepancy in resource allocation by each country
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TABLE 6 Predictors of mean annual cost of heart failure.

Variables Cost ratio 95% Confidence interval P-value

Model 1

Demographics

Female Reference

Male 1.06 0.87 – 1.28 0.571

Age ≥ 65 years 0.87 0.72 – 1.06 0.159

Malay Reference – −

Chinese 0.87 0.72 – 1.06 0.162

Indian 0.81 0.64 – 1.02 0.068

Others 0.69 0.55 – 0.87 0.001*

Duration of heart failure diagnosis

≤1 year Reference

2–4 years 0.97 0.80 – 1.17 0.740

≥5year years 1.00 0.76 – 1.33 0.993

Comorbidities

Hypertension 0.83 0.70 – 0.98 0.027*

Type II diabetes mellitus 1.20 1.02 – 1.41 0.023*

Dyslipidaemia 1.20 1.03 – 1.40 0.021*

Chronic kidney disease 1.33 1.07 – 1.66 0.011*

Atrial fibrillation 1.26 1.01 – 1.58 0.047*

Cerebrovascular accident 0.99 0.74 – 1.35 0.931

Chronic obstructive pulmonary disease 1.22 0.82 – 1.90 0.340

Anaemia 0.96 0.58 – 1.69 0.880

Left ventricular ejection fraction

HFpEF (≥50%) Reference

HFmrEF (41–49%) 0.91 0.65 – 1.27 0.572

HFrEF (≤40%) 0.87 0.67 – 1.11 0.276

NYHA

Class I Reference – −

Class II 1.04 0.88 – 1.24 0.641

Class III 0.92 0.70 – 1.22 0.546

Class IV 1.47 0.84 – 2.83 0.214

HF Hospitalisation 2.78 2.31– 3.36 < 0.001*

Percutaneous coronary intervention 2.87 1.98 – 4.26 < 0.001*

Coronary angiogram 1.33 1.11 – 1.60 0.003*

ARNi 2.27 1.70 – 3.10 < 0.001*

Model 2

ACEi 0.79 0.66 – 0.93 0.006*

ACEi, angiotensin converting enzyme inhibitors; ARNi, Angiotensin receptor-neprilysin inhibitor; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; NYHA, New York Heart Association.
*Indicated significant difference of p-value < 0.05, assessed using multivariate generalised linear model (link = logarithm, distribution = gamma).
–Coronary artery disease was not included in the model as coronary angiogram mediated the mean annual cost of heart failures.
–ARNi was removed in the model 2 due to collinearity with ACEi, which removed the true effect of ACEi on the cost of heart failure. Replacing ARNi with ACEi did not change the model

fit and level of significance of other variables on the cost of heart failure.
–Assumptions of generalised linear model were checked and met.

for their healthcare system in managing HF (7). Although the
differences in the COI of HF were large, the data confirmed
that HF is a massive economic burden on the healthcare system
in each country. In addition, the use of local data to estimate

the local economic burden of HF is crucial for decision making
in the prioritisation of investments. The use of data from
other countries could lead to an inaccurate estimation of the
actual burden of HF.
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Resource utilisation by healthcare
components

This study found that the inpatient cost was USD 1,473,
while the outpatient cost was USD 498, which contributed 74.7%
and 25.3% of the mean total cost of HF PPPY, respectively.
A systematic review by Lesyuk et al. found that inpatient
admission cost accounted for about 44% to 96% of the overall
direct cost of HF (9). Annual inpatient cost was also the main
cost driver of HF in the current study, which was in line with
other studies (19, 29, 40, 46).

A breakdown from the mean total cost of HF in this
study showed that the cost of procedures, such as PCI and
implantation of anti-arrhythmic devices contributed the
most significant proportion (30.5%). This was followed
by the cost of diagnostic tests (30.2%), cost of hospital
stays (21.4%), medications (12.0%) and cost of clinic
visits (5.8%). Revascularisation procedures such as PCI
and insertion of anti-arrhythmic devices are some of the
expensive interventional procedures, which incur higher
inpatient costs (47, 48). Two previous studies reported
that these procedures contributed to about 22 - 40% of
inpatient cost (49, 50), which was congruent to the findings in
the present study.

Analysis of the individual components of HF care cost
revealed that interventional procedures were the main cost
driver of HF. These components showed the same outcome
from another local study (10), as well as a study from another
country (51). On the other hand, the mean hospitalisation
cost in the current study was much lower than another local
COI study (USD 1,473 vs. USD 5,454), although both studies
had similar lengths of hospital stays (10). However, when
comparing the median costs, which is more preferable due to
exclusion of possible outliers, both studies reported comparable
inpatient costs.

Previous studies reported that the cost of laboratory
investigations and diagnostic tests ranged between 13 and
17% (10, 46, 52, 53). The relatively high diagnostic tests
costs reported (30.2%) in our study, could be due to that
majority of the patients (71.4%) were diagnosed with HF
for less than 1 year. The high utilisation of diagnostic tests
is part of the workup protocol for the diagnosis of HF.
Other observational studies also reported that healthcare
cost substantially increased during the first year of HF
diagnosis, compared to the year prior to HF diagnosis (25,
29). Furthermore, the utilisation of diagnostic tests in the
inpatient setting was higher than in the outpatient setting, and
this was also observed in other studies (10, 44). Generally,
hospitalised patients are more ill, and therefore require more
frequent and various types of diagnostic tests for disease
management and monitoring.

Our study found that the cost of medication was 12.0%
of the mean total cost of HF PPPY. Previous report show

that the cost of medication can range from 3 to 18% of the
total healthcare cost of HF (10, 45, 54, 55). The variation in
the cost of medication was partly contributed by the different
treatment strategies adopted by the different institutions for the
management of HF. Moreover, new pharmacological classes of
therapy such as ARNi, was shown to reduce the risk of HF-
related hospitalisation and cardiovascular mortality during trials
(14). The clinical use of this therapy could have inflated the
cost of medications, as these new patented medications are more
expensive than generic medications (56).

Variation in the cost of heart failure in
patients with different underlying
conditions

The complete trajectory of the lifetime cost of HF was
the highest following the year of HF diagnosis. Previous
studies have found that the healthcare cost of HF in newly
diagnosed HF patients was higher than the prevalent group
(25, 57, 58). The cost then decreased to a stable and
relatively lower cost and surged again at the end of a
patient’s life (29). Our study found that the median total
cost of HF followed the trajectory described by Dunlay et al.
(29). Patients from the current study had the highest cost
incurred during the first year following HF diagnosis. The
cost then decreased between 2 and 4 years and increased
again after five years of HF diagnosis. The higher healthcare
cost of HF during the first year of HF diagnosis was
associated to a higher frequency of hospitalisation events
(25). The current analysis of data found that patients who
had been diagnosed with HF ≤ 1 year earlier had twice
statistically significant more the odds of being hospitalised
compared to patients who had been diagnosed with HF for
≥ 2 years, p = 0.034.

The present study also found that HF patients with CAD,
had the highest mean total cost among all patients with
comorbidities. Previous publications had also reported that HF
patients concurrently diagnosed with CAD, were associated with
a higher total healthcare cost of HF than those who did not have
CAD (59, 60). HF patients with CAD incur higher costs because
of receiving PCI and coronary artery bypass grafting (CABG),
which are very expensive.

The present study found that patients with LVEF > 40%
(HFpEF) had a higher total healthcare cost of HF compared
to patients with LVEF ≤ 40% (HFrEF). This is because a
significantly higher proportion of patients with HFpEF (80%,
p = 0.041) are hospitalised with HF as their secondary
diagnosis. A previous study reported that patients with
LVEF ≥ 50% had an increased frequency of comorbidities,
which could lead to extended hospitalisation and thus
increased the total cost of HF (58). However, similarly
with the current study, the differences among groups were
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not statistically significant after taking into consideration
underlying comorbidities (58). Conversely, a Korean study
that used a different definition for the categorisation of
LVEF (≤35% vs.>35%) reported that the total healthcare
cost of HF in patients with LVEF ≤ 35% was 2.5 times
significantly higher than patients with LVEF > 35% (25).
Similarly, another COI study showed that patients with
LVEF ≤ 40% incurred a higher cost of hospitalisation. This
was due to extended hospital stays and higher healthcare
resource utilisation compared to patients with LVEF > 40%
(61). However, the present study found that the mean
duration of hospitalisation in patients with HFpEF was
the longest (6.8 days), compared to HFrEF (5.1 days) and
HFmrEF (3.6 days).

Analysis of cost of patient with heart
failure-related hospitalisation

The mean cost of HF-related hospitalisation per admission
was USD 1,269. A systematic COI study in the USA found
that the cost of hospitalisation due to HF per admission ranged
between USD 7,777 and 32,381 (39). However, the cost per
admission due to HF was lower in the Asian countries, ranging
between USD 2,055 and 13,932 (3, 25, 27, 45).

A COI study that included over 20,000 hospitalisations
to examine the cost of HF-related hospitalisations found that
hospitalisation with HF as a secondary diagnosis was about
USD 5,000 higher than those admitted with HF as the primary
diagnosis (59). According to the study, among patients admitted
with HF as the secondary diagnosis, the cost of hospitalisation
was much higher with ischaemic heart disease as the primary
diagnosis when compared to the primary diagnosis of non-
pulmonary and non-cardiovascular conditions. Similarly, the
present study observed that hospitalisation with HF as the
secondary diagnosis incurred a higher cost at USD 899 than
hospitalisation with HF as the primary diagnosis. About 88%
of hospitalisation with HF as the secondary diagnosis in
the current study was related to acute coronary syndrome.
Compared to HF as the primary diagnosis for admission,
there was a significantly higher proportion of patients admitted
with HF as the secondary diagnosis, who received PCI (26.8%
vs. 8.3%, p = 0.012) and coronary angiogram (68.3% vs.
45.0%, p = 0.021). This group contributed to the relatively
higher cost of HF.

Heart failure (HF) is known to be an ambulatory care
sensitive condition which leads to worsening conditions, and
for which proper medical therapy in the outpatient settings can
prevent disease progression (62). Additionally, low utilisation of
guideline-recommended therapy in HF patients was associated
with worsening HF condition (63). Addressing the factors
that could improve outcomes after HF exacerbation would
eventually decrease the expensive direct medical and healthcare

resource utilisation costs (28). Furthermore, optimal care in the
outpatient setting with timely intervention to prevent disease
progression and complications could reduce hospitalisation
events. This would ultimately help in shifting the cost of
inpatient care to outpatient care, and thus create a cost-saving
opportunity (10).

Cost predictors for heart failure

The present study demonstrated that the mean total
cost of HF PPPY was significantly higher when HF patients
received ARNi as part of their pharmacological treatment. There
was no statistical association between the NYHA functional
classification and the use of ARNi, p = 0.8396. A cost-utility
analysis was done on the treatment of sacubitril-valsartan in
patients with HFrEF in the South East Asia region, separately
by Thailand (64) and Singapore (65). It was found that the
medication was not cost-effective based on their current cost-
effectiveness threshold (CET). Although the therapeutic effects
of sacubitril-valsartan were remarkable compared to enalapril in
the trial (14), its low utilisation in real-world clinical practice was
due to its high cost (64). Conversely, the budget impact analysis
of introducing sacubitril-valsartan in the treatment strategy in
France reported a potential budget-saving approach, due to
avoidance of HF-related hospitalisation (66).

Patients who received ACEi as part of their HF treatment
had significantly lower costs compared to patients who did
not consume ACEi. A similar finding was also observed in
one COI study in Korea (25). The potential cost saving of
ACEi in HF patients of the current study was due to the
off-patent nature of the ACEi used. Additionally, patients
concurrently receiving a combination of ACEi, beta-blocker,
and MRA had lower healthcare costs of HF. This is supported
by the data that combination therapy with ACEi/ARB and
beta-blockers resulted in a greater reduction in hazard of all-
cause hospitalisation or mortality than monotherapy with either
ACEi/ARB or beta-blocker (67). Besides, patients from the
indigenous ethnicity (others) had a lower healthcare cost of
HF than other ethnicities because they live in the interior and
remote areas of East Malaysia and have low accessibility to
medical treatment (68). They will need to travel quite a distance
to the tertiary centre to seek medical treatment. In addition,
the low accessibility to medical treatment in this population
explained that the 30-day HF readmission rate was the lowest
among all ethnicities in a study conducted in Malaysia (69).
Furthermore, HF patients from the indigenous ethnicity had
fewer PCI done (0 vs. 43.8%, p = 0.001) and received lesser
ARNi treatment (0 vs. 45.5%, p = 0.02), than Malay patients.
Moreover, the utilisation of traditional medicine was prevalent
among this population (70). These explanations justified the
lower healthcare cost of HF incurred by patients followed up
in HQE2 because two-thirds of patients from HQE2 were
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of indigenous ethnicity. The costs of medication, diagnostic
tests, and procedures in HQE2 were lower than in PGH
and SH (Supplementary Table 4). The heterogeneity in the
management of HF could explain the difference in the cost of HF
across different centres in Malaysia. Patients with comorbidities
such as DM (25, 29, 71, 72) and chronic kidney disease (CKD)
(73) were associated with a higher cost of HF. HF patients
with DM often had worse clinical outcomes compared to those
without DM. Observational studies had consistently shown
that the risk of hospitalisation was higher with patients who
had DM (74–78). The present study reported that HF patients
with DM had significantly more diagnostic tests performed
(25.3 vs. 17.6, p = 0.012) and consumed more medications
(3672 vs. 2868, p = 0.003), as compared to HF patients
without DM. In addition, the duration of hospitalisation in HF
patients with DM was longer compared to HF without DM
(5.8 days vs. 4.5 days, p = 0.117). Prolonged and more frequent
hospitalisation in this group of patients would translate into
increased HF’s total healthcare cost (71). Furthermore, previous
studies reported that the higher cost of HF in patients with
CKD was attributed to the cost of renal replacement therapy
(29). However, the present study also found that HF with
underlying CKD had significantly longer duration of hospital
stay compared to HF without CKD (8.7 days vs. 4.5 days,
p = 0.039). Patients with AF were statistically associated with a
higher cost of HF than those without AF because of utilisation
of expensive direct oral anticoagulants for thromboembolic
event prophylaxis. Conversely, patients with hypertension were
associated with a lower cost of HF. Previous cost analysis studies
also found the same observation (73, 79). In the present study,
the mean procedure cost in patients with hypertension was
lower than those without hypertension (USD 497 vs. USD 846,
p = 0.290).

The total healthcare cost of HF increased when NYHA
functional class advanced from class I to class IV, with
NYHA class IV being the highest cost (9, 42, 43). Similarly
in the current study, the median total cost of HF PPPY
increased when NYHA advanced from class I to class IV. The
substantial increase in the cost of HF was explained by the
increased consumption and utilisation of healthcare resources
with advanced classes (45). On the contrary, a Polish COI
study in HF patients reported that NYHA class I patients
had higher healthcare costs than more advanced classes (43).
The higher cost of HF in NYHA class I was found to be
contributed by expensive intervention procedures aimed at
inhibiting disease progression at its early stage (43). Another
study which compared the healthcare cost of incident HF
against prevalent HF, found that advancing in the NYHA
functional classes was not associated with an increase in the
cost of HF in the incident group (58). In the current study,
although NYHA classes III and IV were associated with a higher
cost than less severe classes, the difference is not statistically
significant in the multivariate generalised linear model. Patients

with advanced NYHA functional class III and IV were not
significantly associated with a higher mean cost of HF in the
present study could be due to 81.3% of PCI and 81.2% coronary
angiogram were performed in patients with NYHA class I and
II. The high diagnostic and procedures costs incurred in NYHA
classes I and II decreased the cost difference between NYHA
classes III and IV.

Strength and limitations

The strength of this study was that the healthcare cost
of HF treatment was estimated using the real-world data and
standard COI methodology from patients of three tertiary
centres. The results will potentially provide decision-makers
and stakeholders with some insights into the economic burden
of HF in Malaysia. However, the results in our study need
to be interpreted with several limitations. Firstly, this study
had inherent limitations associated with retrospective data
collection from patients’ medical records. The association
of cost and cost predictors were subjected to inaccuracy
because not all potential confounding factors were recorded
to be included in the analysis. However, data collectors
were trained to find deliberately all HF-relevant details from
patients’ medical record to increase the accuracy of estimation.
Furthermore, expert clinical input was used to identify relevant
data for collection.

Secondly, the majority of patients in the current study
had been diagnosed with HF for < 1 year (71%). However,
usually, the treatment across different pharmacological classes
of HF medications is initiated earlier than one year. Thus, the
economic burden estimation using these costs may represent
an accurate assessment for newly diagnosed patients. Thirdly,
this study only captured the healthcare resources that had
been utilised in the hospital settings. The costs incurred when
patients seek medical treatment at general practitioners or
private hospitals and indirect medical costs were not included
in the analysis. Hence, the exact economic burden of HF in
Malaysia could be underestimated.

Conclusion

This study estimated the direct cost of HF in tertiary
public hospitals in Malaysia. The healthcare cost of HF is
driven by inpatient cost, particularly by the cost of procedures
and diagnostic tests. Underlying comorbidities further intensify
the cost of managing HF. The study’s findings provide vital
information on health resource utilisation and expenditure of
HF treatment in Malaysia. This will assist decision-makers
in prioritising healthcare policy, implementing interventions,
and allocating health resources efficiently to improve the
management of HF in Malaysia.
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