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ABSTRACT 
Introduction: Outcomes after SARS-CoV‑2 Omicron 
infection in patients with heart failure (HF) and ischaemic 
heart disease (IHD) remain poorly defined.
Method: In a highly vaccinated cohort of adult  
Singapore citizens and permanent residents, we used  
Cox proportional hazards models (adjusted for 
sociodemographic variables and comorbidities) to 
compare the risks of Omicron infection, COVID‑19–
related hospitalisation, and severe COVID‑19 between 
indivi-duals with HF or IHD and matched controls without  
these conditions.
Results: From national databases, we identified 15,426  
HF patients matched 1:~3 to 41,221 controls, and  
110,442 IHD patients matched 1:~2 to 223,843 controls. 
Over 80% of HF and IHD patients had received at least 
3 vaccine doses. During the Omicron-predominant 
period, both HF and IHD cohorts demonstrated higher 
adjusted risks of COVID‑19 hospitalisation compared  
with matched controls (HF: adjusted hazard ratio [aHR] 
1.77, 95% confidence interval [CI] 1.65–1.90; IHD: aHR 
1.21, 95% CI 1.17–1.26). Among those with at least 1 HF- 
or IHD-related admission in the prior year, hospitalisation 
risk was further elevated (HF: aHR 1.27, 95% CI 1.13–1.42; 
IHD: aHR 1.11, 95% CI 1.01–1.23). Receipt of ≥3 vaccine 
doses was associated with substantially lower risk of 
severe COVID‑19 versus only 2 doses (HF: aHR 0.35, 95%  
CI 0.28–0.43; IHD: aHR 0.27, 95%  CI 0.23–0.32). A  
fourth dose conferred additional reductions in infection 
and adverse outcomes, though CIs for infection  
overlapped with those for 3 doses.
Conclusion: During Omicron predominance, HF and 
IHD patients experienced greater risk of COVID-19 

hospitalisation and severe COVID‑19 versus matched 
controls. Booster vaccinations attenuated these risks. 
Individuals with recent HF/IHD admissions should be 
prioritised for receipt of booster vaccine doses.

Keywords: boosters, cardiology, COVID-19, heart failure, 
infectious diseases, Omicron, SARS-CoV-2, vaccination

CLINICAL IMPACT

What is New
•	 This is the first population-based, matched case-

control analysis in Singapore to examine how 
vaccination status influences COVID-19 outcomes 
in patients with heart failure (HF) or ischaemic heart 
disease (IHD) during the Omicron wave.

•	 Patients with HF or IHD faced higher rates of COVID-
19-related hospitalisation and severe COVID-19 
versus matched controls, but booster doses 
significantly mitigated these risks.

Clinical Implications
•	 Even in the Omicron-dominant and endemic phase 

of COVID-19, booster vaccination continues to 
provide meaningful protection for individuals with HF 
or IHD, underscoring the need to prioritise regular 
receipt of booster doses in this high-risk group.
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INTRODUCTION
Respiratory viral infections are a relatively common 
cause of heart failure (HF) exacerbations, with higher 
risk of adverse outcomes observed in HF episodes 
precipitated by infection.1 Multiple reports from the 
initial phase of the COVID-19 pandemic reported  
higher mortality and in-hospital complications 
associated with a history of HF and ischaemic heart 
disease (IHD) among hospitalised patients with 
concurrent SARS-CoV-2 infection.2,3,4 In a multicentre 
cohort study of critically ill adult patients hospitalised  
for COVID-19, one-fourth had pre-existing cardio-
vascular conditions.5 This association is not just 
observed in hospitalised cohorts; in a population-
based study involving >6 million English adults, marked 
gradients were still seen in the incidence of adverse 
COVID-19 outcomes by cardiovascular risk profile.6 
Increased risk of adverse COVID-19 outcomes has 
been documented in HF regardless of left ventricular 
ejection fraction; in a cohort of HF patients with mildly 
reduced or preserved ejection fraction recruited into  
a large clinical trial spanning the pandemic period, 
~10% of cases contracted SARS-CoV-2 infection 
on follow-up, with >50% of infections leading to 
hospitalisation or death.7 

However, a significant limitation is that most studies 
on COVID-19 outcomes among HF/IHD patients  
were based on data from the early pre-Delta stages  
of the pandemic.1-7 In a multicentre US registry of  
adults hospitalised with cardiovascular complications 
and concurrent SARS-CoV-2 infection, rates of  
in-hospital mortality progressively declined during 
the transition from pre-Delta to Delta-predominant 
transmission.8 Newer SARS-CoV-2 variants, such 
as Omicron, are associated with milder symptoms  
and higher proportions of non-severe disease;9 
individuals hospitalised during the Omicron- 
predominant period were less likely to experience  
severe respiratory disease compared to those  
hospitalised during circulation of earlier SARS-CoV-2 
variants.10 Data on COVID-19 outcomes among 
individuals with HF/IHD who were infected with SARS-
CoV-2 during Omicron-predominant transmission  
remains lacking. Additionally, most studies pre-dated 
the rollout of vaccination or did not systematically  
record vaccination status.1-6,8 A single population-
based cohort of adults with HF who were infected 
with SARS-CoV-2 during Omicron-predominant 
transmission reported significant reduction in risk 
of severe COVID-19 following receipt of a single 
booster dose, though restriction to only polymerase 
chain reaction (PCR)-confirmed SARS-CoV-2 infections 
meant that a substantial proportion of mild infections 
may have been missed, thus limiting generalisability.11  

Additional studies are required in order to guide 
recommendations for vaccination and boosting in 

patients with HF/IHD during COVID-19 endemicity.  
We contrasted outcomes of SARS-CoV-2 infection in  
a highly-vaccinated cohort of adults in Singapore  
with HF/IHD versus matched population controls,  
during waves of transmission driven by successive 
Omicron subvariants, including Omicron XBB.

METHOD

Study population, period and design
Population-wide national records of all confirmed 
SARS-CoV-2 infections, hospitalisations and vaccines 
administered in Singapore, a multi-ethnic Southeast 
Asian city state, were linked with national healthcare 
claims records for the study period of 1 January 2022 
to 20 December 2023, corresponding to the wave of 
infections predominated by the SARS-CoV-2 Omicron 
variant. Omicron emerged in late 2021 to displace 
Delta as the predominant strain, and subsequently 
predominated community transmission by January 
2022, with ≥90% of sequenced cases on national 
surveillance.12 The Omicron XBB subvariant first 
emerged in Singapore at the end of 2022,13 replacing 
earlier Omicron subvariants in circulation; as such, 
18 September 2022 was used as the cut-off date to  
further separate the Omicron period into XBB and  
pre-XBB (Omicron BA.1/2/3/4) transmission.

A retrospective case-control study design was  
utilised to match controls from the general population 
to every patient with HF/IHD in the study population 
(matched by age strata; sex; ethnicity; socioeconomic 
status [SES] based on housing type; cardiovascular  
risk factors including diabetes, hypertension, 
dyslipidaemia; and COVID-19 vaccination timing 
[respective months in which an individual was fully 
vaccinated, boosted and received a second booster 
dose]), during the Omicron wave in Singapore  
(Fig. 1). Data collected was capped at 20 December  
2023. The study population included all adult  
Singapore citizens and permanent residents aged  
≥18 years. Three controls from the general population 
were included for every patient with HF/IHD in each 
period for comparison, using exact matching with 
replacement. History of HF/IHD and other comorbi- 
dities such as cardiovascular risk factors, were defined 
based on International Classification of Diseases,  
Tenth Revision codes recorded in the national  
healthcare claims database. The national healthcare 
claims database encompasses all public and private 
healthcare providers in inpatient and outpatient 
settings; participation in the national government-
administered medical-savings scheme (i.e. Medisave) 
is compulsory for all Singaporeans.14 Under the  
Chronic Disease Management Scheme, Medisave can 
be used to claim expenses for inpatient and outpatient 
treatment of various chronic diseases, including HF/
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IHD, hypertension, diabetes and dyslipidaemia;14 
this enabled comprehensive capture of diagnoses 
across different healthcare settings. Individuals with 
missing sociodemographic data, who demised or were  
infected prior to study start date, developed HF/IHD 
during the study period, or had no matching controls 
were excluded from the final study population (Fig. 1). 
Individuals vaccinated with non-messenger ribonucleic 
acid (mRNA) vaccines were also excluded as they  
formed a very small minority (<5%).

COVID-19 outcomes
SARS-CoV-2 infection, COVID-19-related hospita-
lisation and severe COVID-19 disease were defined 
using the national COVID-19 registry. SARS-CoV-2 
infection was defined as either a positive PCR test or 
rapid antigen test (RAT) result recorded in the national 
testing registry., During the study period, SARS-CoV-2 
testing was widely available across all healthcare 
providers, including both public and private hospitals, 
public primary care clinics (polyclinics) and Public  
Health Preparedness Clinics, which formed a  
nationwide network of more than 1000 private general-
practitioner clinics activated during pandemics to  
provide subsidised testing.15 By law, MOH was  
notified of all test-positive cases up to 1 March 
2024, beyond the end of the study period.16 COVID- 
19-related hospitalisation was defined as all-cause 
hospitalisations occurring within 30 days from a positive 

Fig. 1. Cohort construction flowchart.

a Matched by age, sex, ethnicity, socioeconomic status, cardiovascular risk factors and vaccination status.

COVID-19 result. Severe COVID-19 disease was 
defined as those requiring oxygen supplementation or 
intensive care unit admission, or that resulting in death. 
Singapore’s Ministry of Health (MOH) was notified of 
all COVID-19 hospitalisations and severe COVID-19 
infections.15,16

Covariates
The following covariates were extracted from national 
databases: demographics (age, sex, ethnicity), 
vaccination status, comorbidities and SES. SES was 
classified by housing type based on postal code. 
Most Singaporeans (≥90%) live in subsidised public 
housing; smaller-sized flats attract higher subsidy, 
with purchase eligibility linked to household income.17 
SES has been shown to affect COVID-19 vaccination 
uptake and oral antiviral utilisation in the Singapore 
context,17,18 which can potentially affect risk of adverse 
COVID-19 outcomes. Vaccination status was defined 
by the number of mRNA vaccination doses recorded 
in the National Immunisation Registry, at the point 
of SARS-CoV-2 infection. In Singapore, BNT162b2 
(Pfizer-BioNTech) and mRNA-1273 (Moderna) were  
first approved for use in the national vaccination 
programme as a 2-dose primary series; ≥90% of 
the population received mRNA vaccines.19 Booster 
vaccinations (third and fourth vaccine doses) were 
concurrently rolled out in September 2021 during 
emergence of the Delta wave.19 From December 2022 

Singapore adults with record of heart failure, between 2015–2021 
(national healthcare claims database)

20,755 individuals with 
heart failure

1341 died/infected prior 
to study start date

782 missing 
sociodemographic data

1098 developed heart 
failure during study

712 received non-
mRNA vaccines

1396 dropped as no 
matching controls

15,426 Singapore adults with 
heart failure in final study 

population, matcheda to 41,221
controls without heart failure

Singapore adults with record of ischaemic heart disease, 
between 2015–2021 (national healthcare claims database)

131,227 individuals with 
ischaemic heart disease

3125 died/infected prior 
to study start date

1501 missing 
sociodemographic data

3127 developed heart 
failure during study

5521 received non-
mRNA vaccines

7511 dropped as no 
matching controls

110,442 Singaporean adults with ischaemic 
heart disease in final study population, 
matcheda to 223,843 controls without 

ischaemic heart disease
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onwards, bivalent vaccine formulations fully replaced 
their monovalent predecessors;20 updated monovalent 
XBB1.5 vaccines in turn replaced bivalent boosters in 
October 2023.20 

Statistical analysis
Differences in proportions were compared using 
chi-square test. Cox regressions were conducted to 
compare risks of SARS-CoV-2 infection, COVID-19-
related hospitalisations, and severe COVID-19 disease 
between HF/IHD patients and population-based 
controls without a diagnosis of HF/IHD, adjusting for 
demographics, SES and comorbidities as covariates. 
Estimates of risk were grouped by number of vaccine 
doses received (zero/single-dose, 2-dose, 3-dose and 
≥4-dose groups). Hospitalisation for HF/IHD in the 
preceding year was taken as an indicator of disease 
severity in supplementary analyses. As an additional 
analysis, risk estimates for COVID-19 outcomes in 
individuals with HF/IHD infected during Omicron  
were stratified into XBB-predominant transmission 
and pre-XBB periods. Data were analysed using 
Python version 3.11.5 (Python Software Foundation, 
Wilmington, DE, US) and R statistical software  
version 4.3.1 (R Core Team 2023, R Foundation for 
Statistical Computing, Vienna, Austria). Python was 
used for data preprocessing, while R was used for 
statistical analysis; P<0.05 was considered statistically 
significant.

This study was performed as part of national public 
health research under Singapore’s Infectious Diseases  
Act. Separate individual informed consent and ethics 
review by an institutional review board was not  
required by law.

RESULTS
Overall, after applying inclusion and exclusion 
criteria, 15,426 HF patients were matched to 41,221 
controls without HF, and 110,442 IHD patients were 
matched to 223,843 controls without IHD (Fig. 1). 
Sociodemographic characteristics of IHD/HF cases  
and controls, stratified by vaccination doses received, 
are reported in Tables 1 and 2. Around one-third of  
IHD/HF cases were female (IHD: 28.2%, 31,124/ 
110,442; HF: 41.3%, 6364/15,426). The majority 
were aged ≥60 years (IHD: 75.9%, 83,824/110,442; 
HF: 81.7%, 12,603/15,426). Booster uptake (≥3 
vaccine doses) was high in both IHD/HF cases aged 
≥60 years (IHD: 92.9%, 77,904/83,824; HF: 83.8%, 
10,567/12,603), as well as in those aged <60 years  
(IHD: 95.0%, 25,279/26,618; HF: 87.9%, 2482/2823). 
Rates of vaccination throughout the Omicron wave 
among HF/IHD patients, compared against vaccina-
tion rates in controls and in the whole population,  
are reflected in Supplementary Table S1. At the onset 

of Omicron, the majority (IHD: 74.4%; HF:59.1%)  
had already received a booster dose; this rose to  
94.8% of IHD patients and 88.1% of HF patients by  
the end of the study period (Supplementary Table S1).

The adjusted hazard ratio (aHR) for risk of  
SARS-CoV-2 infection, COVID-19-related hospita-
lisations and severe COVID-19 disease in HF/IHD 
patients grouped by number of vaccine doses received 
(zero/single-dose, 2-dose, 3-dose and ≥4-dose  
groups) are shown in Table 3, with unadjusted incidence 
rates reported in Supplementary Table S2. During 
Omicron, significantly decreased risk of SARS-CoV-2 
infection, but not COVID-19 hospitalisation or severe 
COVID-19, was noted in unvaccinated or partially-
vaccinated patients compared with fully-vaccinated 
individuals, across both HF/IHD cases and healthy 
controls (Table 3). Risk of SARS-CoV-2 infection,  
COVID-19-related hospital isation and severe  
COVID-19 disease was significantly lower in boosted 
HF/IHD patients (≥3 doses), compared against  
HF/IHD patients who had only completed a 2-dose 
primary vaccination series. Hazard ratios (HRs) of  
SARS-CoV-2 infection, hospitalisation and severe  
disease were lower in the ≥4-dose group compared  
with the 3-dose group, though the confidence  
intervals (CIs) for infection overlapped (Table 3).

Compared with matched controls, higher risks of  
SARS-CoV-2 infect ion (HF:  aHR 1.05 [95%  
CI 1.01–1.08]; IHD: aHR 1.10 [95% CI 1.09–1.12]) 
and COVID-19-related hospitalisation (HF: aHR 1.77  
[95% CI 1.65–1.90]; IHD: aHR 1.21 [95% CI 1.17–1.26]) 
were observed among HF/IHD patients infected  
during Omicron (Table 4). Risk of COVID-19  
hospitalisation remained elevated during both XBB-
predominant transmission and prior circulation of  
other Omicron subvariants (BA.1/2/4/5). During the 
period of Omicron predominance, those with at  
least 1 HF/IHD-related admission in the preceding  
year had higher risk of COVID-19-related hospita- 
l isation (IHD: aHR 1.11 [95% CI 1.01–1.23];  
HF: aHR 1.27 [95% CI 1.13–1.42]) (Supplementary  
Table S3).

DISCUSSION
In a highly vaccinated/boosted population-based 
cohort of HF/IHD cases, elevated risk of COVID-
19-related hospitalisation relative to matched 
population controls was still observed during  
Omicron-predominant transmission, persisting even 
into the XBB-predominant period. While risk of 
infection in the unvaccinated may have diminished 
during Omicron-predominant transmission due to the 
introduction of vaccine-differentiated social distancing 
measures, with greater restrictions placed on 
unvaccinated individuals,17,21 vaccination and boosting 



Boosting and COVID-19 outcomes in cardiac patients—Liang En Wee et al.

274Ann Acad Med Singap Vol 54 No 5 May 2025 | annals.edu.sg

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 h

ea
rt

 fa
ilu

re
 c

as
es

 (n
=

15
,4

26
) a

nd
 c

on
tr

ol
 p

op
ul

at
io

ns
 w

ith
ou

t h
ea

rt
 fa

ilu
re

 (n
=

41
,2

21
), 

st
ra

tifi
ed

 b
y 

to
ta

l n
um

be
r o

f v
ac

ci
ne

 d
os

es
.

0/
1 

do
se

(U
nv

ac
ci

na
te

d/
pa

rt
ia

lly
 

va
cc

in
at

ed
)

2 
do

se
s

(F
ul

ly
 v

ac
ci

na
te

d,
 n

ot
  

bo
os

te
d)

3 
do

se
s

(B
oo

st
ed

)
≥4

 d
os

es
(D

ou
bl

e-
bo

os
te

d)

H
ea

rt
 fa

ilu
re

a
Co

nt
ro

l
H

ea
rt

 fa
ilu

re
a

Co
nt

ro
l

H
ea

rt
 fa

ilu
re

a
Co

nt
ro

l
H

ea
rt

 fa
ilu

re
 a

Co
nt

ro
l

Se
x,

 n
o.

 (%
)

Fe
m

al
e

44
2 

(4
3.

8)
11

53
 (4

4.
7)

61
3 

(4
4.

8)
14

55
 (4

6.
1)

30
64

 (4
1.

3)
83

13
 (4

1.
3)

22
45

 (3
9.

9)
61

24
 (3

9.
9)

M
al

e
56

6 
(5

6.
2)

14
26

 (5
5.

3)
75

6 
(5

5.
2)

16
98

 (5
3.

9)
43

54
 (5

8.
7)

11
,8

39
 (5

8.
7)

33
86

 (6
0.

1)
92

13
 (6

0.
1)

A
ge

, n
o.

 (%
)

18
–2

9 
ye

ar
s

3 
(0

.3
)

9 
(0

.3
)

3 
(0

.2
)

9 
(0

.3
)

27
 (0

.4
)

79
 (0

.4
)

5 
(0

.1
)

13
 (0

.1
)

30
–3

9 
ye

ar
s

7 
(0

.7
)

18
 (0

.7
)

15
 (1

.1
)

39
 (1

.2
)

12
7 

(1
.7

)
35

3 
(1

.8
)

44
 (0

.8
)

11
8 

(0
.8

)

40
–4

9 
ye

ar
s

31
 (3

.1
)

82
 (3

.2
)

31
 (2

.3
)

62
 (2

.0
)

43
1 

(5
.8

)
12

02
 (6

.0
)

17
1 

(3
.0

)
44

7 
(2

.9
)

50
–5

9 
ye

ar
s

10
6 

(1
0.

5)
26

6 
(1

0.
3)

14
5 

(1
0.

6)
31

3 
(9

.9
)

10
80

 (1
4.

6)
29

69
 (1

4.
7)

59
7 

(1
0.

6)
16

15
 (1

0.
5)

60
–6

9 
ye

ar
s

20
3 

(2
0.

1)
53

6 
(2

0.
8)

32
2 

(2
3.

5)
74

3 
(2

3.
6)

20
95

 (2
8.

2)
57

58
 (2

8.
6)

15
27

 (2
7.

1)
42

30
 (2

7.
6)

70
–7

9 
ye

ar
s

22
4 

(2
2.

2)
58

5 
(2

2.
7)

39
2 

(2
8.

6)
89

9 
(2

8.
5)

19
57

 (2
6.

4)
53

48
 (2

6.
5)

15
45

 (2
7.

4)
42

56
 (2

7.
7)

≥
80

 y
ea

rs
43

4 
(4

3.
1)

10
83

 (4
2.

0)
46

1 
(3

3.
7)

10
88

 (3
4.

5)
17

01
 (2

2.
9)

44
43

 (2
2.

0)
17

42
 (3

0.
9)

46
58

 (3
0.

4)

Et
hn

ic
ity

, n
o.

 (%
)

C
hi

ne
se

63
5 

(6
3.

0)
17

12
 (6

6.
4)

84
3 

(6
1.

6)
20

82
 (6

6.
0)

48
41

 (6
5.

3)
13

,4
59

 (6
6.

8)
42

44
 (7

5.
4)

11
,8

81
 (7

7.
5)

In
di

an
16

6 
(1

6.
5)

39
7 

(1
5.

4)
22

3 
(1

6.
3)

45
3 

(1
4.

4)
92

7 
(1

2.
5)

23
76

 (1
1.

8)
42

8 
(7

.6
)

10
26

 (6
.7

)

M
al

ay
19

1 
(1

8.
9)

43
8 

(1
7.

0)
29

6 
(2

1.
6)

60
6 

(1
9.

2)
15

90
 (2

1.
4)

41
77

 (2
0.

7)
90

4 
(1

6.
1)

22
95

 (1
5.

0)

O
th

er
s

16
 (1

.6
)

32
 (1

.2
)

7 
(0

.5
)

12
 (0

.4
)

60
 (0

.8
)

14
0 

(0
.7

)
55

 (1
.0

)
13

5 
(0

.9
)

So
ci

oe
co

no
m

ic
 s

ta
tu

s 
by

 h
ou

si
ng

 ty
pe

), 
no

. (
%

)b

Pu
bl

ic
, 1

–2
 ro

om
s

16
5 

(1
6.

4)
40

6 
(1

5.
7)

23
1 

(1
6.

9)
49

2 
(1

5.
6)

94
5 

(1
2.

7)
24

34
 (1

2.
1)

63
4 

(1
1.

3)
16

09
 (1

0.
5)

Pu
bl

ic
, 3

 ro
om

s
26

6 
(2

6.
4)

65
2 

(2
5.

3)
33

7 
(2

4.
6)

79
9 

(2
5.

3)
18

23
 (2

4.
6)

49
23

 (2
4.

4)
12

60
 (2

2.
4)

34
62

 (2
2.

6)

Pu
bl

ic
, 4

 ro
om

s
25

5 
(2

5.
3)

67
5 

(2
6.

2)
44

3 
(3

2.
4)

10
16

 (3
2.

2)
25

36
 (3

4.
2)

69
72

 (3
4.

6)
18

76
 (3

3.
3)

51
69

 (3
3.

7)

Pu
bl

ic
, 5

 ro
om

s
22

9 
(2

2.
7)

60
3 

(2
3.

4)
27

4 
(2

0.
0)

64
4 

(2
0.

4)
17

70
 (2

3.
9)

49
06

 (2
4.

3)
14

90
 (2

6.
5)

41
51

 (2
7.

1)

O
th

er
s

13
 (1

.3
)

32
 (1

.2
)

9 
(0

.7
)

20
 (0

.6
)

19
 (0

.3
)

44
 (0

.2
)

87
 (1

.5
)

18
1 

(1
.2

)

Pr
iv

at
e 

ho
us

in
g

80
 (7

.9
)

21
1 

(8
.2

)
75

 (5
.5

)
18

2 
(5

.8
)

32
5 

(4
.4

)
87

3 
(4

.3
)

28
4 

(5
.0

)
76

5 
(5

.0
)



Boosting and COVID-19 outcomes in cardiac patients—Liang En Wee et al.

275Ann Acad Med Singap Vol 54 No 5 May 2025 | annals.edu.sg

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 h

ea
rt

 fa
ilu

re
 c

as
es

 (n
=

15
,4

26
) a

nd
 c

on
tr

ol
 p

op
ul

at
io

ns
 w

ith
ou

t h
ea

rt
 fa

ilu
re

 (n
=

41
,2

21
), 

st
ra

tifi
ed

 b
y 

to
ta

l n
um

be
r o

f v
ac

ci
ne

 d
os

es
. (

C
on

t’d
)

0/
1 

do
se

(U
nv

ac
ci

na
te

d/
pa

rt
ia

lly
 

va
cc

in
at

ed
)

2 
do

se
s

(F
ul

ly
 v

ac
ci

na
te

d,
 n

ot
  

bo
os

te
d)

3 
do

se
s

(B
oo

st
ed

)
≥4

 d
os

es
(D

ou
bl

e-
bo

os
te

d)

H
ea

rt
 fa

ilu
re

a
Co

nt
ro

l
H

ea
rt

 fa
ilu

re
a

Co
nt

ro
l

H
ea

rt
 fa

ilu
re

a
Co

nt
ro

l
H

ea
rt

 fa
ilu

re
 a

Co
nt

ro
l

Ty
pe

s 
of

 c
om

or
bi

di
tie

s 
no

. (
%

)

Is
ch

ae
m

ic
 h

ea
rt

 d
is

ea
se

65
4 

(6
4.

9)
48

8 
(1

8.
9)

94
4 

(6
9.

0)
66

2 
(2

1.
0)

49
00

 (6
6.

1)
37

72
 (1

8.
7)

36
91

 (6
5.

5)
27

37
 (1

7.
8)

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e
13

7 
(1

3.
6)

18
8 

(7
.3

)
22

9 
(1

6.
7)

30
6 

(9
.7

)
86

1 
(1

1.
6)

13
50

 (6
.7

)
67

7 
(1

2.
0)

96
7 

(6
.3

)

C
er

eb
ro

va
sc

ul
ar

 d
is

or
de

rs
20

5 
(2

0.
3)

43
8 

(1
7.

0)
26

0 
(1

9.
0)

49
8 

(1
5.

8)
11

27
 (1

5.
2)

21
57

 (1
0.

7)
87

1 
(1

5.
5)

14
14

 (9
.2

)

C
an

ce
r

95
 (9

.4
)

25
1 

(9
.7

)
14

4 
(1

0.
5)

45
4 

(1
4.

4)
53

9 
(7

.3
)

14
89

 (7
.4

)
46

4 
(8

.2
)

11
59

 (7
.6

)

C
hr

on
ic

 k
id

ne
y 

di
se

as
e

28
8 

(2
8.

6)
35

4 
(1

3.
7)

50
6 

(3
7.

0)
60

7 
(1

9.
3)

21
26

 (2
8.

7)
24

97
 (1

2.
4)

14
81

 (2
6.

3)
18

86
 (1

2.
3)

C
hr

on
ic

 li
ve

r d
is

ea
se

39
 (3

.9
)

36
 (1

.4
)

41
 (3

.0
)

64
 (2

.0
)

19
2 

(2
.6

)
27

1 
(1

.3
)

13
5 

(2
.4

)
18

2 
(1

.2
)

D
ia

be
te

s
53

8 
(5

3.
4)

13
12

 (5
0.

9)
79

9 
(5

8.
4)

17
49

 (5
5.

5)
41

65
 (5

6.
1)

11
,0

52
 (5

4.
8)

30
08

 (5
3.

4)
80

56
 (5

2.
5)

H
yp

er
te

ns
io

n
79

4 
(7

8.
8)

19
74

 (7
6.

5)
11

68
 (8

5.
3)

26
37

 (8
3.

6)
62

26
 (8

3.
9)

16
,7

69
 (8

3.
2)

48
15

 (8
5.

5)
13

,0
71

 (8
5.

2)

H
yp

er
lip

id
ae

m
ia

59
6 

(5
9.

1)
14

83
 (5

7.
5)

88
6 

(6
4.

7)
20

29
 (6

4.
4)

50
69

 (6
8.

3)
13

,7
43

 (6
8.

2)
39

39
 (7

0.
0)

10
,8

22
 (7

0.
6)

N
o.

 o
f c

om
or

bi
di

tie
s,

 n
o.

 (%
)

0 
co

m
or

bi
di

ty
44

 (4
.4

)
33

4 
(1

3.
0)

35
 (2

.6
)

27
2 

(8
.6

)
26

7 
(3

.6
)

16
28

 (8
.1

)
18

8 
(3

.3
)

11
50

 (7
.5

)

1 
co

m
or

bi
di

ty
87

 (8
.6

)
28

5 
(1

1.
1)

82
 (6

.0
)

26
2 

(8
.3

)
56

3 
(7

.6
)

22
78

 (1
1.

3)
40

8 
(7

.2
)

16
63

 (1
0.

8)

2 
co

m
or

bi
di

tie
s

14
5 

(1
4.

4)
49

6 
(1

9.
2)

15
6 

(1
1.

4)
50

3 
(1

6.
0)

98
9 

(1
3.

3)
42

06
 (2

0.
9)

75
2 

(1
3.

4)
33

99
 (2

2.
2)

3–
4 

co
m

or
bi

di
tie

s
43

9 
(4

3.
6)

11
20

 (4
3.

4)
57

7 
(4

2.
1)

15
70

 (4
9.

8)
35

17
 (4

7.
4)

10
,1

51
 (5

0.
4)

27
86

 (4
9.

5)
78

21
 (5

1.
0)

≥
5 

co
m

or
bi

di
tie

s
29

3 
(2

9.
1)

34
4 

(1
3.

3)
51

9 
(3

7.
9)

54
6 

(1
7.

3)
20

82
 (2

8.
1)

18
89

 (9
.4

)
14

97
 (2

6.
6)

13
04

 (8
.5

)

CO
VI

D
-1

9,
 n

o.
 (%

)

In
fe

ct
ed

c
39

8 
(3

9.
5)

73
5 

(2
8.

5)
62

6 
(4

5.
7)

15
09

 (4
7.

9)
31

62
 (4

2.
6)

84
27

 (4
1.

8)
24

32
 (4

3.
2)

62
78

 (4
0.

9)

H
os

pi
ta

lis
ed

d
29

1 
(2

8.
9)

40
2 

(1
5.

6)
34

9 
(2

5.
5)

52
2 

(1
6.

6)
97

0 
(1

3.
1)

11
11

 (5
.5

)
58

9 
(1

0.
5)

61
5 

(4
.0

)

Se
ve

re
 d

is
ea

se
e

13
4 

(1
3.

3)
17

8 
(6

.9
)

12
8 

(9
.3

)
14

5 
(4

.6
)

30
0 

(4
.0

)
22

3 
(1

.1
)

12
8 

(2
.3

)
95

 (0
.6

)

D
ea

th
42

 (4
.2

)
72

 (2
.8

)
28

 (2
.0

)
47

 (1
.5

)
31

 (0
.4

)
26

 (0
.1

)
5 

(0
.1

)
6 

(0
.0

)

a  A
m

on
g 

ca
se

s 
of

 h
ea

rt
 fa

ilu
re

 (n
=

15
,4

26
), 

10
,1

89
 (6

6.
1%

) h
ad

 a
 c

on
cu

rr
en

t d
ia

gn
os

is
 o

f i
sc

ha
em

ic
 h

ea
rt

 d
is

ea
se

.
b  

H
ou

si
ng

 ty
pe

 w
as

 u
se

d 
as

 a
n 

in
di

ca
to

r o
f s

oc
io

ec
on

om
ic

 s
ta

tu
s.

c  S
A

RS
-C

oV
-2

 in
fe

ct
io

n 
de

fin
ed

 a
s 

po
si

tiv
e 

te
st

 re
su

lt 
(p

ol
ym

er
as

e 
ch

ai
n 

re
ac

tio
n 

[P
C

R]
 te

st
 o

r r
ap

id
 a

nt
ig

en
 te

st
 [R

A
T]

) r
ec

or
de

d 
in

 th
e 

na
tio

na
l C

O
VI

D
-1

9 
re

gi
st

ry
.

d  
C

O
VI

D
-1

9 
ho

sp
ita

lis
at

io
n 

w
as

 d
efi

ne
d 

as
 a

ll-
ca

us
e 

ho
sp

ita
lis

at
io

ns
 o

cc
ur

rin
g 

w
ith

in
 3

0 
da

ys
 fr

om
 a

 p
os

iti
ve

 C
O

VI
D

-1
9 

re
su

lt 
(P

C
R/

RA
T)

.
e  S

ev
er

e 
di

se
as

e 
w

as
 d

efi
ne

d 
as

 C
O

VI
D

-1
9 

in
fe

ct
io

n 
w

ith
 th

e 
re

su
lti

ng
 n

ee
d 

fo
r s

up
pl

em
en

ta
l o

xy
ge

n,
 in

te
ns

iv
e 

ca
re

 a
dm

is
si

on
 o

r d
ea

th
.



Boosting and COVID-19 outcomes in cardiac patients—Liang En Wee et al.

276Ann Acad Med Singap Vol 54 No 5 May 2025 | annals.edu.sg

Ta
bl

e 
2.

 C
ha

ra
ct

er
is

tic
s 

of
 is

ch
ae

m
ic

 h
ea

rt
 d

is
ea

se
 c

as
es

 (n
=

11
0,

44
2)

 a
nd

 c
on

tr
ol

 p
op

ul
at

io
ns

 w
ith

ou
t i

sc
ha

em
ic

 h
ea

rt
 d

is
ea

se
 (n

=
22

3,
84

3)
, s

tr
at

ifi
ed

 b
y 

to
ta

l n
um

be
r o

f v
ac

ci
ne

 d
os

es
.

0/
1 

do
se

 
(U

nv
ac

ci
na

te
d/

pa
rt

ia
lly

 
va

cc
in

at
ed

)

2 
do

se
s 

(F
ul

ly
 v

ac
ci

na
te

d,
 n

ot
  

bo
os

te
d)

3 
do

se
s 

(B
oo

st
ed

)
≥4

 d
os

es
 

(D
ou

bl
e 

bo
os

te
d)

Is
ch

ae
m

ic
 

he
ar

t d
is

ea
se

a
Co

nt
ro

l
Is

ch
ae

m
ic

 
he

ar
t d

is
ea

se
a

Co
nt

ro
l

Is
ch

em
ic

 h
ea

rt
  

di
se

as
ea

Co
nt

ro
l

Is
ch

ae
m

ic
 

he
ar

t d
is

ea
se

a
Co

nt
ro

l

Se
x,

 n
o.

 (%
)

Fe
m

al
e

11
73

 (3
5.

1)
25

56
 (3

9.
8)

14
79

 (3
7.

8)
28

26
 (4

3.
0)

14
,5

69
 (2

8.
8)

34
,8

50
 (3

3.
9)

67
,8

50
 (2

6.
5)

38
,6

33
 (3

1.
3)

M
al

e
21

73
 (6

4.
9)

38
68

 (6
0.

2)
24

34
 (6

2.
2)

37
44

 (5
7.

0)
36

,0
78

 (7
1.

2)
67

,8
50

 (6
6.

1)
38

,6
33

 (7
3.

5)
74

,3
33

 (6
8.

7)

A
ge

, n
o.

 (%
)

18
–2

9 
ye

ar
s

2 
(0

.1
)

6 
(0

.1
)

4 
(0

.1
)

12
 (0

.2
)

59
 (0

.1
)

16
7 

(0
.2

)
17

 (0
.0

)
47

 (0
.0

)

30
–3

9 
ye

ar
s

19
 (0

.6
)

48
 (0

.7
)

31
 (0

.8
)

79
 (1

.2
)

63
1 

(1
.2

)
16

60
 (1

.6
)

19
1 

(0
.4

)
50

7 
(0

.5
)

40
–4

9 
ye

ar
s

12
3 

(3
.7

)
28

6 
(4

.5
)

19
6 

(5
.0

)
37

4 
(5

.7
)

38
01

 (7
.5

)
91

34
 (8

.9
)

16
60

 (3
.2

)
40

37
 (3

.7
)

50
–5

9 
ye

ar
s

43
7 

(1
3.

1)
87

3 
(1

3.
6)

52
7 

(1
3.

5)
91

6 
(1

3.
9)

10
,7

54
 (2

1.
2)

22
,9

09
 (2

2.
3)

81
66

 (1
5.

5)
17

,8
41

 (1
6.

5)

60
–6

9 
ye

ar
s

84
8 

(2
5.

3)
16

42
 (2

5.
6)

91
6 

(2
3.

4)
15

21
 (2

3.
2)

17
,1

34
 (3

3.
8)

33
,7

59
 (3

2.
9)

18
,5

64
 (3

5.
3)

38
,0

94
 (3

5.
2)

70
–7

9 
ye

ar
s

86
5 

(2
5.

9)
16

74
 (2

6.
1)

10
94

 (2
8.

0)
17

60
 (2

6.
8)

12
,0

17
 (2

3.
7)

23
,3

52
 (2

2.
7)

15
,2

48
 (2

9.
0)

30
,6

68
 (2

8.
4)

≥
80

 y
ea

rs
10

52
 (3

1.
4)

18
95

 (2
9.

5)
11

45
 (2

9.
3)

19
08

 (2
9.

0)
62

51
 (1

2.
3)

11
,7

19
 (1

1.
4)

86
90

 (1
6.

5)
16

,9
55

 (1
5.

7)

Et
hn

ic
ity

, n
o.

 (%
)

C
hi

ne
se

22
50

 (6
7.

2)
45

32
 (7

0.
5)

25
35

 (6
4.

8)
45

83
 (6

9.
8)

35
,4

55
 (7

0.
0)

75
,1

30
 (7

3.
2)

41
,7

56
 (7

9.
5)

88
,5

99
 (8

1.
9)

In
di

an
57

0 
(1

7.
0)

92
5 

(1
4.

4)
69

8 
(1

7.
8)

95
8 

(1
4.

6)
69

43
 (1

3.
7)

11
,9

52
 (1

1.
6)

42
65

 (8
.1

)
70

74
 (6

.5
)

M
al

ay
43

4 
(1

3.
0)

77
1 

(1
2.

0)
65

9 
(1

6.
8)

98
8 

(1
5.

0)
77

72
 (1

5.
3)

14
,7

32
 (1

4.
3)

57
75

 (1
1.

0)
10

,9
82

 (1
0.

2)

O
th

er
s

92
 (2

.7
)

19
6 

(3
.1

)
21

 (0
.5

)
41

 (0
.6

)
47

7 
(0

.9
)

88
6 

(0
.9

)
74

0 
(1

.4
)

14
94

 (1
.4

)

So
ci

oe
co

no
m

ic
 s

ta
tu

s 
by

 h
ou

si
ng

 ty
pe

, n
o.

 (%
)b

Pu
bl

ic
, 1

–2
 ro

om
s

39
2 

(1
1.

7)
68

4 
(1

0.
6)

56
7 

(1
4.

5)
87

7 
(1

3.
3)

42
83

 (8
.5

)
80

75
 (7

.9
)

37
10

 (7
.1

)
71

09
 (6

.6
)

Pu
bl

ic
, 3

 ro
om

s
73

4 
(2

1.
9)

13
60

 (2
1.

2)
93

8 
(2

4.
0)

15
89

 (2
4.

2)
97

96
 (1

9.
3)

19
,7

32
 (1

9.
2)

94
63

 (1
8.

0)
19

,4
61

 (1
8.

0)

Pu
bl

ic
, 4

 ro
om

s
99

3 
(2

9.
7)

18
62

 (2
9.

0)
12

70
 (3

2.
5)

21
04

 (3
2.

0)
17

,0
08

 (3
3.

6)
34

,7
56

 (3
3.

8)
16

,2
39

 (3
0.

9)
33

,5
61

 (3
1.

0)

Pu
bl

ic
, 5

 ro
om

s
83

3 
(2

4.
9)

16
46

 (2
5.

6)
91

8 
(2

3.
5)

15
76

 (2
4.

0)
16

,2
85

 (3
2.

2)
33

,4
94

 (3
2.

6)
18

,6
30

 (3
5.

5)
38

,9
26

 (3
6.

0)

O
th

er
s

11
4 

(3
.4

)
25

8 
(4

.0
)

17
 (0

.4
)

37
 (0

.6
)

10
5 

(0
.2

)
22

8 
(0

.2
)

25
0 

(0
.5

)
47

6 
(0

.4
)

Pr
iv

at
e 

ho
us

in
g

28
0 

(8
.4

)
61

4 
(9

.6
)

20
3 

(5
.2

)
38

7 
(5

.9
)

31
70

 (6
.3

)
64

15
 (6

.2
)

42
44

 (8
.1

)
86

16
 (8

.0
)



Boosting and COVID-19 outcomes in cardiac patients—Liang En Wee et al.

277Ann Acad Med Singap Vol 54 No 5 May 2025 | annals.edu.sg

Ta
bl

e 
2.

 C
ha

ra
ct

er
is

tic
s 

of
 is

ch
ae

m
ic

 h
ea

rt
 d

is
ea

se
 c

as
es

 (n
=

11
0,

44
2)

 a
nd

 c
on

tr
ol

 p
op

ul
at

io
ns

 w
ith

ou
t i

sc
ha

em
ic

 h
ea

rt
 d

is
ea

se
 (n

=
22

3,
84

3)
, s

tr
at

ifi
ed

 b
y 

to
ta

l n
um

be
r o

f v
ac

ci
ne

 d
os

es
. (

C
on

t’d
)

0/
1 

do
se

 
(U

nv
ac

ci
na

te
d/

pa
rt

ia
lly

 
va

cc
in

at
ed

)

2 
do

se
s 

(F
ul

ly
 v

ac
ci

na
te

d,
 n

ot
  

bo
os

te
d)

3 
do

se
s 

(B
oo

st
ed

)
≥4

 d
os

es
 

(D
ou

bl
e 

bo
os

te
d)

Is
ch

ae
m

ic
 

he
ar

t d
is

ea
se

a
Co

nt
ro

l
Is

ch
ae

m
ic

 
he

ar
t d

is
ea

se
a

Co
nt

ro
l

Is
ch

em
ic

 h
ea

rt
  

di
se

as
ea

Co
nt

ro
l

Is
ch

ae
m

ic
 

he
ar

t d
is

ea
se

a
Co

nt
ro

l

Ty
pe

s 
of

 c
om

or
bi

di
tie

s 
no

. (
%

)

H
ea

rt
 fa

ilu
re

65
0 

(1
9.

4)
15

5 
(2

.4
)

91
4 

(2
3.

4)
19

6 
(3

.0
)

48
48

 (9
.6

)
94

2 
(0

.9
)

36
29

 (6
.9

)
66

3 
(0

.6
)

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e
28

9 
(8

.6
)

35
1 

(5
.5

)
47

7 
(1

2.
2)

55
2 

(8
.4

)
35

97
 (7

.1
)

52
50

 (5
.1

)
36

40
 (6

.9
)

53
98

 (5
.0

)

C
er

eb
ro

va
sc

ul
ar

 d
is

or
de

rs
53

6 
(1

6.
0)

87
1 

(1
3.

6)
64

3 
(1

6.
4)

97
1 

(1
4.

8)
50

40
 (1

0.
0)

86
40

 (8
.4

)
49

47
 (9

.4
)

85
09

 (7
.9

)

C
an

ce
r

29
7 

(8
.9

)
61

2 
(9

.5
)

50
4 

(1
2.

9)
95

0 
(1

4.
5)

29
99

 (5
.9

)
61

94
 (6

.0
)

35
23

 (6
.7

)
71

34
 (6

.6
)

C
hr

on
ic

 k
id

ne
y 

di
se

as
e

60
9 

(1
8.

2)
63

5 
(9

.9
)

98
7 

(2
5.

2)
96

3 
(1

4.
7)

65
34

 (1
2.

9)
86

42
 (8

.4
)

66
45

 (1
2.

6)
97

47
 (9

.0
)

C
hr

on
ic

 li
ve

r d
is

ea
se

81
 (2

.4
)

98
 (1

.5
)

99
 (2

.5
)

12
9 

(2
.0

)
75

0 
(1

.5
)

11
62

 (1
.1

)
75

0 
(1

.4
)

11
39

 (1
.1

)

D
ia

be
te

s
15

04
 (4

4.
9)

24
82

 (3
8.

6)
20

40
 (5

2.
1)

29
46

 (4
4.

8)
22

,2
85

 (4
4.

0)
41

,5
23

 (4
0.

4)
22

,9
96

 (4
3.

8)
44

,0
42

 (4
0.

7)

H
yp

er
te

ns
io

n
24

33
 (7

2.
7)

41
13

 (6
4.

0)
31

80
 (8

1.
3)

48
76

 (7
4.

2)
38

,5
73

 (7
6.

2)
71

,8
64

 (7
0.

0)
41

,2
88

 (7
8.

6)
79

,6
18

 (7
3.

6)

H
yp

er
lip

id
ae

m
ia

20
03

 (5
9.

9)
32

43
 (5

0.
5)

27
01

 (6
9.

0)
39

61
 (6

0.
3)

37
,4

07
 (7

3.
9)

69
,3

87
 (6

7.
6)

40
,1

39
 (7

6.
4)

77
,2

29
 (7

1.
4)

N
o.

 o
f c

om
or

bi
di

tie
s,

 n
o.

 (%
)

0 
co

m
or

bi
di

ty
34

9 
(1

0.
4)

13
69

 (2
1.

3)
24

7 
(6

.3
)

95
2 

(1
4.

5)
44

26
 (8

.7
)

14
,9

50
 (1

4.
6)

42
31

 (8
.1

)
13

,6
67

 (1
2.

6)

1 
co

m
or

bi
di

ty
52

6 
(1

5.
7)

10
76

 (1
6.

7)
38

3 
(9

.8
)

81
5 

(1
2.

4)
73

92
 (1

4.
6)

16
,9

50
 (1

6.
5)

69
64

 (1
3.

3)
16

,0
66

 (1
4.

9)

2 
co

m
or

bi
di

tie
s

70
7 

(2
1.

1)
13

64
 (2

1.
2)

73
2 

(1
8.

7)
12

86
 (1

9.
6)

13
,6

30
 (2

6.
9)

27
,9

69
 (2

7.
2)

14
,5

82
 (2

7.
8)

30
,6

59
 (2

8.
3)

3–
4 

co
m

or
bi

di
tie

s
12

96
 (3

8.
7)

21
62

 (3
3.

7)
17

05
 (4

3.
6)

27
97

 (4
2.

6)
21

,2
56

 (4
2.

0)
39

,0
88

 (3
8.

1)
23

,2
79

 (4
4.

3)
44

,1
39

 (4
0.

8)

≥
5 

co
m

or
bi

di
tie

s
46

8 
(1

4.
0)

45
3 

(7
.1

)
84

6 
(2

1.
6)

72
0 

(1
1.

0)
39

43
 (7

.8
)

37
43

 (3
.6

)
34

80
 (6

.6
)

36
18

 (3
.3

)

CO
VI

D
-1

9,
 n

o.
 (%

)

In
fe

ct
ed

c
10

62
 (3

1.
7)

15
67

 (2
4.

4)
19

90
 (5

0.
9)

31
55

 (4
8.

0)
22

,9
77

 (4
5.

4)
43

,3
44

 (4
2.

2)
22

,7
73

 (4
3.

3)
43

,6
73

 (4
0.

4)

H
os

pi
ta

lis
ed

d
61

7 
(1

8.
4)

78
8 

(1
2.

3)
79

9 
(2

0.
4)

97
2 

(1
4.

8)
28

65
 (5

.7
)

35
06

 (3
.4

)
21

43
 (4

.1
)

27
31

 (2
.5

)

Se
ve

re
 d

is
ea

se
e

24
2 

(7
.2

)
36

3 
(5

.7
)

24
4 

(6
.2

)
28

2 
(4

.3
)

55
5 

(1
.1

)
64

2 
(0

.6
)

31
8 

(0
.6

)
39

6 
(0

.4
)

D
ea

th
83

 (2
.5

)
13

9 
(2

.2
)

70
 (1

.8
)

95
 (1

.4
)

71
 (0

.1
)

95
 (0

.1
)

20
 (0

.0
)

35
 (0

.0
)

a  A
m

on
g 

ca
se

s 
of

 is
ch

ae
m

ic
 h

ea
rt

 d
is

ea
se

 (n
=

11
0,

42
2)

, 1
0,

04
1 

(9
.0

9%
) h

ad
 a

 c
on

cu
rr

en
t d

ia
gn

os
is

 o
f h

ea
rt

 fa
ilu

re
.

b  
H

ou
si

ng
 ty

pe
 w

as
 u

se
d 

as
 a

n 
in

di
ca

to
r o

f s
oc

io
ec

on
om

ic
 s

ta
tu

s.
c  S

A
RS

-C
oV

-2
 in

fe
ct

io
n 

w
as

 d
efi

ne
d 

as
 p

os
iti

ve
 te

st
 re

su
lt 

(p
ol

ym
er

as
e 

ch
ai

n 
re

ac
tio

n 
[P

C
R]

 te
st

 o
r r

ap
id

 a
nt

ig
en

 te
st

in
g 

[R
A

T]
) r

ec
or

de
d 

in
 th

e 
na

tio
na

l C
O

VI
D

-1
9 

re
gi

st
ry

d  
C

O
VI

D
-1

9 
ho

sp
ita

lis
at

io
n 

w
as

 d
efi

ne
d 

as
 a

ll-
ca

us
e 

ho
sp

ita
lis

at
io

ns
 o

cc
ur

rin
g 

w
ith

in
 3

0 
da

ys
 fr

om
 a

 p
os

iti
ve

 C
O

VI
D

-1
9 

re
su

lt 
(P

C
R/

RA
T)

.
e  S

ev
er

e 
di

se
as

e 
w

as
 d

efi
ne

d 
as

 C
O

VI
D

-1
9 

in
fe

ct
io

n 
w

ith
 re

su
lti

ng
 n

ee
d 

fo
r s

up
pl

em
en

ta
l o

xy
ge

n,
 in

te
ns

iv
e 

ca
re

 a
dm

is
si

on
 o

r d
ea

th
.



Boosting and COVID-19 outcomes in cardiac patients—Liang En Wee et al.

278Ann Acad Med Singap Vol 54 No 5 May 2025 | annals.edu.sg

Ta
bl

e 
3.

 R
is

k 
of

 O
m

ic
ro

n 
SA

RS
-C

oV
-2

 in
fe

ct
io

n,
 C

O
VI

D
-1

9 
re

la
te

d-
ho

sp
ita

lis
at

io
n 

an
d 

se
ve

re
 d

is
ea

se
 b

y 
va

cc
in

at
io

n 
st

at
us

, a
m

on
g 

he
ar

t f
ai

lu
re

/is
ch

em
ic

 h
ea

rt
 d

is
ea

se
 c

as
es

 a
nd

 m
at

ch
ed

 c
on

tr
ol

s.

N
o.

 o
f m

RN
A

 v
ac

ci
ne

 d
os

es
c

SA
RS

-C
oV

-2
 in

fe
ct

io
n,

 
aH

R 
(9

5%
 C

I)a
CO

VI
D

-1
9 

ho
sp

ita
lis

at
io

n,
 

aH
R 

(9
5%

 C
I)a,

b
Se

ve
re

 C
O

VI
D

-1
9 

di
se

as
e,

 
aH

R 
(9

5%
 C

I)a,
b

H
ea

rt
 fa

ilu
re

Co
nt

ro
ls

H
ea

rt
 fa

ilu
re

Co
nt

ro
ls

H
ea

rt
 fa

ilu
re

Co
nt

ro
ls

U
nv

ac
ci

na
te

d/
pa

rt
ia

lly
 v

ac
ci

na
te

d
0.

81
 (0

.7
1–

0.
94

)
0.

54
 (0

.4
9–

0.
59

)
0.

98
 (0

.8
2–

1.
18

)
0.

90
 (0

.7
8–

1.
04

)
1.

18
 (0

.8
8–

1.
58

)
1.

51
 (1

.1
7–

1.
96

)

Fu
lly

 v
ac

ci
na

te
d,

 n
ot

 b
oo

st
ed

 
1.

00
 (N

A
)

1.
00

 (N
A

)
1.

00
 (N

A
)

1.
00

 (N
A

)
1.

00
 (N

A
)

1.
00

 (N
A

)

B
oo

st
ed

0.
81

 (0
.7

5–
0.

87
)

0.
89

 (0
.8

5–
0.

94
)

0.
42

 (0
.3

7–
0.

48
)

0.
31

 (0
.2

8–
0.

35
)

0.
35

 (0
.2

8–
0.

43
)

0.
25

 (0
.2

0–
0.

31
)

D
ou

bl
e 

bo
os

te
d 

(≥
4 

do
se

s)
0.

79
 (0

.7
1–

0.
88

)
0.

92
 (0

.8
6–

0.
99

)
0.

28
 (0

.2
3–

0.
34

)
0.

18
 (0

.1
6–

0.
22

)
0.

19
 (0

.1
3,

 0
.2

7)
0.

15
 (0

.1
0,

 0
.2

1)

N
o.

 o
f m

RN
A

 v
ac

ci
ne

 d
os

es
c

Is
ch

ae
m

ic
 h

ea
rt

 
di

se
as

e
Co

nt
ro

ls
Is

ch
ae

m
ic

 h
ea

rt
 

di
se

as
e

Co
nt

ro
ls

Is
ch

ae
m

ic
 h

ea
rt

 
di

se
as

e
Co

nt
ro

ls

U
nv

ac
ci

na
te

d/
pa

rt
ia

lly
 v

ac
ci

na
te

d
0.

57
 (0

.5
2–

0.
62

)
0.

51
 (0

.4
8,

 0
.5

4)
0.

92
 (0

.8
1,

 1
.0

4)
0.

85
 (0

.7
8,

 0
.9

3)
1.

07
 (0

.8
5,

 1
.3

5)
1.

23
 (1

.0
4–

1.
44

)

Fu
lly

 v
ac

ci
na

te
d,

 n
ot

 b
oo

st
ed

 
1.

00
 (N

A
)

1.
00

 (N
A

)
1.

00
 (N

A
)

1.
00

 (N
A

)
1.

00
 (N

A
)

1.
00

 (N
A

)

B
oo

st
ed

0.
91

 (0
.8

7–
0.

95
)

0.
98

 (0
.9

5–
1.

00
)

0.
37

 (0
.3

4–
0.

40
)

0.
34

 (0
.3

2–
0.

36
)

0.
27

 (0
.2

3–
0.

32
)

0.
25

 (0
.2

2–
0.

28
)

D
ou

bl
e 

bo
os

te
d 

(≥
4 

do
se

s)
0.

91
 (0

.8
7–

0.
96

)
0.

98
 (0

.9
5–

1.
01

)
0.

23
 (0

.2
0–

0.
25

)
0.

19
 (0

.1
8–

0.
21

)
0.

15
 (0

.1
2–

0.
19

)
0.

14
 (0

.1
2–

0.
17

)

aH
R:

 a
dj

us
te

d 
ha

za
rd

 ra
tio

; C
I: 

co
nfi

de
nc

e 
in

te
rv

al
; N

A
: n

ot
 a

pp
lic

ab
le

a 
C

al
en

da
r-

tim
e 

sc
al

e 
co

x 
re

gr
es

si
on

, c
on

tr
ol

lin
g 

fo
r a

ge
, s

ex
, e

th
ni

ci
ty

, s
oc

io
ec

on
om

ic
 s

ta
tu

s 
(h

ou
si

ng
 ty

pe
), 

co
m

or
bi

di
tie

s,
 v

ac
ci

na
tio

n 
st

at
us

.
b  

Re
st

ric
te

d 
to

 in
fe

ct
ed

 in
di

vi
du

al
s 

on
ly

.
c 
In

di
vi

du
al

s 
w

ho
 re

ce
iv

ed
 0

 m
RN

A
 v

ac
ci

ne
 d

os
e 

w
er

e 
co

ns
id

er
ed

 u
nv

ac
ci

na
te

d;
 in

di
vi

du
al

s 
w

ho
 re

ce
iv

ed
 1

 m
RN

A
 v

ac
ci

ne
 d

os
e 

on
ly

 w
er

e 
co

ns
id

er
ed

 p
ar

tia
lly

 v
ac

ci
na

te
d;

 fu
ll 

va
cc

in
at

io
n 

w
as

 d
efi

ne
d 

as
 h

av
in

g 
co

m
pl

et
ed

 a
 p

rim
ar

y 
2-

do
se

 v
ac

ci
ne

 s
er

ie
s 

(e
ith

er
 B

N
T1

62
b2

 o
r m

RN
A

-1
27

3,
 a

t l
ea

st
 8

 w
ee

ks
 a

pa
rt

). 
Fu

lly
-v

ac
ci

na
te

d 
in

di
vi

du
al

s 
w

ho
 re

ce
iv

ed
 a

dd
iti

on
al

 m
RN

A
 v

ac
ci

ne
 d

os
es

 a
t l

ea
st

 6
 to

 
9 

m
on

th
s 

af
te

r t
he

 s
ec

on
d 

do
se

 w
er

e 
co

ns
id

er
ed

 b
oo

st
ed

. U
nv

ac
ci

na
te

d 
an

d 
pa

rt
ia

lly
 v

ac
ci

na
te

d 
in

di
vi

du
al

s 
w

er
e 

co
ns

ol
id

at
ed

 in
 th

e 
sa

m
e 

ca
te

go
ry

 d
ue

 to
 th

e 
sm

al
l n

um
be

r o
f u

nv
ac

ci
na

te
d/

pa
rt

ia
lly

 
va

cc
in

at
ed

 c
as

es
 in

 o
ur

 p
op

ul
at

io
n.



Boosting and COVID-19 outcomes in cardiac patients—Liang En Wee et al.

279Ann Acad Med Singap Vol 54 No 5 May 2025 | annals.edu.sg

unequivocally attenuated risks of adverse COVID-19 
outcomes in HF/IHD cases during the Omicron wave. 

Elevated risk of infection, hospitalisation and severe 
COVID-19 among adults with HF/IHD compared 
to matched population controls was still observed 
during Omicron predominance, even though the 
Omicron variant was associated with relatively  
milder symptoms and lower risk of respiratory 
complications.9,10 Adverse COVID-19 outcomes in  
acute infection may arise not just from respiratory 
complications, but also cardiac damage sustained  
during viral infection of cardiomyocytes, which 
differentially express angiotensin-converting enzyme 
2 required for SARS-CoV-2 viral entry. In an in-vitro 
study evaluating differential response of engineered 
human cardiac tissues to Delta and Omicron variants, 
Omicron pseudoviruses were still able to efficiently  
infect cardiomyocytes in a tissue-engineered cardiac 
muscle bundle model.22 Up to one-third of older  
adults infected with Omicron sustained concurrent 
myocardial injury (elevated troponin); myocardial injury 
was associated with higher risk of requiring intensive 
care.23 Elevated risk of adverse COVID-19 outcomes  
in HF/IHD patients infected with Omicron is of  
concern, given that increased transmissibility of the 
Omicron variant results in a much greater number 
of infected individuals. Elevated risk of COVID-19 

Table 4. Comparing risk of SARS-CoV-2 infection and COVID-19-related hospitalisation and severe disease between individuals with heart failure/
ischaemic heart disease and matched controls who were infected during Omicron-predominant transmission.

Heart failure cases versus matched population 
controls (period of transmission)

SARS-CoV-2 infection, 
aHR (95% CI)a

COVID-19 hospitalisation, 
 aHR (95% CI)a,b

Severe COVID-19 disease, 
aHR (95% CI)a,b

Population controls (reference category) 1.00 (NA) 1.00 (NA) 1.00 (NA)

Heart failure cases (entire Omicron period)c 1.05 (1.01–1.08) 1.77 (1.65–1.90) 2.40 (2.10–2.75)

Heart failure cases (pre-Omicron XBB transmission)d 1.02 (0.98–1.06) 1.92 (1.76, 2.09) 2.56 (2.18, 2.99)

Heart failure cases (Omicron XBB transmission)d 1.14 (1.06–1.22) 1.58 (1.40–1.80) 2.17 (1.66–2.85)

Ischaemic heart disease cases versus matched 
population controls (period of transmission)

SARS-CoV-2 infection, 
aHR (95% CI)a

COVID-19 hospitalisation, 
aHR (95% CI)a,b

Severe COVID-19 disease, 
aHR (95% CI)a,b

Population controls (reference category) 1.00 (NA) 1.00 (NA) 1.00 (NA)

Ischaemic heart disease cases (entire Omicron 
period)c

1.10 (1.09–1.12) 1.21 (1.17–1.26) 1.12 (1.03–1.21)

Ischaemic heart disease cases (pre-Omicron XBB 
transmission)d

1.09 (1.08–1.10) 1.24 (1.19–1.30) 1.14 (1.03–1.25)

Ischaemic heart disease cases (Omicron XBB 
transmission)d

1.15 (1.12–1.18) 1.15 (1.08–1.22) 0.98 (0.84–1.14)

aHR: adjusted hazard ratio; CI: confidence interval; NA: not applicable
a Calendar-time scale cox regression, controlling for age, sex, ethnicity, socioeconomic status (housing type), comorbidities and vaccination status.
b Restricted to infected individuals only.
c Entire Omicron period refers to Omicron-predominant transmission period.
d 18 September 2022 was used as the cut-off date to further separate the Omicron period into XBB-predominant and pre-XBB  
(Omicron BA.1/2/3/4) transmission.

hospitalisation persisted even into XBB-predominant 
transmission, compared with other Omicron subva- 
riants in historical circulation. In a population-based 
study of adults who tested positive for SARS-CoV-2  
over successive pandemic phases, pre-existing 
cardiovascular conditions remained a significant  
predictor for adverse COVID-19 outcomes even  
during Omicron transmission, with HF being the  
most significant predictor for progression to severe 
COVID-19.24 

Our findings highlight the continued benefit of 
COVID-19 vaccination for patients with HF/IHD in the 
current era of COVID-19 endemicity and Omicron-
predominant transmission. The majority of studies that 
documented adverse COVID-19 outcomes in patients 
with HF/IHD were conducted in the early pre-Omicron 
stages of the pandemic, prior to vaccination rollout.1-6 
Improved outcomes for COVID-19 patients with  
elevated troponin and myocardial injury during  
Omicron was ascribed to the protective effect of 
vaccination, not available in earlier pandemic waves.25 
A single population-based cohort of adults in the  
Czech Republic with HF who were infected during 
Omicron-predominant transmission reported vaccine 
effectiveness estimates against severe COVID-19 of  
41.9% in the fully vaccinated group and 76.6% in 
those who had received a single booster.11 However, 
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generalisability was significantly limited by restriction 
to PCR-confirmed cases of SARS-CoV-2 infection,  
which may have introduced bias as milder RAT- 
confirmed infections may not have been recorded. 
Indeed, the reported infection rate (approx. 5%) in  
the Czech study was surprisingly low.11 Significantly 
lower HRs against hospitalisation and severe disease 
in the 4-dose group compared with the 3-dose 
group suggests that regular boosting is beneficial for  
additional protection in individuals with HF/IHD. 
Hospitalisation for HF/IHD in the preceding year 
was associated with higher risk of COVID-19-
related hospitalisation attributed to the Omicron 
variant, suggesting that individuals with recurrent 
admissions remain at-risk and should be prioritised for  
vaccination/boosting. However, vaccine hesitancy 
remains an issue in this at-risk population,26 despite 
multiple studies unequivocally demonstrating the  
safety of mRNA COVID-19 vaccines for patients  
with HF/IHD.27-29 For instance, in a Danish cohort of  
HF patients matched to population-based controls, 
receipt of an mRNA COVID-19 vaccine was not 
associated with an increased risk of worsening heart 
failure, myocarditis, venous thromboembolism or  
all-cause mortality.27 Similarly, in a population-based 
cohort of 32,490 adults in Hong Kong with HF, 
analysis using a self-controlled case series design did 
not demonstrate risk of hospitalisation for HF, major  
adverse cardiovascular events or all-cause hospita-
lisation after receiving the BNT162b2 mRNA vaccine.28 
COVID-19 vaccination in HF patients was associated 
with significant subsequent reduction in all-cause 
hospitalisation and mortality rates.29 In our Singapore 
population, no increased risk of cardiovascular 
events was observed up to 180 days after any mRNA  
vaccination dose administered in the Omicron era,30  
and myocarditis cases reported post-COVID-19 
vaccination were rare and clinically mild.31 Continued 
prioritisation of patients with HF/IHD for booster  
doses is crucial during COVID-19 endemicity. Such 
individuals at increased risk of severe COVID-19  
should receive updated vaccine doses at an interval  
of around 1 year from the last vaccine dose,32 given  
that updated booster doses have been shown to  
decrease risk of severe COVID-19 in the acute phase 
of illness,20 as well as long-term risk of cardiovascular 
complications (eg. thrombosis),33 compared to  
ancestral vaccine doses.

Our study has the following strengths: usage of a 
comprehensive nationwide vaccination and testing 
database (PCR/RAT) during a period when diagnostic 
tests were widely available, subsidised and strongly 
encouraged, resulting in minimal misclassification bias 
for SARS-CoV-2 infection/vaccination status. National 
healthcare claims data were used to comprehensively 

identify patients with HF/IHD. However, our study  
also has the following limitations. Unmeasured 
confounders could still have influenced estimates; 
in particular, several important comorbidities (e.g.  
smoking history) were not adjusted for, as this infor- 
mation was unavailable in the national electronic  
health records. Corroborative test data (e.g. 
echocardiography) was not available in the national 
electronic health record, hence we were unable to  
further stratify HF patients into groups with preserved 
or reduced ejection fraction for further comparison. 
This analysis was focused on outcomes of COVID-19  
in the acute phase; post-acute long-term cardiovas-
cular sequelae following SARS-CoV-2 infection was 
not evaluated, although increased long-term risk of 
dysrhythmias has been observed after Omicron infec-
tion in the general adult Singaporean population.34,35 
Finally, our results may not be immediately genera- 
lisable to other populations with differing uptake of 
COVID-19 boosters/vaccination doses.

CONCLUSION
Persistently elevated risk of COVID-19-related 
hospitalisation was observed among patients with 
HF/IHD compared with matched population controls, 
during successive Omicron waves, including Omicron 
XBB. Boosting attenuated risk of serious COVID-19 
outcomes, with lower risk of hospitalisation and severe 
disease in the double-boosted group compared to 
those who only received a single booster. Patients  
with HF/IHD would benefit from continued enrolment 
in vaccination programmes during the Omicron era.
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