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ABSTRACT
Background: The incidence of acute myocarditis as
a sub-acute side effect after vaccination with an mRNA-based vaccine against Coronavirus Disease 2019
(COVID-19) in elderly patients with cardiac dysfunction is unknown. This study assessed adverse cardiac
events following vaccination.
Methods: This observational study evaluated allcause mortality and deterioration of heart failure in 100
Japanese patients who underwent vaccination with
an mRNA-based vaccine against COVID-19. Heart failure status was assessed using the Brain Natriuretic
Peptide (BNP) ratio, for which the BNP or N Terminal
(NT)-pro BNP values were divided by their Upper Normal Limits (UNL). Deterioration was assessed based
on changes in the BNP ratio; values (i.e., post-BNP
levels minus pre-BNP levels) ≥ 10-fold higher than the
UNL denoted significant increment.
Results: The BNP ratio increased from 4.5 (Interquartile range: 1.5-13.6) to 5.9 (Interquartile range: 1.8-

ABBREVIATIONS
ACE2: Angiotensin-Converting Enzyme 2; BNP: Brain Natriuretic Peptide; CI: Confidence Interval; COVID-19: Coronavirus
Disease 2019; CRP: C-Reactive Protein; HR: Hazard Ratio; UNL:
Upper Normal Limits

INTRODUCTION
It is established that vaccination using an mRNA-based vaccine
against Coronavirus Disease 2019 (COVID-19) is effective in preventing the spread of infection. Moreover, acute myocarditis in
young individuals has been reported as a side effect of this type
of vaccination (Witberg G, et al., 2021; Mevorach D, et al., 2021;
Truong DT, et al., 2021; Ministry of Health, Labor and Welfare,
2021; Mevorach D, et al., 2022; Ministry of Health, Labor and
Welfare, 2021).
However, it is currently unknown whether vaccination with an
mRNA-based vaccine against COVID-19 has serious side effects
on elderly patients with cardiac diseases in the sub-acute phase.
Therefore, the objective of this study was to investigate the occurrence of adverse cardiac events 1-8 months following vaccination with an mRNA-based vaccine against COVID-19 (COMIRNATY® from BIONTECH and Pfizer Pharmaceutical Co. Ltd.,
Tokyo Japan).

MATERIALS AND METHODS
Patient selection
The study included 100 Japanese patients (Median age: 84 years;
631
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19.5) after vaccination (P<0.01). After the first vaccination (Follow-up: 20-222 days), six patients expired
and 15 patients exhibited significant increment of
the BNP ratio; these patients had a pre-BNP ratio ≥
4-fold higher than the UNL. Forty-five patients with
pre-BNP ratio <4-fold higher than the UNL did not expire or show significant increase in the BNP ratio. The
pre-BNP ratio was reliable in predicting cardiac deterioration (Crude Hazard Ratio: 1.02; 95% Confidence
Interval (CI): 1.01-1.03; P<0.01).
Conclusion: A BNP ratio ≥ 4-fold higher than the UNL
was associated with a high risk of death in elderly
patients after vaccination against COVID-19. The BNP
ratio may be useful for assessing the cardiac status of
elderly patients in this setting.
Keywords: Coronavirus Disease 2019 (COVID-19),
Vaccine, Death, Brain Natriuretic Peptide (BNP), Heart
failure
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Interquartile range: 78–89.5 years) with cardiovascular disorders,
as described in Table 1. They received the first vaccination with
an mRNA-based vaccine against COVID-19 (COMIRNATY® 0.3
mL IM; BIONTECH and Pfizer Pharmaceutical, Co. Ltd.) between April 23 and July 30, 2021; all patients underwent blood
examination before and after the vaccination. Ninety-nine patients received the second vaccination 21-30 days after the first
dose, whereas one patient denied the second vaccination due to
dyspnoea on effort after the first dose. All patients included in this
study were treated by the corresponding author at home/care facilities (80 patients) or at the outpatient clinics (20 patients) of two
hospitals belonging to the Tokai University School of Medicine
(Isehara, Japan) during the observation period (i.e., from the day
of first vaccination to that of death, last blood sampling, or November 31, 2021).

Study protocol
To achieve the objective of this study, we compared changes in
clinical data before and 1-8 months after vaccination against
COVID-19. Thereafter, multivariate analysis was performed to
determine the risks linked to the vaccination of patients with cardiac disorders.
Clinical data analysis included NT-pro Brain Natriuretic Peptide
(BNP) or BNP (in 80 and 20 patients, respectively), serum creatinine, blood urea nitrogen, aspartate aminotransferase, alanine
aminotransferase, haemoglobin A1C, complete blood count, and
electrocardiograms. In most patients, troponin T and C-Reactive
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Protein (CRP) were also measured, and echocardiography was performed.
Missing parameters are summarized in Table 1.

Definitions
To obtain the BNP ratio, we divided the BNP or NT-pro BNP values (pg/
mL) by their Upper Normal Limits (UNL; 18.4 pg/mL and 125 pg/mL,
respectively) to equalize both BNP and NT-pro BNP data. The BNP ratio
prior to vaccination, termed pre-BNP ratio, was calculated as the mean
values of the BNP ratio measured in the previous 12 months (the BNP
ratio was measured 1-12 times in the 100 patients; Mean: 3.98 ± 2.73
times). For the ratio after vaccination, termed post-BNP, we used the maximum BNP or NT-pro BNP value recorded during the observation period.
To assess the worsening of heart failure, the degree of change in the BNP
ratio before and after the vaccination was determined as follows: Post-BNP
ratio minus pre-BNP ratio, a value ≥ 10-fold higher than the UNL denoted
significant increment.

Statistical analysis
Numerical factors are shown as the median (Interquartile range). The
Wilcoxon rank-sum test was performed to compare unpaired numerical parameters. For the comparison of paired numerical parameters, the
Wilcoxon signed-rank test was used. Pearson’s chi-squared test was applied
to determine differences in categorical variables. Time to event was analysed with a Cox proportional-hazards model. The proportional-hazards
assumption was tested using Schoenfeld residuals after fitting a model with
the Cox proportional-hazards model. Hazard Ratio (HR) with 95% Confidence Interval (CI) was described as crude and adjusted HR for possible
confounders, namely pre-BNP ratio, age, sex, body mass index, serum creatinine, and anticoagulation therapy.

RESULTS
Baseline characteristics are summarized in Table 1. Six patients expired
during a median follow-up of 152.5 days (Interquartile range: 20-222 days)
after the first vaccination. The pre- and post-BNP ratios of patients who
expired and survived are demonstrated in Figure 1. Both pre- and postBNP ratios were higher in patients who expired (23.9 (12.6-43.6) and 144
(33.8-280), respectively) than in those who survived (4.2 (1.4-9.5) and 5.2
(1.8-16.1), respectively). The degree of increase after vaccination (i.e., postBNP ratio minus pre-BNP ratio) was significantly high (≥ 10-fold higher
than their UNL) in five patients who expired and 15 patients who survived. Death and/or remarkable increase in the BNP ratio (i.e., ≥ 10-fold
higher than the UNL) were observed only in patients with a pre-BNP ratio

≥ 4-fold higher than the UNL (21/55, 38.2%) (Table 2). In contrast, 45 patients with a pre-BNP ratio <4-fold higher than the UNL in the pre-vaccination period did not expire or show remarkable increase in the BNP ratio
(0/45, 0%) (Table 2). Hence, the pre-BNP ratio was a reliable parameter for
predicting cardiac deterioration 1-8 months after vaccination (Crude HR:
1.02 (95% CI: 1.01-1.03; P<0.01)); Adjusted HR: 1.02 (95% CI: 1.00-1.03;
P=0.03)) (Table 3).
Six patients expired 47-156 days after the first vaccination. Their pre-BNP
ratios ranged 4.8-145.8-fold higher than the UNL (605-18,225 pg/mL in
NT-pro BNP) (Figure 2A). Five of the six patients with a pre-BNP ratio
ranging 12.6-145.8-fold higher than the UNL (1,575-18,225 pg/mL in
NT-pro BNP) expired due to deterioration of congestive heart failure; a remarkable increase in the BNP ratio (21.2-242.4-fold higher than the UNL)
was observed in these patients. The remaining patient (Age: 89 years), with
the lowest pre-BNP ratio (4.8-fold higher than the UNL) expired due to
malnutrition caused by severe back pain which developed after the vaccination. In this patient, we could not determine the BNP ratio after the
vaccination. Echocardiographic examination, performed during both the
pre- and post-vaccination periods, revealed markedly deteriorated left
ventricular wall motion after vaccination in four of the six patients who
expired. The six patients who expired did not have newly developed abnormal Q waves. A distinct increase in CRP levels (i.e., >2.0 mg/dL) was
observed in one of those patients.
The 15 patients who survived despite a significant increase in the BNP
ratio had a relatively low pre-BNP ratio (4.2-41.3-fold higher than the
UNL) and increase in BNP ratio (11.5-60.2-fold higher than the UNL)
compared with the six patients who expired. In addition, they did not
show changes in the electrocardiogram or the troponin T levels, suggesting
newly developed myocardial infarction as described above. Seven of the
15 patients who survived exhibited an increase in CRP (i.e., >2.0 mg/dL)
in the post-vaccination period. Their post-BNP ratio gradually decreased
1-4 months after the vaccination; however, four patients sustained this increase in the BNP ratio 4-7 months after vaccination (Figure 2A). In contrast, all patients who expired showed extreme increment of the BNP ratio,
excluding one patient who expired due to malnutrition (Figure 2B).
Acute side effects, such as anaphylactic hemodynamic deterioration or sustained high fever in the acute phase (i.e., within 1 week) were not observed
in this study. Most patients did not show significant changes in other blood
parameters (i.e., serum creatinine, blood urea nitrogen, aspartate aminotransferase alanine, and aminotransferase) after vaccination.

Table 1: Baseline characteristics (n=100)
Characteristic
Age, years
Males, n
Height, cm
Weight, kg
BMI
Hypertension, n
Dyslipidemia, n
Diabetes mellitus, n
Prior myocardial infarction, n
Anticoagulation, n
Warfarin
DOAC
Serum creatinine, mg/dL
Urea nitrogen, mg/mL
Missing, n
632

Baseline
84 (78-89.5)
45 (45%)
155.5 (145.5-163.5)
51 (42.5-60)
21.4 (19.0-24.3)
64 (64%)
54 (54%)
21 (21%)
16 (16%)
35 (35%)
17 (17%)
18 (18%)
0.9 (0.7-1.1)
20.6 (15.9-26.0)
4

Post vaccination
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.9 (0.7-1.1)
21.6 (16.6-26.1)
3
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P value
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.26
0.33
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AST, IU/L
Missing, n

21 (18-25.5)
4

22 (18-25)
3

0.22

ALT, IU/L
Missing, n

15 (12-21)
4

16 (11-22)
3

0.92

HbA1c, %
Missing, n

5.8 (5.4-6.2)
16

5.8 (5.4-6.1)
19

0.02

Troponin T, ng/mL
Missing, n

0.03 (0.01-0.07)
32

0.03 (0.02-0.07)
24

0.55

CRP, mg/dL
Missing, n

0.09 (0.04-0.26)
28

0.09 (0.05-0.28)
15

0.02

Abnormal Q wave, n

16 (16%)

12 (22%)

Missing, n

2

45

Observation period, days§
152.5 (20-222)
NA
†
‡
5.9
(1.8-19.5)
<0.01
BNP ratio
4.5 (1.5-13.6)
<4-fold higher than the UNL, n
45 (45%)
41 (40%)
<0.01
≥ 4, <10-fold higher than the UNL, n
27 (27%)
22 (22%)
≥ 10-fold higher than the UNL, n
28 (28%)
37 (37%)
Death, n
NA
6 (6%)
NA
Note: ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body Mass Index; BNP: Brain Natriuretic Peptide; CRP: C-Reactive
Protein; DOAC: Direct Oral Anticoagulant; HbA1c: Hemoglobin A1c; UNL: Upper Normal Limit. †Average value prior to first vaccine/upper limit
within normal range. ‡Peak value after second vaccine/upper limit within normal range. §Duration between the day of first vaccination and that of
death or blood examination.

Figure 1: Distribution of pre- and post-BNP ratios. The transition of the BNP ratio according to vaccination is displayed as a violin plot. Pre- and
post-Brain Natriuretic Peptide (BNP) ratios were 4.2 (1.4-9.5) and 5.2 (1.8-16.1) in patients who survived (A), and 23.9 (12.6-43.6) and 144.4
(33.8-280) in patients who expired (B), respectively
633
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Table 2: Proportions of combined outcome according to the pre-Brain Natriuretic Peptide (pre-BNP) ratio
Combined outcome, n

<4
45 (100%)
0

None
Presence

Pre-BNP ratio

≥4
34 (61.8%)
21 (38.2%)

Table 3: Hazard Ratio (HR) for the combined outcome
Characteristics
Pre-BNP ratio
Pre-BNP ratio
Age
Males
BMI
Serum creatinine
Anticoagulation therapy
Note: BMI: Body Mass Index; BNP: Brain Natriuretic Peptide

Crude HR
1.02 (1.01-1.03)
Adjusted HR
1.02 (1.00-1.03)
1.07 (0.99-1.16)
1.63 (0.55-4.88)
0.98 (0.83-1.15)
0.26 (0.05-1.28)
5.05 (1.54-16.6)

P value
0.01
0.03
0.1
0.38
0.8
0.1
0.01

Figure 2: Transition of BNP ratios in 15 patients who survived (A) and six patients who expired (B). (A) There was a temporary increase in the
BNP ratio by >10-fold higher than the UNL after vaccination in all 15 patients. Subsequently, eight and seven patients showed partial and little
improvement, respectively. Four of the seven patients with little improvement showed sustained increase in the BNP ratio 4-7 months after the
vaccination. (B) Five of the six patients who expired showed a rapid increase in the BNP ratio prior to death. In the remaining one patient, who
expired due to malnutrition as a result of vaccination-induced back pain, we could not determine the post-BNP ratio. Values (i.e., post-BNP
levels minus pre-BNP levels) ≥ 10-fold higher than the Upper Normal Limit (UNL) denoted significant increment in the BNP ratio

DISCUSSION
This study showed that vaccination against COVID-19 was associated with
a high risk of death or decompensated heart failure for Japanese elderly
patients with severe cardiac dysfunction and a high pre-BNP ratio ≥ 4-fold
higher than the UNL (500 ng/mL in NT-pro BNP). However, the risk was
negligible in patients with a pre-BNP ratio <4-fold higher than the UNL
(Table 2). The incidence of death and/or remarkable increase in the BNP
ratio (i.e., ≥ 10-fold higher than the UNL) in the post-vaccination period
was strongly dependent on a pre-BNP ratio ≥ 4-fold higher that the UNL
(500 ng/mL in NT-pro BNP in Table 2). Cardiovascular death after the vaccination developed only in patients with a pre-BNP ratio >12.6-fold higher
than the UNL (1,575 in NT-pro BNP). Patients with a pre-BNP ratio <4fold higher than the UNL in the pre-vaccination period did not expire or
show remarkable increase in the BNP ratio after vaccination. This cardiac
deterioration was not accompanied by side effects, such as anaphylactic
634

hemodynamic deterioration or sustained high fever in the acute phase,
or myocardial infarction, liver dysfunction, or renal dysfunction (Table
1) both in the acute and sub-acute phases. An increase in CRP (>2 mg/
dL) was noted in one patient who expired and seven of the surviving 15
patients with a remarkable increase in the BNP ratio (≥ 10-fold higher
than the UNL). The most likely explanation for this sustained myocardial
involvement in the sub-acute phase would be autoimmune myocarditis;
in other words, anti-idiotype antibodies-dependent myocarditis recently
proposed by Murphy and Longo (Murphy WJ and Longo DL, 2022; Paque
RE and Miller RU, 1991; Talotta R and Robertson ES, 2021; Plotz P, 1983).
The primary antibody induced by vaccination against COVID-19 has antigen-binding domains with a mirror image structure of the spike protein
of COVID-19. Hence, it may induce a secondary antibody with a mirror image structure of the antigen-binding domains of the primary antibody. Consequently, the secondary antibodies may be able to bind to the
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Angiotensin-Converting Enzyme 2 (ACE2) receptor as the spike protein
of COVID-19, thereby inducing the release of inflammatory cytokines.
This hypothesis may explain our observation that myocardial dysfunction
was sustained for several months after vaccination and led to the death of
patients with severe damage. Nevertheless, massive myocardial necrosis
was not noted. The transition of the BNP ratio suggests that myocardial
damage appears to be somewhat reversible (Figure 2) in certain cases, but
sustained in others.
The BNP and/or NT-pro BNP levels in patients with severe cardiac dysfunction may increase during the natural course of the diseases. Therefore,
one may argue that the increase in the BNP ratio after vaccination may
be caused by the natural course of the diseases. However, in the previous
4 years, the cardiac death rate every 6 months among patients treated by
the corresponding author at home or care facilities was 5.0%-7.1% (seven
terms). This was accompanied by a maximum BNP ratio ranging 12.7-280fold higher than the UNL (Median: 49.4; Interquartile range: 39.7-103.2)
and 1,590-35,000 pg/mL in NT-pro BNP (Median: 6,180, Interquartile
range: 3,710-12,900). Nonetheless, the cardiac death rate in the previous 6
months (May 1 to October 31, 2021) was 12 cases (13.5%), including the
six patients who expired after vaccination with an mRNA-based vaccine
against COVID-19. The cardiac death rate among patients treated at home
or care facilities who did not receive the vaccination during the same period was six cases (6.7%).

CONCLUSION
A BNP ratio ≥ 4-fold higher than the UNL was associated with a high
risk of death in elderly patients after vaccination against COVID-19. The
present study revealed that assessment of the cardiac status, including the
BNP ratio, in elderly patients with severe cardiac dysfunction may be useful for determining the risk associated with the booster or initial vaccination against COVID-19. In patients at high risk, lower-dose vaccination
should be considered as an alternative option.
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