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Abstract
Background
Despite publications assuring no increased risk for acute cardiovascular events (excluding myocarditis) and sudden death following administration of COVID19 vaccines, these issues still stir much public ado. We assessed the risk for acute cardiovascular events that require hospitalization (excluding myocarditis) and for mortality in the short-term following administration of the second dose of the Pfizer COVID19 vaccine in Israel.

Methods
Using a self-controlled case series (SCCS) study design and national databases, all second-dose vaccinees, who had not been diagnosed with COVID19 and who had an acute cardiovascular event (acute myocardial infarction/acute stroke/acute thromboembolic event) that required hospitalization in the 60 days following vaccine administration between Jan 11th, 2021 and Oct 31st 2021, were included. A similar analysis was carried out for mortality. The first 30 days following vaccination were defined as risk period while the next 30 days were defined as control period. The probability for an event between these periods was compared using a conditional logistic regression model, accounting for sex, age group, background morbidity and seasonal risk.

Results
Out of 5,700,112  second dose vaccinees, 4,163 had an acute cardiovascular event in the 60 days following vaccine administration. Following exclusion of 106 due to technical considerations, 1,979 events occurred during the risk period and 2,078 during the control period: Odds ratio, OR = 0.95, 95% confidence interval, CI 0.90–1.01, p = 0.12. Adjusted OR was similar (OR = 0.88, 95%CI 0.72–1.08). Stratifying by age showed no increased risk in any age group. Mortality assessment indicated low number of events in both periods. These results were consistent in sensitivity analyses.

Conclusions
There was no increased risk for acute cardiovascular events (excluding myocarditis) in the risk period compared to the control period following administration of the second dose of Pfizer COVID19 vaccine. Mortality data raised no concerns either, but may have been biased.
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Background
The COVID19 pandemic, which is ongoing since early 2020, has had a profound impact globally, affecting the lives of millions of people: by the beginning of August 2023, over 692 million people worldwide have been diagnosed with SARS-CoV-2 virus, and over 6.9 million have died of the disease [1]. Vaccines play a vital role in combating the spread of infectious disease and in reducing its mortality and morbidity burden [2], especially when a novel pathogen is introduced. The speedy development of safe and efficient COVID19 messenger-RNA vaccines [3, 4], was a game changer in the current pandemic [5]. In Israel, Pfizer-Biotech BNT162b2 mRNA Covid-19 vaccine was gradually distributed since December 2020; by July 1st, 2021, out of a population of 9.4 million residents, 5,652,147 (60.4%) and 5,204,214 (55.6%) Israeli individuals were vaccinated by first and second vaccine doses, respectively [6].
Waning of vaccine efficacy became evident in Israel by mid-2021, when the Delta variant wave peaked [7, 8]. This waning, combined with real-world reports of rare but serious adverse events of the Pfizer-Biotech vaccine, such as myocarditis [9–11], pandemic fatigue, and vivid anti-vaccine campaigns in the social media often including baseless information and fake news, stirred a lot of public ado and often resulted in vaccine hesitancy and refusal [12]. By Jan 1st, 2022, a total of 4,264,929 (45.5%) individuals [6] adopted the (globally unprecedented until that time point) Israeli recommendation for a booster dose issued by the end of July 2021 as means to control the Delta variant COVID19 wave [13]; but only 829,896 (8.8%) responded by June 30th, 2022 to a following national recommendation for a second booster dose [6], issued by the end of January 2022 in light of the fast spread of the Omicron variant.
While myocarditis has been proved to be a potential rare adverse effect of mRNA COVID19 vaccines mostly affecting young male adults [9–11], it was also generally agreed that its risk was outweighed by the risk for myocarditis imposed by SARS-CoV-2 infection [14]. Unfortunately, public confusion regarding COVID19 vaccines have been fueled by sporadic reports on potential association between mRNA COVID19 vaccines and acute cardiovascular events as well as sudden death [15, 16]. Publication of other well-designed, peer-reviewed reports from France, Hong-Kong, Australia, New Zealand and Israel addressing these outcomes (excluding myocarditis) and usually concluding that there is no evidence for such associations [17–22], did not resolve these worries.
In light of these circumstances, policymakers in the Israel Ministry of Health (MoH) raised concerns regarding public response to future recommendations on booster doses of bivalent or other COVID19 vaccines. The Israel Center for Disease Control, a research body in the Israel MoH, assessed the risk for acute cardiovascular events that require hospitalization (excluding myocarditis) and for death in the short-term following administration of the second dose of the Pfizer COVID19 vaccine in Israel, using national databases and a self-controlled case series (SCCS) study design, in order to enable MoH evidence-based policy recommendations re. COVID19 vaccination. The null hypothesis was that risk and control time periods did not substantially differ with respect to the outcome probability.

Methods
This is a SCCS, based on the total Israeli population. This study design is currently well accepted for the research of vaccine adverse effects [23]. A benefit of a SCCS is that it treats individuals as their own control, thereby minimizing measured or unmeasured confounding by variables that are time-insensitive. Another advantage is the smaller number of patients needing data extraction (or collection) as compared to a cohort study, especially when rare outcomes are considered.
Study participants
The study population included all Israeli individuals who were vaccinated by a second Pfizer mRNA COVID19 vaccine in the time period from Jan 11th, 2021 up to Oct 31st 2021, who were not identified as COVID19 positive cases before or during this time period, to avoid potential confounding by an acute infection. This timeframe was chosen as it spans from the date of the first 2nd vaccine dose administration in Israel, up to when data on PCR COVID19 tests became less complete.
In this study we have focused on 2nd and not on 1st dose vaccinees, because of the short time gap between the two doses (three weeks) and the fact that 92% of 1st dose vaccinees were vaccinated by a second dose immediately afterwards. In sensitivity tests we have also examined 3rd dose vaccinees but did not include them in the main analysis, since by Oct 31st, 2021 3,970,474 Israeli citizens– 69% of 2nd dose vaccinees– undertook a 3rd vaccine dose, and they may represent a selective group, as the first recipients of the booster dose were older adults.
Study follow-up for each participant included 60 days following administration of the 2nd vaccine dose.
To address the study aim concerning acute cardiovascular events (excluding myocarditis), we have included 2nd dose COVID19 Pfizer vaccinees who have not been diagnosed with COVID19 and who have been hospitalized with an acute cardiovascular event (excluding myocarditis) during the designated follow-up time. If more than one hospitalization due to the defined diagnoses occurred during follow up, we have considered the first hospitalization only. Individuals who were hospitalized due to these diagnoses 60 days or less before their 2nd vaccine dose administration date were excluded, to avoid incidence-prevalence bias. Individuals with hospitalizations due to the defined cardiovascular events in the last 10 years (excluding the 60 days preceding vaccine administration) were considered as having a history of cardiovascular morbidity, which was accounted for in multivariable analysis.
To address the study aim focusing on mortality, we have included 2nd COVID19 Pfizer vaccine vaccinees who have not been diagnosed with COVID19 and who have died during the follow-up time.

Data sources and study procedure
In order to answer both study questions we have used four MoH national databases:
	1.
The national SARS-CoV-2 vaccine database includes the name, lot number and dose number of the vaccine administered and the date of administration for each individual.

 

	2.
The national SARS-CoV2 test database includes the results of each COVID19 test performed, date of testing, and date of results delivery for each individual. This database had been established at the beginning of the pandemic as part of a large-scale program of contact tracing and isolation with widespread RT-PCR testing among suspected cases and contacts of confirmed COVID19 patients. Up to the last quarter of 2021, this database mostly included results of PCR tests. Once antigen tests were available in Israel (mid-2021), supervised antigen tests were also included in the dataset, either obliging isolation (if positive) or granting entitlement to a Green Pass (if negative), which served as a strategy to ease limitations on international travel, school closures, and social and physical distancing. By the end of 2021, the number of unsupervised domestic antigen tests– which were not reported to the national database - increased substantially, and compromised the completeness of this database. Therefore, as mentioned earlier, our recruitment ended by 31st October 2021.

 

	3.
The National Hospital Discharge Database (NHDD). The NHDD in the MoH captures every hospitalization occurring in all general hospitals in Israel. Data are uploaded periodically by every medical facility and are usually complete and validated within 6–12 calendric months. The database contains encrypted unique personal identification number, admission number, admission and discharge dates, demographic data, and discharge diagnoses. International Classification of Disease, 9th Edition (ICD-9) diagnose codes applied to define acute cardiovascular events included acute myocardial infarction (MI) (410), stroke (433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434, 436, 437.0, 437.1) and thromboembolic event (286.6, 325, 415.1, 434, 435,436, 437.6, 437.8, 437.9, 443, 444, 445, 451, 452). Myocarditis codes (420.9, 422, 423.9, 429.0) were excluded from the main analyses but used for sensitivity tests.

 

	4.
The National Population Registry includes the vital status of each Israeli resident.

 




The unique personal identity number each Israeli citizen has enabled a cross linkage of these databases in order to assembly the study populations. First, we identified all Pfizer COVID19 2nd dose vaccinees in the designated study period in Israel, and excluded those with a positive PCR test at any time point up to Oct 31st, 2021. This primary dataset was linked with the NHDD (following encryption of the dataset in the same manner as that of the NHDD) and also with the National Population Registry, to address both study questions.
As mentioned earlier, all study participants, both in the acute cardiovascular event analysis and the mortality analysis, were followed up for 60 days following their 2nd vaccine dose administration. For the acute cardiovascular event study question, the risk period was re-defined as 2-30d following 2nd vaccine administration, since the number of hospitalizations on day 1 (the first day after vaccination) was very low and may have represented a selection bias. Concurrently, the control time period was re-defined as 31-59d following 2nd vaccine administration, omitting the last day in order to balance follow up lengths. For the mortality study question, the corresponding periods were defined as 1-30d and 31-60d, respectively.

Data analysis
First, we have built an epidemiological curve, e.g., a histogram that describes the numbers of each outcome following vaccination date, by study periods (risk and control).
Sociodemographic characteristics of the study population are described by numbers and percent for categorical variables or by mean (standard deviation), median and interquartile range for continuous variables.
Estimating the increased risk for the outcome in the risk period relative to the control period was done by using a univariable logistic regression model conditioning on subject and a multivariable model accounting for the following potential moderators: sex, age group (0-29y, 30-59y, 60-79y, 80 + y), previous cardiovascular morbidity in the last decade, and the seasonal risk of each study period. This was done by obtaining the average incidence for each acute cardiovascular event (excluding myocarditis) by each calendric month in pre-pandemic 2019 from the NHHD and using it to calculate, per each vaccinee, the relative risk for such an event in the two study periods. This multivariable analysis was repeated, stratified by age groups.
Sensitivity analyses for the acute cardiovascular event study question included (i) excluding vaccinees with previous cardiovascular morbidity in the last 10 years; (ii) extending the follow up period to 100 days, defining the first 50 days following the 2nd dose administration date as risk period and the next 50 days as control period.; (iii) including myocarditis cases in the defined cardiovascular events; and (iv) assessing the risk for the outcome following the 3rd vaccine dose using a model similar to that in the main analysis. Sensitivity analysis for the mortality question included extending the follow up period to 180 days, defining the first 90 days following the 2nd dose administration date as risk period and the next 90 days as control period. We have also assessed the relative risk of death between the 2nd dose vaccinees in 2021 and the general Israeli population in pre-pandemic 2019. Last, we also examined the mortality histogram following the 3rd vaccine dose.
All analyses were done using the R software package [24].


Results
The total 2nd dose Pfizer vaccine population with no documented COVID19 infection in the period between Jan 11th 2021 to Oct 31st 2021 included 5,700,112 individuals. Of them, 4,163 were hospitalized with acute cardiovascular event (excluding myocarditis) while 1,815 have died within 60 days of their vaccine date.
Acute cardiovascular event analysis (myocarditis excluded)
Of the total of 4,163 hospitalizations due to acute cardiovascular events in days 0–60 following 2nd vaccine dose administration, 1,979 hospitalizations occurred during the risk period (days 2–30) while 2,078 occurred in the control period (31-59d). A total of 106 cases, occurring on days 0, 1 and 60, were excluded from the analyses.
Mean age of the total vaccinee group was 68.9y (standard deviation = 13.7y), median age was 70y (interquartile range = 60y,79y); 62% (N = 2,523) were males and 31% (N = 1,258) had hospitalizations due to acute cardiovascular morbidity (excluding myocarditis) in the last decade. No differences in age (68.7y vs. 69.0y, p = 0.41), sex (61.5% vs. 62.5% males, p = 0.69) or previous cardiovascular hospitalization (30% vs. 32%, p = 0.19) were observed between vaccinees whose events occurred in the risk period as compared to the control period, respectively. Likewise, the distributions of the different acute cardiovascular events were similar in both risk periods: acute MI accounted for 43% and for 42% of the hospitalizations in the risk and the control periods, respectively. The corresponding proportions for stroke/transient ischemic attack were 47% and 49%; for thromboembolic events the proportions were 7% and 6%, respectively, and for other diagnoses, 3% of all hospitalizations in both risk and control periods. Figure 1 shows the daily number of hospitalizations due to acute cardiovascular events (excluding myocarditis) by study period.
[image: ]
Fig. 1Distribution of acute cardiovascular hospitalizations (excluding myocarditis) following administration of the 2nd Pfizer COVID19 vaccine dose by study periods


The non-adjusted conditional odds ratio (OR) was 0.95 and the 95% confidence interval (95%CI) was 0.90–1.01. The results of the conditional logistic regression model, which included the potential moderators: sex, age group, previous cardiovascular morbidity and seasonal risk are presented in Table 1. The OR for an acute cardiovascular event, myocarditis excluded, in the risk vs. the control period was 0.89 (95%CI 0.72–1.09) supporting the null hypothesis of similar risks in the two study periods.
Table 1Odds ratios and 95%CI for an acute cardiovascular event (excluding myocarditis) by study periods– a multivariable conditional logistic regression model


	Variable
	Odds ratio
(95%CI)
	X2
	Freedom levels
	P value

	Study period
(risk vs. control)
	0.88 (0.72–1.09)
	3.9
	1
	0.48

	Sex
(females vs. males)
	1.03 (0.90–1.18)
	0.20
	1
	0.65

	Age group
	 	4.05
	3
	0.26

	0-29y
	1.79 (0.84–3.82)
	 	 	 
	30-59y
	1.12 (0.96–1.31)
	 	 	 
	60-79y
	1.00 (ref)
	 	 	 
	80 + y
	1.03 (0.88–1.20)
	 	 	 
	Previous cardiovascular morbidity (yes vs. no)
	0.93 (0.81–1.06)
	1.08
	1
	0.30

	Seasonal risk1
	0.88 (0.72–1.07)
	1.54
	1
	0.21


1Computed as the relative risk for an acute cardiovascular event causing hospitalization for each participant at their designated risk vs. control period, based on the 2019 NHDD data



Table 2 presents results of uni-and multivariable analyses, stratified by age groups. The only statistically significant result was a decreased OR in the age group 60–79 in the univariable analysis (OR = 0.91, 95%CI 0.84–0.99).
Table 2Odds ratios and 95%CI for an acute cardiovascular event (excluding myocarditis) by study periods (risk vs. control) stratified by age group–conditional logistic regression models


	 	Unadjusted model
	Adjusted model1

	Age group
	Odds ratio of study period (95%CI)
[Risk vs. control]
	P value
	Odds ratio of study period (95%CI)
[Risk vs. control]
	P value

	0-29y2
	1.64 (0.77–3.46)
	0.20
	 	 
	30-59y
	1.03 (0.90–1.17)
	0.68
	1.19 (0.79–1.79)
	0.40

	60-79y
	0.91 (0.84–0.99)
	0.04
	0.88 (0.67–1.15)
	0.34

	80 + y
	0.95 (0.83–1.07)
	0.38
	0.80 (0.52–1.25)
	0.335


1Each line represents the results of an age-specific model, adjusted for sex, previous cardiovascular morbidity and seasonal risk
2Could not include covariates due to small number of cases (N = 29)
Bold font denotes statistical significance at p < 0.05



The sensitivity analyses which included only vaccinees with no previous cardiovascular morbidity in the last 10 years, and the one that extended the follow up period to 100 days, showed results that were similar to those of the main analyses (data not presented). The sensitivity analysis which included also myocarditis cases, showed a statistically significant increased risk in the younger age group (0-29y): unadjusted OR = 3.8, 95%CI 2.3–6.3. The results of the analysis focusing on acute cardiovascular events subsequent to the 3rd vaccine followed those of the main analysis: OR in univariable model = 0.96 (95%CI 0.89–1.03), p-value 0.28, and OR in multivariable model = 1.08 (95%CI 0.85–1.38), p-value 0.53.

Mortality analysis
Of the total of 1,815 death events observed in days 0–60 following 2nd vaccine dose administration, 540 occurred during the risk period (within 30 days of vaccine dose administration) while the rest (N = 1,275) occurred in the control period (31-60d following vaccine administration). Figure 2 shows the distribution of daily mortality since 2nd vaccine dose administration by study period. The striking differences between the two periods raised concerns regarding the validity of the results, thus we applied several sensitivity tests to clarify this concern. In Figure S1 we extended the follow-up to 180 days from the 2nd vaccination. Clearly, mortality increased steadily from the day of vaccination to about 50 days, after which the number was relatively stable and did not return to the low level seen immediately after vaccination. The peaks occurring after 50 days may be due to seasonality in the year as most people were vaccinated in January-February 2021.
[image: ]
Fig. 2Distribution of mortality events following administration of the 2nd Pfizer COVID19 vaccine dose by study periods


As a further sensitivity check, we compared the risk of death among vaccinated subjects in the risk and the control periods (of 50 days each) with the average population mortality rate in 2019 (Table S1). In the risk period, the RR for the vaccinees was 0.25–0.35 whereas in the control period it was higher (0.55–0.66) but still less than 1.
Last, we looked at a histogram for the 3rd vaccination (Figure S2), which showed a pattern similar to that of the 2nd vaccination, with an increase in the occurrence of death up to day 50 following vaccination, and stable numbers with occasional peaks afterwards.
Since our sensitivity tests were more supportive of the possibility of a bias than of other explanations, we did not analyze the mortality results further.


Discussion
The current SCCS study, based on Israel national databases, examined whether risk for acute cardiovascular events (excluding myocarditis) and mortality within 30 days of administration of the 2nd Pfizer vaccine dose against COVID19, was higher than the risk during the next 30 days. The results indicated that there were no substantial differences with respect to acute cardiovascular events (excluding myocarditis), even after accounting for potential moderators. Mortality data raised no concerns either as the number of events was low in both study periods, but since a potential bias has not been ruled out, no firm conclusions could be drawn.
Acute cardiovascular events (excluding myocarditis)
Our results with respect to acute cardiovascular events (excluding myocarditis) are in accordance with a recent meta-analysis which focused on cardiovascular safety of these vaccines in real-world studies [25]; the authors reported no increased risk for myocardial infarction (risk ratio, RR = 0.98, 95%CI 0.87–1.09) or arrhythmia (RR = 0.98, 95%CI 0.84–1.12) following COVID19 vaccination. They did disclose increased moyocarditis occurrence, especially following 2nd and 3rd vaccine doses and in mRNA vaccines [25]. Another retrospective cohort study (with over 220,000 participants) focused on thrombotic outcomes in COVID19 vaccinees, and its results supported the safety of mRNA vaccines with respect to such events [26].
Several former SCCS studies from different countries, using different outcome definitions and follow up periods, largely reported similar results. A French SCCS, focusing on pulmonary emboli, acute MI, hemorrhagic or ischemic stroke in COVID19 vaccinees aged < 75y, found no association with the administration of mRNA COVID19 vaccines during a 21d follow-up [17]. In New Zealand, a SCCS study design was used to assess the risk for different thromboembolic events following the administration of Pfizer COVID19 vaccine during a 21d follow-up. The researchers reported no risk differences, even when stratified by ethnic origin [21]. Furthermore, a SCCS study from Hong-Kong which focused on high-risk individuals with known cardiovascular disease and explored a composite outcome of acute MI, stroke, revascularization and cardiovascular death, reported no evidence of an increased risk of these events after vaccination with Pfizer COVID19 vaccine [19]. These conclusions were further consolidated by a recent Israeli SCCS study, based on the dataset of the Clalit healthcare fund which covers around 50% of the Israeli population [22]. The study population included individuals at risk for COVID19 complications (e.g., aged 60 years or older, pregnant women, residents in nursing homes, and people with particular medical conditions such as chronic lung disease, chronic renal failure, hypertension and chronic heart failure) and focused on booster doses of the Pfizer vaccine. Primary outcome measures were the cumulative number of non-COVID19 hospitalizations and the cumulative number of non-COVID19 cardiovascular hospitalizations (including, among others, thromboembolic events and stroke, acute MI, arrhythmias, cardiac failure and myocarditis). Follow-up periods were 7d, 14d, 28d and 42d following vaccination, and the analyses were stratified by vaccine dose (first or second monovalent booster or first bivalent booster). No signal was identified in any of these analyses, and the authors concluded that these results further reassure the safety of the vaccine in high-risk individuals [22].
Thus, most current evidence, including this study, support the null hypothesis of no substantial differences in the probability for acute cardiovascular events (excluding myocarditis) between the risk and the control periods following vaccine administration. Myocarditis is an exception, and this fact is also supported by our sensitivity analysis, which did indicate a signal for the younger age group when myocarditis was included as an additional outcome.

Mortality
The question of potentially higher risk for all-cause mortality in the short-term following administration of the 2nd COVID19 Pfizer vaccine dose could not be fully settled in this study.
Our results indicated a much lower risk for mortality in the short-term following vaccination, which increased and stabilized in the control period. Such results may suggest (i) a potential bias; (ii) a dramatic decrease during the risk period, followed by returning to normality in the control period; (iii) normality during the risk period, followed by a dramatic increase in the control period. The pattern observed– i.e., an increase over approximately 2 months followed by stable numbers afterwards - is more consistent with a healthy vaccinee effect [27] than with the option of a dramatic change in mortality. Furthermore, if vaccination dramatically increased mortality in the longer run, then one would expect to see a relative risk of greater than 1 for the control period, which– based on our sensitivity analysis comparing mortality rates in 2021 and 2019– was not the case. Therefore, a bias cannot be ruled out. The healthy vaccinee effect (similar to the better-known healthy worker effect) occurs due to persons who are not feeling well failing to attend their vaccination appointments. This phenomenon was strengthened by the Israel MoH’s regulation that prevented sick people from receiving the vaccination. The fact that the sensitivity analysis referring to 3rd dose vaccinees showed a similar pattern, further support this assumption. In fact, the healthy vaccinee effect is now well documented in the literature. For example, Høeg et al. [28] in their discussion, warn of the bias arising from the use of the newly vaccinated as controls, due to this effect. In our study, this effect continued up to 50 days post vaccination.
Two former publications implied that COVID19 vaccines may be associated with higher risk for cardiac arrest [15] or cardiovascular mortality [16], fueling public concerns through scientific, popular and social media. The 2022 ecological study by Sun et al. [15] relied on a 2019–2021 dataset from the Israel National Emergency Medical Services and disclosed an increase of over 25% in calls due to cardiac arrest and acute coronary syndrome in 16–39y old subjects during January–May 2021, compared with the years 2019–2020. The authors reported that weekly emergency call counts were significantly associated with the rates of the 1st and 2nd vaccine dose administered to this age group but not with COVID19 infection rates; however, these associations were purely ecological. Furthermore, the validity of the recorded main reason for these calls is unknown, and the study dataset excluded other emergency services in Israel [15]. It should also be mentioned, that no increase in sudden cardiac death in the young age group was noted during this time period in Israel, based on national data. Sun et al.‘s [15] results were not replicated by another ecological study which relied on national databases and looked at out-of-hospital cardiac arrest (OHCA) in young people (1-50y) in Victoria, Australia [20]. The main results did not demonstrate increased rates of overall OHCA, myocarditis causing OHCA, or unascertained OHCA during the pandemic or after the introduction of COVID19 vaccination. Furthermore, causes of death in young people experiencing fatal OHCA within 30d of their COVID19 vaccination (any dose) were consistent with pre-pandemic causative profiles for this age group [20].
The SCCS report published by the Florida Health Department [16] indicated no differences in all-cause mortality in the first 28d following vaccination as compared to the control period, but rather a statistically significant mortality reduction in participants aged 60 + y (relative incidence = 0.97, 95%CI 0.94–0.99). On the other hand, cardiac-related mortality risk was significantly higher during the risk period for males (relative incidence = 1.09, 95%CI = 1.03–1.15) but not for females, and this effect was mostly seen for mRNA vaccines (male relative incidence = 1.11, 95% CI = 1.05–1.18) [16]. However, this report was not published in a peer-reviewed journal. A recent meta-analysis used three different SCCS publications on all-cause and cardiac-related mortality following COVID19 vaccination [29]. While the pooled hazard ratio (HR) revealed no significant association of COVID19 vaccination with all-cause mortality (HR = 0.89, 95%CI 0.71–1.10), the pooled HR for cardiac-related mortality was significantly increased (HR = 1.06, 95%CI 1.02–1.11), mainly in males [29]. Interestingly, these results were mostly driven by the Florida’s Health Department report [16], since the other two SCCS studies included in this meta-analysis [30, 31] showed no increase in mortality risk in the short-term period following COVID19 vaccine administration; the Italian SCCS study [30] focused on mRNA vaccines only and showed no increase for all-cause mortality on days 3,7,14 and 30 following vaccine administration [30] while the British SCCS study [31] focused on several types of COVID19 vaccines, and disclosed no significant increase in all-cause or cardiac mortality in the 12 weeks following COVID19 vaccination [31]. Thus, despite our inability to draw clear conclusions on mortality following Pfizer mRNA COVID19 2nd vaccine dose, the current scientific evidence mostly supports no such association, and our results raise no concerns regarding increased mortality in the shorter and longer-term following vaccine administration.
Our study has several limitations. First, the follow up period spanned only 60 days following vaccine administration thus potential effects that may have occurred later than that were not captured. However, adverse effects of vaccines are usually expected to present earlier, not later, and our sensitivity analyses, which extended the follow up periods on both outcomes, did not show postponed effects. Second, we focused on the 2nd vaccine dose only. However, assessment of 3rd dose vaccinees in sensitivity tests showed very similar results. Another limitation of the current study is that we only had data on acute cardiovascular events which caused hospitalizations. Having said that, it should be kept in mind that most serious effects do require hospitalization. In addition, our outcome data were based on hospital ICD-9 diagnoses codes, without further verification in patients’ files. Nevertheless, since this methodology was equally used in both study periods, potential misclassifications are not expected to be differential. Furthermore, we introduced only few potential moderators into our models due to lack of information on others. However, the inherent SCCS study design reduces confounding by time-insensitive covariates. Additionally, we cannot rule out potential biases. Firstly, there is an inherent bias due to death being a one-time event. While an acute cardiovascular event may occur prior to the designated follow-up time, and also in both the risk and the control periods, death occurs only once and this occurrence prevents any other. However, since death is a relatively rare event, we do not expect this bias to be large. On the other hand, a potential healthy vaccinee effect, indicating a lower mortality rate among vaccinees vs. non-vaccinees for reasons other than the administration of the vaccine itself, may be more relevant and cannot be ruled out [27, 28]. Last, we had no information of specific death causes, since the relevant data for the year 2021 were not available in Israel at the time of the study.
On the other hand, the study has some advantages too. A strength of the study is it analyzes short-term cardiovascular events and mortality data in a controlled manner, based on the total population in Israel and on national validated databases. Its design accounted for potential confounding by time-insensitive individual covariates, such as comorbidities, and we were able to include moderators such as former cardiovascular hospitalizations and seasonal risk in our models. Last, we were able to exclude COVID19 positive individuals, thus reducing potential confounding by acute infection and by Long-COVID19 status.


Conclusions
In this SCCS study, based on national databases, we found no differences in risk for an acute cardiovascular event (excluding myocarditis) in the early (2-30d) compared to the later (31-59d) time period following administration of the 2nd dose of the Pfizer COVID19 vaccine. Mortality data raised no concerns either, but may have been prone to bias. The findings of this study, undertaken by an applicative research unit in the Israel MoH in order to support policy recommendations, complete the information provided by a former Israeli study focusing on booster vaccine doses [22], and both studies further assure the safety of this vaccine. Subsequently, the current Israeli MoH recommendations are in favor of COVID19 booster vaccination.
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