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Abstract

Excess mortality has been observed in several countries since 2021 and has not yet been explained. The aim of this
study was to determine whether the age-adjusted mortality rates of non-COVID-19 deaths differed between those who
had received one, two, three or four doses compared with the unvaccinated. Data were obtained from the Office for
National Statistics of England and categorized by age groups and vaccinations status (unvaccinated or 1 - 4 doses,
given at least 21 days previously). Rates among the unvaccinated were used as a benchmark, assuming that COVID-19
vaccination should have no positive or negative effect on the age-adjusted non-COVID-19 mortality rate. The age-
adjusted non-COVID-19 mortality rate was higher in all age groups who have received dose 1, but mainly in the elderly.
The age-adjusted non-COVID-19 mortality rate also peaked in all those who have received dose 2, mainly in the elderly.
Interestingly, age-adjusted non-COVID-19 mortality has a tendency to peak across age groups following the age-
dependent timing of vaccination campaigns, both in the first and second vaccination rounds. A fourth finding was the
substantially higher age-adjusted non-COVID-19 mortality rates in the 18 – 39 age group among those who had
received dose 4. Relevant comorbidities among the vaccinated population may explain the differences (healthy non-
vaccinee bias), but these data were not available. Although a causal relationship between excess mortality and
vaccination against COVID-19 cannot be established, a higher age-adjusted non-COVID-19 mortality rate among the
COVID-19 vaccinated in several age groups was found, that, together with vaccination timing associated mortality
peaks require further research.
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Introduction

Since 2021, excess mortality has increased and remains high in several countries.1 ,2 In Germany, excess deaths
reached 34,000 in 2021 and 66,000 in 2022.3  This increase was unexpected.4  It was speculated that an inadequate
vaccination level might be the cause.4 A further analysis showed that excess mortality in Germany was positively
correlated with COVID-19 infection in 2020. However, a significant positive correlation was observed between the
increase in excess mortality and the COVID-19 vaccination rates of the 16 German federal states in 2021 and 2022.5  In
Cyprus, one study reported a lack of association between vaccination rates and excess mortality,6 whereas another
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study described that excess mortality increased and was particularly high in 2021 and 2022.7 Economidou et al. raised
serious concerns about the potential impact of the COVID-19 vaccination campaign and other causes of mortality.7  In
contrast, in Israel, a cohort of the COVID-19 vaccinated population showed a similar all-cause mortality rate in 2021
compared with the average mortality rate between 2017 and 2019, suggesting no effect of the COVID-19 vaccines on
non-COVID-19 mortality, although no distinction was made between the doses of vaccine given.8

Excess mortality is often described as a finding that occurs despite high vaccination coverage,9 suggesting that the
vaccination itself is only expected to reduce overall mortality. Faust et al. reported that between January 2020 and July
2022 excess mortality and the number of new COVID-19 cases were decoupled,10 suggesting that causes other than
COVID-19 may explain the excess mortality.

In 2021, the possible association between vaccination and excess deaths has been raised,11 but the hypothesis that
COVID-19 vaccines might kill some of the recipients was strongly rejected,12 although later in 2021 it was reported that
vaccine-associated deaths occur with all major COVID-19 vaccines.13 In June 2023, the German Federal Minister of
Health, Karl Lauterbach, was asked in the parliament whether the excess mortality could be explained by the COVID-19
vaccines. He clearly stated that there was no evidence that the excess mortality could be caused by the vaccinations
administered, that there was no evidence for this and it was not medically plausible.14

The Office for National Statistics of England publishes the number of deaths and the age-adjusted mortality rates by
vaccination status and distinguishes between COVID-19-related deaths and non-COVID-19 deaths. The aim of this study
was to find out whether the age-adjusted mortality rates of non-COVID-19 deaths differed between those who had
received one, two, three or four doses and those who had not been unvaccinated.

Methods

The study did not have a pre-registered protocol. The data were obtained from the Office for National Statistics of
England, where they are freely available.15 The analyses were exploratory. To assess possible differences in non-
COVID-19 and COVID-19 mortality rates, the age-adjusted mortality rates were extracted by age group (18 – 39 years,
40 – 49 years, 50 – 59 years, 60 – 69 years, 70 – 79 years, 80 – 89 years and 90 years or older) and by vaccination
status (unvaccinated, vaccinated with one, two, three or four doses at least 21 days previously. The case numbers in
the category “vaccinated within the last 21 days” were also available, but lower and therefore prone to outliers, so that
the data analysis was restricted to those with a dose of vaccine given at least 21 days ago.

The age-adjusted non-COVID-19 mortality rate among the unvaccinated was set as the benchmark, assuming that
COVID-19 vaccination should have no positive or negative effect on the age-adjusted non-COVID-19 mortality rate,
resulting in similar rates in each age group regardless of the COVID-19 vaccination status.

Results

Benchmark rates of the COVID-19 unvaccinated

The age-standardized non-COVID-19 mortality rate per 100,000 was within a stable range in all age groups except the
cohort aged 90 years and older, that showed peaks in mortality in mid-winter 2021 and 2022 (Figure 1). It was between
22.9 and 70.5 in the age group 18 – 39 years, between 100.9 and 278.5 in the age group 40 - 49 years, between 369.2
and 740.6 in the age group 50 - 59 years, between 894.6 and 2,425.2. in the age group 60 - 69 years, between 2,646.4
and 5,862.0 in the age group 70 - 79 years, between 5,767.2 and 13,745.6 in the age group 80 - 89 years and between
16,441.3 and 30,234.8 among those in the age group 90 years or older. A higher non-COVID-19 mortality rate per
100,000 was found for those aged 60 years or over during the winter period, indicating a seasonality in the non-
COVID-19 mortality rate.
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Figure 1. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those not vaccinated against
COVID-19 in seven age groups, used as the benchmark below; data from the Office of National Statistics [15]

All age groups

The age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated ranged from 901.6 in
May 2023 to 1956.3 in April 2021 (Figure 2). It was higher, ranging from +580.9 to +4809.4, compared with the
unvaccinated in 25 of the 26 months among those who have received one dose of the vaccine. It was lower between
April and October 2021 ranging from -123.4 to -1249.7, and higher between November 2021 and January 2023, ranging
from +340.7 to +1522.2 among those who had received two doses of the vaccine. It was also lower between November
2021 and April 2022, ranging from -33.5 to -721.6, and higher between May 2022 and May 2023, ranging from +213.1
to +842.1 for those who had received three doses of the vaccine. And it was substantially higher in March 2022
(+1254.5) and between June and September 2022 (range between +714.1 and +1291.8) for those who had received
four doses of the vaccine.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated ranged from 46.1 in May
2023 to 649.0 in January 2022. It was mostly lower (range between 1.6 and 575.4) among all those ever vaccinated
(Figure S1).
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Figure 2. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 18 or older by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 18 – 39 years

In the age group 18 – 39 years, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19
unvaccinated ranged from 22.9 in May 2023 to 70.5 in December 2021 (Figure 3). It was higher, ranging from +11.0 to
+80.0, compared with the unvaccinated in 22 of the 26 months among those who have received one dose of the
vaccine. It was higher between April and August 2021, ranging from +3.5 to +39.7, and lower between September
2021 and May 2023, ranging from -0.8 to -35.1, among those who had received two doses of the vaccine. It was also
lower in all 19 months for those who had received three doses of the vaccine, ranging from -1.0 to -28.5. And it was
substantially higher in all 13 months for those who had received four doses of the vaccine (range between +57.2 and
+537.6).

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated ranged from 0.6 in May 2021
to 27.6 in December 2021. It was consistently lower (range between 0.5 and 8.8) among all those ever vaccinated
(Figure S2).
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Figure 3. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 18 – 39 years by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 40 – 49 years

In the age group 40 – 49 years, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19
unvaccinated ranged from 100.9 in May 2023 to 278.5 in June 2021 (Figure 4). It was higher (range between +76.5 and
+369.9) compared to the unvaccinated, in 23 of the 26 months among those who have received one dose of the
vaccine. It was higher (range between +2.2 and +19.4) in four months and lower (range between -2.4 and -162.6) in 22
months among those who had received two doses of the vaccine. It was also lower (range between -30.3 and -127.8) at
all 19 months for those who had received three doses of the vaccine. And it was substantially higher (range between
+68.9 and +732.4) in all 13 months for those who had received four doses of the vaccine.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated showed seasonality, ranging
from 5.1 in April 2021 to 134.1 in December 2021. With the dominance of the omicron variant in January 2022, age-
standardized COVID-19 mortality rate was low ranging from 5.0 to 57.0. It was mostly lower among all those ever
vaccinated until December 2021 (range between 2.8 and 37.9) but was in a similar range to the unvaccinated starting
with the dominance of the omicron in January 2022 (Figure S3).
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Figure 4. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 40 – 49 years by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 50 – 59 years

In the 50 – 59 age group, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated
ranged from 369.2 in May 2023 to 740.6 in April 2021 (Figure 5). It was higher (range between +4.8 and +1,080.7)
compared with the unvaccinated in 23 of the 26 months among those who have received one dose of the vaccine. It
was lower (range between -272.8 and -549.7) between April and November 2021, higher (range between +41.7 and
+404.0) in the following eight months, and close to the benchmark in the last ten months among those who had
received two doses of the vaccine. It was also lower in all 19 months for those who had received three vaccine doses
(range between -72.7 and -450.6). And it was substantially higher (range between +324.2 and +1,280.5) between April
and October 2022 and lower (range between -126.4 and -366.9) between November 2022 and May 2023 among those
who had received four doses of the vaccine.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated was higher until March 2022,
ranging from 28.7 in May 2021 to 327.9 in August 2021. After the dominance of the omicron variant, age-standardized
COVID-19 mortality rate was lower, ranging mostly between 11.2 and 27.0. It was mostly lower among all those ever
vaccinated until March 2022 (range between 2.5 and 214.0), but after the dominance of the omicron variant, it was in a
similar range to the unvaccinated (Figure S4).
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Figure 5. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 50 – 59 years by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 60 – 69 years

In the age group 60 – 69 years, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19
unvaccinated ranged from 894.6 in May 2023 to 2,425.2 in April 2021 (Figure 6). It was higher (range between +653.1
and +5,481.4) with a peak in the summer 2021 compared to the unvaccinated in 24 of the 26 months among those
who have received one dose of the vaccine. It was lower (range between -391.6 and -1,608.0) between April and
November 2021 and higher (range between +139.7 and +2,069.0) in the following 18 months among those who had
received two doses of the vaccine. It was lower (range between -170.5 and -1,120.6) between October 2021 and
October 2022 and close to the benchmark in the following seven months for those who had received three doses of the
vaccine. And it was higher (range between +196.6 and +2,416.2) between April and October 2022 and lower (range
between -259.5 and -716.0) between November 2022 and May 2023 for those who had received four doses of the
vaccine.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated was higher until January
2022, ranging from 100.2 in May 2021 to 787.7 in December 2021. After the dominance of the omicron variant, age-
standardized COVID-19 mortality rate was lower, ranging mostly between 42.7 and 145.7. It was mostly lower among
all those ever vaccinated until January 2022, but after the dominance of the omicron variant, it was in a similar range
to the unvaccinated, except for lower rates between February and September 2022 (dose 3) and for higher rates
between April 2022 and May 2023 (dose 1) (Figure S5).
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Figure 6. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 60 – 69 years by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 70 – 79 years

In the age group 70 – 79 years, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19
unvaccinated ranged from 2,646.4 in May 2023 to 5,862.0 in April 2021 (Figure 7). It was higher (range between
+1,396.4 and +20,329.3) compared to the unvaccinated in 25 of the 26 months, with a peak in the summer 2021
among those who have received one dose of the vaccine. It was lower (range between -965.0 and -3,864.3) between
April and October 2021 and higher (range between +788.5 and +10,250.9) in the following 19 months among those
who had received two doses of the vaccine. It was lower between October 2021 and October 2022 (range between
-965.0 and -3,864.4) with a peak in December 2021 and close to the benchmark in the last seven months for those who
had received three doses of the vaccine. It was substantially higher (+4,134.2) in March 2022, close to the benchmark
between April and October 2022 and lower (range between -746.4 and -1,818.4) between November 2022 and May
2023 for those who had received four doses of the vaccine.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated was higher until April 2022,
ranging from 114.1 in May 2021 to 1,972.8 in January 2022. After the dominance of the omicron variant, age-
standardized COVID-19 mortality rate was lower, ranging mostly between 108.9 and 444.7. For all those ever
vaccinated it was mostly in a similar range to the unvaccinated, except for lower rates between April and December
2021 (dose 2) and for lower rates between October 2021 and May 2022 (dose 3) (Figure S6).
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Figure 7. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 70 – 79 years by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 80 – 89 years

In the age group 80 – 89 years, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19
unvaccinated ranged from 5,767.2 in May 2023 to 13,745.6 in April 2021 (Figure 8). It was higher (range: +1,562.6 –
+35,931.3) with a peak in the early summer 2021 compared to the unvaccinated in all of the 26 months among those
who have received one dose of vaccine. It was lower (range: -1,969.7 – -9,636.7) between April and October 2021 and
higher (range: +2,358.8 – +22,336.8) between November 2021 and May 2023 for those who had received two doses of
the vaccine. It was lower (range: -1,791.0 – -5,581.5) between October 2021 and March 2022 and higher (range:
+1,920.1 – +8,722.8) between April 2022 and May 2023 for those who had received three vaccine doses. It was higher
between January and March 2022 (range: +2,961.2 – +8,130.7), lower in April (-5,239.2) and then approached the
benchmark level for those who had received four doses of the vaccine.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated was higher between August
2021 and April 2022, ranging from 1781.6 in March 2022 to 4,131.3 in January 2022. After the dominance of the
omicron variant, age-standardized COVID-19 mortality rate was lower, ranging mostly between 268.2 and 1,300.3. For
all those ever vaccinated it was mostly in a similar range to the unvaccinated, except for lower rates between April and
October 2021 (dose 2), lower rates between October 2021 and April 2022 (dose 3), and higher rates in January 2022
(doses 1 and 2) (Figure S7). Overall, COVID-19 vaccination was much less associated with the age-standardized
COVID-19 mortality rate per 100,000 than with the non-COVID-19 mortality rate per 100,000.
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Figure 8. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 80 – 89 years by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

Age group 90 years or over

In the age group of 90 years and older, the age-standardized non-COVID-19 mortality rate per 100,000 of the COVID-19
unvaccinated ranged from 16,441.3 in May 2023 to 30,234.8 in December 2022 (Figure 9). It was higher (range:
+1,009.8 – +56,184.6) compared to the unvaccinated in 25 of the 26 months among those who have received one
dose of the vaccine. It was lower (range: -3,347.7 – -13,535.1) between April and August 2021 and higher (range:
+458.8 – +39,592.1) between September 2021 and May 2023 for those who had received two vaccine doses. It was
lower (range: -285.5 – -11,949.3) between April and September 2021 and higher (range: +4,494.4 – +15,971.1)
between October 2021 and May 2023 for those who had received three vaccine doses. It was substantially higher in
January 2022 (+18,350.2) and March 2022 (+25,825.2), lower in April 2022 (-10,360.4) and then approached the
benchmark level for those who had received four vaccine doses.

The age-standardized COVID-19 mortality rate per 100,000 of the COVID-19 unvaccinated was higher between August
2021 and April 2022, ranging from 2,977.4 in September 2021 to 10,560.8 in January 2022. After the dominance of the
omicron variant, age-standardized COVID-19 mortality rate was lower, ranging mostly between 788.3 and 3,313.3. For
all those ever vaccinated it was mostly in a similar range to the unvaccinated, except for lower rates between April and
December 2021 (dose 2), lower rates between October 2021 and April 2022 (dose 3), and a higher rate in January 2022
(dose 2) (Figure S8). Overall, COVID-19 vaccination was much less associated with the age-standardized COVID-19
mortality rate per 100,000 than with the non-COVID-19 mortality rate per 100,000.
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Figure 9. Age-standardized non-COVID-19 mortality rate per 100,000 in England among those aged 90 years or over by
COVID-19 vaccination status; unvaccinated rates are used as benchmark; cases were included if a vaccine dose was
administered at least 21 days previously; data from the Office of National Statistics [15]

 

Discussion

To our knowledge, this is the first report of non-COVID-19 age-adjusted mortality rates according to COVID-19
vaccination status. The rates were expected to be in a similar range in each age group, assuming that there is no
association between the vaccination status and the non-COVID-19 mortality rates. However, this is not consistently the
case. Several striking patterns emerged.

First, the age-adjusted non-COVID-19 mortality rates among those who have received 1 dose of the vaccine were
mostly higher in all age groups. The most striking difference was found in those aged 70 – 79 years (maximum: 5.7-fold
higher), followed by those aged 80 – 89 years (maximum: 4.8-fold higher) and those aged 60 – 69 years (maximum:
4.2-fold higher). The highest peaks were typically found in the first three months between April and July 2021. A further
observation is that the peaks of elevated age-adjusted non-COVID-19 mortality rates appear to follow the vaccination
rollout described by the National Audit Office in February 2022,16 with peaks in May 2021 among those aged 80 years
or older, a peak in June May 2021 among those aged 70 - 79 year, and a delayed peak in July 2021 among those aged
50 – 69 years, providing further support for the COVID-19 vaccination as a possible cause of the elevated age-adjusted
non-COVID-19 mortality rates (Figure S9).

Another pattern is that the age-adjusted non-COVID-19 mortality rates after dose 2 show peaks in those aged 70 – 79
years (maximum: 3.6-fold higher; December 2021), those aged 80 – 89 years (maximum: 3.3-fold higher; January
2022), those aged 90 years or older (maximum: 2.6-fold higher; December 2021), and those aged 60 – 69 years
(maximum: 2.5-fold higher; January 2022). These results are supported by findings from Norway, where the vaccination
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campaign began in nursing home residents with the first vaccine-related death reported already on 4 January 2021.
The number increased to 142 deaths by May 2021. Autopsies were performed in May 2021 on 100 deceased nursing
home residents who died after receiving the COVID-19 vaccine, mostly 8 days after the injection. The average age was
87.7 years. In ten cases, the vaccination was probably the cause of death, and in 26 cases it was possibly the cause.
The researchers concluded that in some cases, the vaccination may have accelerated the process of death that had
already begun. They therefore recommended that the benefits and risks should be weighed carefully in each individual
case, even in elderly and frail people.17 In Germany, deaths after vaccination of residents were reported from several
nursing homes in the winter of 2021, but were not officially considered as potential serious adverse reactions. The
population groups with the highest non-COVID-19 mortality rates without vaccination, with highly elevated non-
COVID-19 mortality rates after dose 1, now also have a higher non-COVID-19 mortality rate after dose 2. Therefore, the
higher non-COVID-19 mortality may possibly explain a relevant proportion of the excess deaths during this period.

The results are not easy to explain. The first two patterns may be explained by the assumption that those who
preferred to not be vaccinated may have been very healthy, so that they thought they did not need the vaccine,
resulting in a healthy non-vaccinee bias, especially in the elderly. In the absence of co-variate data on comorbidities
and other variables that compare non-vaccinated with different dose vaccinated people, it is not possible to determine
if the differences can be explained by the vaccination status or the comorbidities in the vaccinated populations. The
results may also be explained by an vaccine-induced increased susceptibility to other diseases than COVID-19, which
has raised the demand already to study the non-specific effects of mRNA vaccines on the overall mortality in depth.18

However, it has been reported from Japan that after mass vaccination with the third dose of mRNA vaccines in 2022,
significant excess mortality was observed for all cancers and some specific cancers, including prostate cancer,
pancreatic cancer and breast cancer.19 This is unlikely to explain a higher rate shortly after a vaccination, but may
partly explain the increased rates associated with dose 3 in people aged 80 years and over from May 2022.

In rats, the mRNA vaccines mRNA1273 (Moderna) and BNT162b2 (BioNTech/Pfizer) were found to induce specific
dysfunctions of the heart. mRNA1273 caused induced both arrhythmic and completely irregular contractions, while
BNT162b2 increased cardiomyocyte contraction at the cellular level. Both changes can significantly increase the risk of
acute cardiac events and may therefore explain the excess mortality after vaccination20  and the increase in “sudden
unexpected deaths”. This may also partly explain the generally higher non-COVID-19 mortality rate in all age groups.
Vaccine-associated myocarditis has also been described to be potentially fatal,21 with most hospitalized cases of
myocarditis occurring among male adolescents.22

A third striking pattern are the higher age-adjusted non-COVID-19 mortality rates among those aged 18 – 39 years
(maximum: 16.7 times higher), which decreased with increasing age, as shown for those aged 40 – 49 years
(maximum: 5.7 times higher), those aged 50 – 59 years (maximum: 3.7 times higher) and those aged 60 – 69 years
(maximum: 3.4 times higher). An assumed “non-healthy vaccinee bias” is not evident to appear only after dose 3. We
currently have no medical explanation for this surprising finding. Moderna’s bivalent booster vaccine was approved in
the UK in August 2022, so that it may only explain the increased rates after August 2022, but not those between April
and July 2022.

Age-standardized COVID-19 mortality rates were mostly only lower among the ever vaccinated before the dominance
of the omicron variant. A lower vaccine efficacy against the omicron variant has been reported, which includes a lower
effectiveness against death.23 The comparison between the age-standardized non-COVID-19 mortality rates per
100,000 and the age-standardized COVID-19 mortality rates per 100,000 shows that both the level of non-COVID-19
mortality and the vaccine-associated increase in non-COVID-19 mortality were higher compared to the COVID-19
mortality and the vaccine-associated decrease in COVID-19 mortality, suggesting an overall negative benefit-risk-
evaluation for the COVID-19 vaccines regarding mortality.

However, our analyses have relevant limitations. First, we were unable to adjust for comorbidities, sex, socioeconomic
and other risk factors that affect mortality risk in the general population. In addition, it is possible that vaccinated and
unvaccinated individuals may have different age distributions (even more so in the upper age stratum), and thus this
crude age adjustment does not fully adjust for age.

Second, there may also be an important selection bias, especially among the elderly. Some of those who died may
have been so ill that they were unable or unwilling to receive a second dose if they were thought to be terminally ill, or
if they were unable to tolerate the first dose because of their general weakness. People with two doses may have had,
on average, more comorbidities than the unvaccinated. The older people who chose not to be vaccinated may have
been mostly healthy. Although this is only speculation, it may provide an alternative explanation for the increased age-
adjusted non-COVID-19 mortality among those who received the COVID-19 vaccine.
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Third, selection biases such as the healthy vaccinee type or, conversely, healthy non-vaccinee type, may also have
affected the results. This type of bias is different among countries, settings, time periods, and health systems. For
example, countries like Israel, Austria and USA have documented mostly healthy vaccinee bias rather than healthy
non-vaccinee bias.24 ,25 ,26  Possibly the results presented here may be explained by a healthy non-vaccinee bias.

Fourth, it is possible that COVID-19 and non-COVID-19 deaths were misclassified to an unknown extent. However, the
possible effect of misclassification on the overall results cannot be predicted.

In 2022, an estimate of 18.2 million COVID-19 deaths worldwide was made for the years 2020 and 2021, despite a
number of confirmed COVID-19-associated deaths of 5.9 million. It is important to note that the number of "confirmed"
COVID-19-associated deaths is likely to be overestimated because of the April 2020 guidelines from the WHO.27  It
states: “With reference to section 4.2.3 of volume 2 of ICD-10, the purpose of mortality classification (coding) is to
produce the most useful cause of death statistics possible. Thus, whether a sequence is listed as ‘rejected’ or
‘accepted’ may reflect interests of importance for public health rather than what is acceptable from a purely medical
point of view. Therefore, always apply these instructions, whether they can be considered medically correct or not.”
This invites the non-medically correct attribution of a death to COVID-19 if it is judged to be "in the interest of public
health". The April 2020 guidelines also state that “a manual plausibility check is recommended for certificates where
COVID-19 is reported, in particular for certificates where COVID-19 was reported but not selected as the underlying
cause of death for statistical tabulation.” In The Netherlands it has been argued that strict compliance to these WHO
guidelines may have contributed to a overreporting of COVID-19 deaths.28

 

But regardless of the unanswered questions about confirmed COVID-19 deaths, the even higher estimate of 18.2
million COVID-19 deaths worldwide was based on total excess mortality, although there is no evidence to support the
simplified approach of considering total excess mortality as COVID-19 mortality.29 Based on the results of this study, it
seems reasonable to assume that an unknown proportion of the additional 12.3 million deaths may be explained by the
COVID-19 vaccination starting in 2021, based on the substantially higher age-adjusted non-COVID-19 mortality rates
after dose 1 between April and December 2021 among those aged 50 years and older. This assumption is further
supported by the finding that the participants of the phase 3 randomized controlled trial of BNT162b2, when followed
up for 6 months instead of 20 weeks as previously published after completing the vaccination,30 found 21 deaths
among the vaccinated and 17 deaths among the unvaccinated.31 The authors found evidence of an over 3.7-fold
increase in number of deaths due to cardiac events in the BNT162b2 vaccinated individuals compared to those who
received only the placebo. In addition, a fatal case post vaccination has been reported who still had vaccine in the right
ventricle including multiple healing myocardial injuries dating two to three weeks prior to death and overlapping with
the time of application of the second vaccine injection 19 days prior to death.32

We acknowledge that the excess deaths are subject to many uncertainties and that causal explanations require great
caution.33  However, despite the many uncertainties, it should be considered that the COVID-19 vaccines may have
contributed to the excess mortality, to whatever extent.

Conclusions

Although a causal relationship between excess mortality and vaccination against COVID-19 has not been firmly
established, a higher age-adjusted non-COVID-19 mortality rates among the COVID-19 vaccinated in several age
groups was found that requires further research
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[A] Kampf and Fornerod examine age-adjusted non-COVID-19 mortality rates according to the COVID-19
vaccination status using data from England covering the period from April 2021 to May 2023. I have not been
able to verify the raw numbers and I advise the authors to examine them again as there are often updates and
revisions in these datasets. Also I understand that the study did not have a pre-registered protocol and the
analyses are exploratory – if so, this should be stated. Some other aspects of the analytical design are not
reported and adherence to STROBE guidelines may improve the manuscript.  It should also be explained why only
England data were used and not other parts of the UK and/or other countries, where hopefully some similar data
can be retrieved. Also why were the first 4 months of the vaccination campaign excluded from analyses.  

[B] Assuming the raw numbers are correct, the authors observe that the age-adjusted non-COVID-19 mortality
rate was higher in COVID-19 vaccinated groups. For doses 1 and 2, the relative increase was highest in the
elderly, while for the dose 4 the relative increase was highest in the young (18-39 years old) stratum. The authors
then proceed to speculate about various explanations for these observations and many of them center on the
possibility of death risk increase related to the COVID-19 vaccines. I find these interpretations very erratic, given
that everything that they observe can be readily explained with much anticipated, commonplace selection
biases, mostly of the “healthy non-vaccinee bias” type (but also some “healthy vaccine bias”) in these specific
data.  I do worry that some people may read the discussion and treatment of the results by Kampf and Fornerod
and be misled into thinking that COVID-19 vaccines are responsible for a sizeable part of the excess mortality
seen in many countries.

[C] Specifically, all the mortality estimates presented in the paper use only age-adjustment, since only age
grouping was available (unclear why gender was also not used, since it must have been readily retrievable). This
leaves out all the comorbidities and socioeconomic and other risk factors that largely shape mortality risk in a
general population. Even the age-adjustment may be not perfect, since it includes very crude age groups where
the upper versus the lower end of each age bracket may differ several fold in mortality risk. Thus even within the
same age bin, vaccinated and unvaccinated individuals may have different age distributions (even more so in the
upper age stratum) and thus this crude age adjustment does not fully adjust even for age. This is obvious even in
the benchmark group, the unvaccinated cohort, where the authors claim that the age-adjusted rates are stable
over time, but in fact there are easily 2- and 3-fold differences across different time periods, meaning that the
composition and risk factor profile of the unvaccinated group itself changes substantially over time. Besides bias
due to simple selection/choice to vaccinate, potential survivorship biases and harvesting effects may all
intermingle to create very complex patterns that cannot be dissected simply by the group-level information
available to Kampf and Fornerod.  

[D] I wonder whether at least one could obtain information on nursing home status and stratify further
accordingly. If so, some further adjustment/stratification for this may modestly improve the situation. Still, large
proportions of the risk variance for death risk remain unaccounted and, rationally, one has to assume that any
differences in non-COVID-19 deaths may be simply due to such unaccounted differences. Any other complex
interpretation is quite implausible compared to this one based on plain Occam’s razor considerations.

[E] For example, it is probably not surprising that people who receive just a single dose are at the highest risk,
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especially if they are elderly. One may speculate: perhaps many of them who died were so sick that they could
not even get a second dose or did not want to get one if they were considered to have terminal disease or if they
had a poor tolerance of the first dose given their overall debilitation – impossible to tell exactly what happened
without having granular data on individuals and their risk profiles. People with two doses may also have more
comorbidities on average than the unvaccinated, especially among the elderly. The elderly who decided to be
unvaccinated were probably mostly very healthy. The selection biases can be complex, nevertheless. E.g. based
on Figure 2, for 2 doses and 3 doses, it is probable that the first months witnessed mostly a healthy vaccinee bias
(perhaps due to eager healthy people who wanted to get quickly vaccinated) but then this shifted to mostly non-
healthy vaccine bias. As for the 4th dose, young people who decided to take a 4th dose may have included most
of those who had serious comorbidities and strongly wished to get some extra protection.  Again, one needs to
have granular, individual level data to validate diverse speculations and make meaningful inferences.  

[F] In all, I see nothing that is not possible to explain with selection biases in the England data. Of course,
selection biases of the healthy vaccinee or, conversely, healthy non-vaccinee, types may not be the same in
different countries, settings, time periods, and health systems. For example, other countries like Israel, Austria
and USA have documented mostly healthy vaccinee bias rather than healthy non-vaccinee bias [1,2,3]. However,
attributing these results and patterns not to these commonplace biases but to harmful or beneficial vaccine
effects is a dangerous fallacious stretch. Better vaccine pharmacovigilance is definitely needed to understand any
potential vaccine harms, but strong mortality extrapolations based on such data cause confusion and probably
only show bias against vaccines. Furthermore, the authors do not even restrict themselves to COVID-19 vaccines
in the discussion, but also cite selectively data on some other vaccines.

[G] Some other issues also create major problems in these analyses. First, there can be misclassification between
COVID-19 and non-COVID-19 deaths. The impact on the types of analyses presented here is unpredictable.

[H] Second, a more appropriate approach would be to use time-to-event analyses with vaccination doses as
variables introduced at time t=21 (or whatever is considered appropriate for a time window, even this can be
contentious) instead of the crude age-adjustment comparison used here.

[I]Third, the whole discussion about excess deaths and the effort of the authors to raise the possibility that
vaccines may have accounted for so many excess deaths is unrealistic. I sympathize with the authors that
estimates of excess deaths are speculative and that attributing them mostly, if not entirely, to COVID-19, is
probably very wrong. Moreover, it is likely that these estimates are inflated and the true excess deaths are
substantially lower [4]. Non-COVID-19 deaths due to disruption of health care (sometimes due to measures
taken), increase in drug use and overdose, alcohol, violence, mental health, poor cancer care and more may be
key contributors to some of the excess deaths not accounted by COVID-19 deaths. In poor countries and in
marginalized populations, starvation and devastation in vulnerable populations may also have contributed. But
claiming that vaccines killed large numbers of people is implausible. This does not exclude that some adverse
effects from vaccines may have resulted in some deaths. However, the scale of numbers of vaccine-related
deaths, based on what we know (and what even the authors cite in the discussion, if the respective papers are
read more carefully) is probably many log-scales lower than the excess deaths documented in 2021-2023.

[J] In all, I worry that a reader of this paper may start suspecting that COVID-19 vaccines killed millions of people.
It is far more likely that they saved several millions of people. Probably not as many as are sometimes touted –
but still a major beneficial contribution. More accurate estimates will require much better, detailed individual-
level data and careful approaches to the problem. Even with the best possible data, some uncertainty will remain,
given the observational nature of these datasets. Moreover, it is important to have granular, rich data on
individual characteristics to understand also the duration of life gained or life lost rather than the simplistic lives
saved or killed by adverse events. Eventually, the truth about COVID-19 vaccine effects may be somewhere
between the extremes presented by zealot enthusiasts and zealot skeptics. Extreme interpretations will need to
be tamed in order to try to understand the risk-benefits in different age groups, time periods, and settings.
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It is not surprising that we see excess mortality following the pandemic lockdowns. Since lockdowns disrupted
regular medical care, we should expect to see worse health outcomes down the road, including excess mortality.
For example, cancer detection and treatment were interrupted during the lockdowns, and that is expected to
have long-term negative impact on cancer survival. If not, we are wasting medical resources on useless cancer
care.

Other things may also contribute to the post-pandemic excess mortality. Adverse reactions to the Covid vaccines
have been suggested as one possible cause. Modelling studies have come to widely varying conclusions about
the total number of lives saved or killed by the vaccines, ranging from 19.8 million saved [1] to 17 million killed
[2]. There is enormous uncertainty in such estimates, due to their use of aggregated ecological data,
questionable modelling assumptions and unreliable parameter estimates. Trying to make such worldwide
estimates may be futile when we don’t even have proper randomized clinical trials (RCTs) to tell us whether the
vaccines reduced mortality, as they were only designed to evaluate the efficacy at reducing symptomatic
disease. The closest we have are pooled RCT data, with 95% confidence intervals showing that the adenovirus
vector vaccine reduced overall mortality by somewhere between 30% and 81%, while the mRNA vaccines caused
somewhere between a 37% decrease and a 71% increase in mortality [3]. This was for the mostly young
population enrolled in the RCTs. There are no RCT estimates for older adults, who were at the highest risk of
Covid mortality.

With the lack of RCT data, and the inherent weakness of aggregated data, we must use individual observational
data. There is evidence that the vaccines reduce Covid mortality among older people [4]. To get a complete
picture, it is also important to look at the potential effect on non-Covid mortality using individual data. Even if the
vaccines saved millions of people from dying from Covid, it is important to know if they caused serious adverse
reactions or non-Covid deaths. This is what Kampf and Fornerod have explored using public data from England
(Kampf and Fornerod, 2025). Importantly, they have done this for different age groups and different number of
vaccine doses.

The most interesting and striking observation is that during the spring and summer of 2021, the age-adjusted
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non-Covid mortality rate was more than twice as high among those with only one vaccine dose compared to the
non-vaccinated, while it was less for those who had two doses compared to the non-vaccinated. What could
explain this curious finding?

One possible explanation is that the first dose of the vaccine causes a fatal adverse reaction in some individuals.
If they survive the first dose though, it could mean that they are resistant to the fatal adverse reaction. It’s like a
situation with a bunch of swimmers and non-swimmers. Those that cannot swim will drown the first time you
throw them in the water. If you throw the survivors in the water a second time, they will all survive since they
have already proven that they can swim. Those that survive the first dose may also be generally healthier so that
they have lower non-Covid mortality than the unvaccinated.

A second possible explanation is that it is not due to the vaccine but to underlying health differences in the
different vaccine groups, since this is not a randomized study. If healthy people are more likely to be vaccinated,
there is healthy vaccinee bias, which could explain that those with two doses have lower non-Covid mortality
than the unvaccinated. On the other hand, if frail patients in for example nursing homes are more likely to be
vaccinated, the bias could explain that those with one dose have higher non-Covid mortality than the
unvaccinated. What’s curious with these data is that to explain both results, there must be both a health
vaccinee bias and a non-healthy vaccinee bias.

Primarily descriptive in nature, the results by Kampf and Fornerod need to be taken very seriously and further
investigated. While there is no statistical significance testing or confidence intervals, the results are too
consistent over time and age groups to be generated by chance.

To examine these data further, it is necessary to consider different vaccine brands. With different dose
recommendations, as well as timing between doses, biases could operate in different directions for the different
Covid vaccines. It is also necessary to look at the mortality data by cause of death. If the excess non-Covid
mortality is due to one or more of the vaccines, it is likely to be manifest itself for only a few disease outcomes.
On the other hand, if the results are due to healthy or unhealthy vaccination bias, one may expect the difference
to be manifested across a wide variety of unrelated diseases.

My understanding is that such further analyses cannot be done using the data that is publicly available. In their
important study, Kampf and Fornerod have done what is possible to do with the public data. Further analyses
require permission from the data holders.
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Günter Kampf, Maarten Fornerod

Many thanks for the helpful comments that have helped to improve the quality of the manuscript.

Response to Peer Review by John P.A. Ioannidis

[A] The data were uploaded from the official homepage on May 29, 2024, which is approximately one year after
the latest time point described in the table. That is why we think it is rather unlikely that one year later data were
updated. That the analyses were exploratory without a pre-registered protocol is now stated in the method
section. Data from England were used because the dataset only included data from England. Other sources or
data from other parts of the UK were not available at that time. The first 4 months of the UK vaccination were not
included by the Office for National Statistics. That is why it was not possible to include in the analyses.

[B] The aspect of a possible healthy vaccine bias has been added to the discussion.

[C] That is correct. Other risk factors are not described, neither in the manuscript nor in the underlying datasets,
so that an adjustment to the comorbidities and socioeconomic and other risk factors could not be done by us.
This is certainly a relevant limitation of the analyses. At the same time, however, the COVID-19 age-adjusted
mortality did not show major deviations according to the vaccination status although the same limitations apply
such as lack of adjustment to the comorbidities and socioeconomic and other risk factors. If we assume that the
higher non-COVID-19 age-adjusted mortality among the vaccinated is primarily explained by comorbidities and
socioeconomic and other risk factors, would it not be plausible to assume that a similar finding is observed for the
COVID-19 age-adjusted mortality? But this was not the case. Nevertheless, we included a paragraph in the
discussion to explain the major and relevant limitations as suggested by the respected reviewer.

 

[D] The official data do not provide additional information on the nursing home status. That is why it was not
possible to stratify the data accordingly.

[E] These are certainly interesting aspects of relevance. We have added them in the discussion to expand the
discussion to other possible explanations for the non-COVID-19 morality rates.

[F] Many thanks for the comment. We have added a short paragraph to the discussion. The last two paragraphs
of the discussion about other vaccines have been deleted.

[G] Misclassification is always possible, that is correct. We have added this aspect to the discussion.

[H] Unfortunately, this type of analysis was not possible based on the available data.

[I] We have added this relevant aspect briefly at the end of the discussion including the suggested reference.

[J] We agree. It is not the intention to speculate that COVID-19 vaccines could have killed millions of people.
However, in many countries, it seems to be unmentionable in public that the vaccines may have contributed to
even a little to the overall excess mortality observed in many countries in recent years. No possible cause should
be excluded per se when looking for explanations for excess mortality.

Response to Peer Review by Martin Kulldorff
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We agree that there is enormous uncertainty in estimates of post-pandemic excess mortality. The possible
explanations for our findings are now included in the discussion, as suggested by both reviewers. We agree that
causality remains unknown, as now clearly described at the end of the discussion. We also agree that further
stratified analyses are warranted.
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John P.A. Ioannidis, Stanford University, jioannid@stanford.edu

Kampf and Fornerod have made several revisions based on my previous comments and I thank them for these
changes. However, they have been unable to address any of the fundamental concerns that I had. They have not
performed any new, substantive analyses, since they are limited by the lack of availability of relevant data.
Despite a most welcome addition of limitations in the Discussion, their analysis continues to be a very crude
probe with extremely limited ability to perform any proper adjustments. Its credibility therefore in making any
causal inferences is close to zero.  I continue to disagree strongly with the overall discussion offered by the
authors on their findings. Their use and reading of the literature are extremely selective. They try to imply that
their data suggest that vaccines may have been responsible for a considerable portion of the observed excess
deaths, which is a fundamentally unfounded conclusion.  I dissect here their Discussion, because even though it
is egregiously biased, these points are useful to highlight as they represent popular false arguments that are
often raised especially in social media and sadly inappropriately undermine vaccines.

1. It is not correct that “rates were expected to be in a similar range in each age group, assuming that there is no
association between the vaccination status and the non-COVID-19 mortality rates.” Uncorrected, unadjusted
group data are almost certain to show some association, which is almost certainly bias, this is a basic expectation
in this type of data.  The next couple of paragraphs of the Discussion are then trying to read signals out of what is
probably pure noise and bias.

2. The study from Norway did raise some genuine concern early on. Based on this and other similar observations,
vaccination in moribund nursing home individuals was probably reduced. However, even if you take these results
literally, the total number of expected deaths at a global level from that reason are likely to be in the range of
15,000 [1]. This is a miniscule number compared to the supposedly many millions of deaths that are unexplained
according to Kampf and Fornerod. Moreover, the life-time lost would be a few days or weeks for these people,
even if we were to accept that their demise was accelerated by vaccination. The same applies to the alluded
observations from Germany.

3. Non-specific effects on death remain a speculative issue. The evidence for or against such non-specific effects
for vaccines in general, and even more for COVID-19 vaccines, is even more thin and bias-prone that the
evidence provided by Kampf and Fornerod in their study.

4. The Japanese paper cited by Kampf and Fornerod has been retracted. The retraction notice runs: “The Editors-
in-Chief have retracted this article. Upon post-publication review, it has been determined that the correlation
between mortality rates and vaccination status cannot be proven with the data presented in this article. As this
invalidates the conclusions of the article, the decision has been made to retract. The authors disagree with this
retraction.” I agree that the paper made unbelievable strong statements given the type of data that it had.

5. The study on rat cells has unknown relevance to humans, let alone to human deaths. The cited article on
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vaccine-associated myocarditis mortality was also withdrawn by the previous journal where it had been
published, and the retraction note runs: “This Article-in-Press has been withdrawn at the request of the Editors-in-
Chief. Members of the scientific community raised concerns about this Article-in-Press following its posting online.
The concerns encompassed. • Inappropriate citation of references. • Inappropriate design of methodology. •
Errors, misrepresentation, and lack of factual support for the conclusions. • Failure to recognise and cite
disconfirming evidence. The concerns were shared with the authors, who prepared a response and submitted a
revised manuscript for consideration by the journal. In consideration of the extent of the concerns raised and the
responses from the authors, the journal sent the revised manuscript to two independent peer-reviewers. The
peer-reviewers concluded that the revised manuscript did not sufficiently address the concerns raised by the
community and that it was not suitable for publication in the journal. The authors disagree with this withdrawal
and dispute the grounds for it.”  Myocarditis is indeed a recognized adverse event for mRNA vaccines, especially
in young males and some deaths may have been caused by it. However, the best estimates would suggest
roughly a few hundred deaths at a global level (or far fewer) over the entire pandemic: the risk of myocarditis
seems to be less than 150 per million in children and adolescents and much lower in higher ages and among
cases 1-4% may die [2-4] – in fact, these rates may also be inflated. At any rate, such cardiac deaths would
account for an extremely miniscule portion of any observed excess deaths during the pandemic.

6. There is absolutely nothing striking about the age pattern; for this type of data, this (or more extreme even)
patterns may easily occur without the vaccines having anything to do with it. Totally or partly different patterns
have been seen in similar groupings/analyses in other countries, now cited by Kampf and Fornerod in their
revised paper.

7. The meandering extrapolation used to suggest “an overall negative benefit-risk” is completely unfounded. It is
very likely indeed that effectiveness against Omicron was less versus effectiveness for previous variants, this has
been widely documented [5-7]. But the logical jump from reduced effectiveness to net harm is totally unjustified.

8. There is absolutely no way that one can account for 12.3 million deaths from vaccine adverse events, each of
which seems likely to account for a few hundred or a few thousands of deaths globally at most, based on the
incidence data we have [1].  Non-COVID-19 reasons like deaths from health care disruption, poor health care and
limited access, overdose, deaths of despair, and many other problems that accompanied the pandemic and the
often highly detrimental pandemic response can readily account for millions of deaths. Blaming these deaths to
vaccines only shows bias and, worse, takes our efforts away from fixing major real problems that have plagued
public health even before the pandemic and have decimated communities during the pandemic. The roots of
these problems may continue unaddressed, while weird vaccine blame games are being played. 

9. I am a strong supporter of the need for randomized trials, and it is a pity that we did not get more randomized
evidence. However, extrapolating from 21 and 17 deaths with such short follow-up to millions of deaths from
harms is among the most improbable extrapolations I have seen ever made in the medical literature. 

10. A single case adds negligible weight to the claims made here. As above, it is indeed possible that some
deaths occurred due to myocarditis, but the scale of numbers is 1000-fold or more lower than the phenomenon
that Kampf and Fornerod try to explain.

11. Still a disservice, I think, to make the conclusion “that the COVID-19 vaccines may have contributed to the
excess mortality”. Given that more than 13 billion doses of COVID-19 vaccines were given, some deaths due to
adverse events are likely to have happened, but they are likely to be overall far fewer than the lives saved.
Vaccines in the balance saved more lives, especially among the elderly and the most vulnerable. Of course, risk-
benefits and cost-effectiveness need to be carefully studied for different age and risk profile strata and one size
does not fit all. However, I am afraid that analyses that use such crude data to make such claims as Kampf and
Fornerod did, do not help to advance our knowledge on this front.
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Descriptive epidemiology is useful for raising issues that need thorough investigation. Access to and adjustment
for potential confounding variables are needed before conclusions can be made from these UK data. This article
will hopefully open the access to the additional variables needed to conduct a thorough observational study. Until
then, the authors have wisely concluded that “excess deaths are subject to many uncertainties”, that “causal
explanations require great caution”, that “a causal relationship … has not been firmly established” and that the
question “requires further research”.

The unfortunate failure to conduct randomized trials to evaluate whether the Covid vaccines reduce mortality has
led to observational and modelling studies with widely divergent claims concerning the number of lives saved or
caused by the vaccines.  This requires open and honest scientific discussions about the strengths and
weaknesses of both data and methods. With traditional publishing, this manuscript might have been rejected by
some journals before eventually being published without the reader having access to any of the peer-reviews.
The way forward is not to hide descriptive epidemiological studies but to openly and honestly discuss them.
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