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Abstract 

Introduction: Following the end of the COVID-19 pandemic, excess mortality rates declined in many 

countries. However, Japan’s excess mortality rate remained elevated even in 2024. Most countries 

have stopped administering booster vaccines on a large scale; however, Japan continues to 

recommend COVID-19 vaccination for elderly individuals, and its booster vaccination per capita rate 

is the highest in the world. This study attempted to identify the variables related to excess mortality 

rates during and after the pandemic. Methods: The age-adjusted numbers of deaths and excess 

mortality rates were calculated for Japan's 47 prefectures from 2020 to 2024. Scatter plots were 

generated to visualize the relationship between the excess mortality rates and doses of COVID-19 

booster vaccine administered. The regression model was subsequently conducted to examine 

variables associated with excess mortality rates during and after the pandemic across Japan's 47 

prefectures. Results: In Japan, age-adjusted excess mortality was not observed in 2020 and 2021; 

however, it increased to 5.9% in 2022 and 4.9% in 2023. This increase continued even in 2024, when 

the pandemic ended, reaching 5.7%. During the pandemic period from January to September 2022, 

when vaccine doses were limited to four, the age-adjusted excess mortality rate showed a negative 

correlation with the number of vaccine doses (r=-0.36, p=0.013). From June 2023 to September 2024, 

however, after the pandemic ended and doses 5 to 7 were added, a positive correlation emerged 

(r=0.55, p=0.000064). A multiple regression analysis showed that excess mortality rates after the 

pandemic was more strongly associated with the number of booster vaccine doses than with the 

number of COVID-19 infections and population density of the 47 prefectures. Conclusions: The 

findings of the present study strongly call attention to the negative aspects of frequent COVID-19 

vaccination. 
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Introduction 

In Western countries, excess mortalities due to all-causes have been observed since the start of 

the COVID-19 pandemic in 2020 [1]. The World Health Organization (WHO) declared the end of the 

COVID-19 state of emergency in May 2023 and most countries stopped administering COVID-19 

booster vaccines on a large scale [2]. The highest number of excess deaths occurred from 2020 to 2022, 

with modest or no excess deaths estimated for 2023 [3]. The situation in Japan differs from that in 

Western countries. In 2020, when the COVID-19 pandemic began, 3,466 deaths were attributed to 

COVID-19 infections, accounting for only 0.25% of the total number of all-cause deaths. Following 

the spread of the Omicron variant, the number of COVID-19-related deaths increased to 47,638 in 

2022; however, this still represented only 3.0% of the total number of deaths [4]. 
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In Japan, COVID-19 vaccination for elderly individuals began in April 2021, later than in 

Western countries. However, the vaccine has since been widely administered, with the total number 

of vaccinations including the first to seventh vaccinations, reaching 436,193,341 as of March 31, 2024. 

The vaccination rates for people aged 65 years and over is particularly high (first vaccination: 93.1%, 

second vaccination: 92.8%, third vaccination: 91.9%, fourth vaccination: 84.8%, fifth vaccination: 

73.9%, sixth vaccination: 58.8%, seventh vaccination: 43.8%). Over 99% of the vaccines administered 

were messenger ribonucleic acid (mRNA) vaccines. Notably, Japan has the highest per capita rate of 

mRNA vaccine in the world [5]. 

When comparing the total number of deaths between 2020 and 2024 with the average number 

of deaths from 2017 to 2019 before the COVID-19 epidemic, crude excess deaths were observed as 

follows: 11,310 (0.8%) in 2020; 78,471 (5.8%) in 2021; 207,623 (15.3%) in 2022; 214,598 (15.8%) in 2023; 

and 243,960 (17.9%) in 2024[4]. As Japan is one of most rapidly aging nations in the world, some 

excess deaths may be attributed to aging. Aligning the age structure makes it possible to compare 

mortality rates without being affected by aging; therefore, the age-adjusted excess mortality rates 

were calculated. 

Since excess mortality occurred in conjunction with the start of COVID-19 vaccination, from a 

pharmacovigilance perspective, the excess mortality should be considered as a safety signal. 

Although a safety signal does not necessarily indicate a causal relationship between vaccination and 

excess mortality, further investigation is warranted. In Japan, all-cause excess mortality rates varied 

widely across prefectures. The differences among 47 prefectures in the rates of COVID-19 vaccination 

facilitate investigation into the relationship between excess mortality rates and vaccine coverage. The 

present study attempted to identify the variables related to differences in excess mortality rates across 

prefectures during and after the pandemic. 

Materials and Methods 

Mortality rates were assessed using age-adjusted mortality rates (AMRs) to eliminate the effects 

of aging. For age-adjustment, the Ministry of Health, Labour and Welfare in Japan uses direct 

standardization based on smoothed standard population data from 2015, and the same approach was 

employed in the present study [6]. The formulas for the calculations are as follows: 

age-adjusted number of deaths = Σ (di/pi × psi) 

AMR per 100,000 people = [Σ (di/pi × psi)] / Σ psi × 100,000 

where i=age group, di=number of deaths in that age group, pi=number in that age group in the 

observed population, and psi=number in that age group in the standard population. 

To calculate excess mortality rates for each prefecture, the average age-adjusted number of 

deaths and mortality rates for the same month from 2017 to 2019 before the pandemic were used as 

the baseline values. The rate ratio (RR) was calculated by dividing the AMR from 2021 to 2024 by the 

baseline value of AMR. Excess or deficit mortality was defined using the following formula: RR = 

AMR for each period / mean AMR of the same months in 2017 to 2019. Excess or deficit mortality = 

RR-1 × 100 (%). Relative risks and their 95% confidence intervals (CIs) were calculated to evaluate 

significance. 

Next, scatter plots with regression lines for 47 prefectures were generated to visualize the 

correlations between excess mortality rates and dose of vaccinations. Significance test for the 

correlation coefficient was used to estimate the correlation between excess mortality rates and dose 

of vaccinations. After testing for normal distribution using the Shapiro–Wilk normality test, a 

significance test for the correlation coefficient was performed using Pearson's method and 

Spearman's method. 

As potential causes of excess mortality, COVID-19 infection and disparities in healthcare 

standards between urban areas and rural areas were often speculated. Therefore, the variables related 

to excess mortality rates during and after pandemic period were examined using the regression 

model, controlling for confounding factors including the dose of booster vaccine, number of COVID-
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19 infections, and population density of each prefecture. Since age-adjusted excess mortality rate was 

used, the aging rate was not included as an explanatory variable. Assessment of multicollinearity 

using a correlation matrix and variance inflation factors (VIFs) did not show any evidence of 

multicollinearity. Considering the possible presence of heteroscedasticity, White's heteroscedasticity-

consistent standard errors (typeHC3) were calculated, and p-values and confidence intervals were 

adjusted. 

Because the WHO declared that the pandemic was over in May 2023, the post-pandemic period 

in the present study was set from June 1, 2023 to September 31, 2024. Values of p < 0.05 were 

considered statistically significant. All analyses were performed using R Statistical Software, version 

4.3.1 (2023) (The R Foundation for Statistical Computing, Vienna, Austria). 

The data analyzed in the present study were obtained from several different official websites. 

The number of deaths by overall and individual causes in Japan as a whole and each prefecture were 

obtained from the Ministry of Health, Labour and Welfare’s vital statics [4]. Population estimates by 

age group required for the age-adjusted analysis were obtained from the national statics of the 

population estimates [7]. The number of COVID-19 infections in each prefecture was obtained from 

the Ministry of Health, Labour and Welfare’ s website [8]. Since May 9, 2023, the estimated number 

of COVID-19 infections in each prefecture was obtained from the Department of Medical Genome 

Sciences, Research Institute for Frontier Medicine, Sapporo Medical University School of Medicine 

website [9]. The number of vaccine doses in each prefecture was also obtained from the Sapporo 

Medical University School website [10]. The population density of each prefecture was obtained from 

the National Institute of Population and Social Security Research website [11]. 

Since this descriptive study was based on public-use datasets, it was exempt from Institutional 

Review Board review and approval, and no informed consent was required. 

Results 

Table 1 shows the crude and age-adjusted numbers of deaths as well as numbers and rates of 

excess death from 2020 to 2024. In 2020, the first year of the pandemic before the start of COVID-19 

vaccination, there was a decrease in the excess mortality rate of -3.0% compared to the pre-pandemic 

period. The number (rate) of age-adjusted excess deaths was -6,843 (-0.5%) in 2021. Subsequently, it 

increased to 74,446 (5.9%) in 2022, 61,831 (4.9%) in 2023, and 72,081 (5.7%) in 2024. 

Table 1. Crude and age-adjusted number of all-cause deaths, excess deaths and excess mortality rates from 

2020 to 2024. 

 

In Japan, COVID-19 vaccination started in April 2021, and seven doses had been administered 

by September 2024. The present study was divided into four periods based on the number of vaccine 
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doses administered, and the excess mortality rates for all 47 prefectures during each period were 

calculated. The first period was from April to December 2021, when the first and second doses were 

administered and before the administration of the third dose began. The second period covered 

January to September 2022, when the third and fourth doses were administered and before the 

administration of the fifth dose began. The third period covered October 2022 to May 2023, when the 

fifth dose was administered and before the sixth dose was initiated. The fourth period began after the 

pandemic was declared over, spanning from June 2023 to September 2024, during which the sixth 

and seventh vaccine doses were administered. 

The age-adjusted number of deaths per 100,000 population for the 47 prefectures are shown for 

each period in Table 2. During the first period, Nagano Prefecture had the lowest number at 682.1 

persons, while Aomori Prefecture had the highest number at 838.4 persons. In the fourth period as 

well, Aomori Prefecture had the highest number at 1,622.9 persons. Table 3 shows the excess 

mortality rates for all 47 prefectures across the four periods. During the first period, Japan's excess 

mortality rate was 0.0%, but 14 prefectures showed negative excess mortality rates. In the second 

period, Japan's excess mortality rate increased to 4.2%, and no prefectures showed negative excess 

mortality rate. In the third period, Japan's excess mortality rate increased to 5.3%, reaching 10% in 

five prefectures. Even in the fourth period after the pandemic ended, Japan's excess mortality rate 

remained high at 5.0%. 

Table 2. Age-adjusted number of deaths per 100,000 population for the 47 prefectures. 
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Table 3. Excess mortality rates for the 47 prefectures. 

 

Table 4 shows the changes in the crude number of deaths due to individual causes. Compared 

to 2020, the total number of deaths in 2024 increased by 232,650 (17%). Among individual diseases, 

senility, aspiration pneumonia, and ill-defined/unspecified causes of mortality showed significant 

increases of 56%, 49%, and 50%, respectively. These three diseases accounted for 47% of the overall 

increase in total deaths. Septicemia and interstitial pneumonia showed modest increases (20% and 

27%, respectively). By contrast, malignant neoplasms, myocardial infarction, other ischemic disease, 

intracerebral hemorrhage, and cerebral infarction showed either minimal increase or no increase. 
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Table 4. Changes in the crude number of deaths due to individual causes from 2020 to 2024. 

 

The three diseases showing significant increases were primarily seen in elderly individuals; 

therefore, to eliminate the influence of aging, the age-adjusted mortality rates were compared for 

each disease between 2020 and the period from 2021 to 2024 (Figure 1). In 2024, mortality rates for 

senility, aspiration pneumonia, and ill-defined/unspecified causes of mortality showed significant 

increases of 42%, 36% and 43%, respectively. 

 

Figure 1. Percent changes in each cause of death from 2021 to 2024 relative to the number of deaths in 2020. 

Scatter plots were generated to visualize the relationship between the age-adjusted excess 

mortality rates and number of COVID-19 infections. During the second period, there was a positive 

correlation between the excess mortality rates and number of COVID-19 infections (Figure 2A, 𝛾=0.49, 

p=0.001). However, during the fourth period, the positive relationship between the two disappeared 

(Figure 2B, 𝛾=-0.18, p=0.22). Multiple regression analysis was used to clarify the variables associated 

with this change. Adjusted for confounding variables, excess mortality rates had no correlation with 

number of COVID-19 infections during the fourth period (Table 5). 
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Figure 2. The relationship between the age-adjusted excess mortality and number of COVID-19 infections. A) 

There is a positive correlation between the excess mortality and number of COVID-19 infections during January 

to September 2022 (𝛾=0.49, p=0.001). B) The positive relationship disappeared during June 2023 to December 

2024. 

Table 5. Variables contributing to age-adjusted excess mortality during Jan.2022 to Sep.2022 and during June 

2023 to Sep. 2024 (Coef.:coefficient, SE: standard error). 

 

Scatter plots were also generated to visualize the relationship between the age-adjusted excess 

mortality rates and number of booster vaccine doses. During the second period, there was a negative 

correlation between the excess mortality rates and the number of the third and fourth vaccine doses 

(Figure 3A, r=-0.36, p=0.013). During the fourth period, Japan's overall age-adjusted excess mortality 

rate was 5.0%, with excess mortality rates across the 47 prefectures ranging from 2.3% to 10.3%. The 

number of booster vaccines administered per 100 people in each prefecture ranged from 140 to 261. 

A positive correlation was observed between excess mortality rates and the number of the third to 

seventh vaccine doses in 46 prefectures (Figure 3B, r=0.55, p=0.000064). Prefectures with higher 

vaccination rates showed higher excess mortality. Okinawa Prefecture was treated as an outlier 

because it showed trends significantly different from the other 46 prefectures. 
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Figure 3. Age-adjusted excess mortality rates and vaccination rates. A) There is a negative correlation between 

the excess mortality rates and vaccine doses administered during January 2022 to September 2022 (𝛾=-0.36, 

p=0.013). B) There is a positive correlation between the excess mortality rate and vaccine doses administered 

during June 2023 to December 2024 (𝛾=0.55, p=0.000064). 

The regression model was conducted to identify age-adjusted excess mortality as the dependent 

variable, using vaccine coverage, the number of COVID-19 infections, and population density in each 

prefecture during the corresponding period as explanatory variables. Among these, only the number 

of booster vaccine doses was found to be a significant factor contributing to excess deaths (Table 5). 

These findings suggest that excess mortality after the COVID-19 pandemic was related to the number 

of booster vaccine doses rather than COVID-19 infections. 

Discussion 

A review of 29 European countries showed 1,642,586 excess deaths over the four-year period 

from 2020 to 2023, with excess deaths primarily concentrated in 2020 to 2022. A total of 521,642 excess 

deaths (excess mortality rate: 10.0%) were observed in 2020; 568,186 (11.2%) in 2021; and 443,883 

(8.6%) in 2022; however, the total decreased to 108,629 (2.1%) in 2023 [3]. Excess deaths in the United 

States (US) also peaked at 1,008,369 in 2020 and 1,098,808 in 2021, and showed a downward trend to 

820,396 in 2022 and 705,331 in 2023. Although the number of deaths in 2023 decreased compared to 

the numbers in 2020–2022, excess mortality was still apparent compared to pre-pandemic levels [12]. 

Thus, excess mortality in Europe and the US peaked in 2020 and 2021 during the early stages of the 

pandemic, and showed a declining trend by 2023. 

Unlike Europe and the US, Japan saw a decrease in the number of age-adjusted deaths in 2020 

compared to pre-pandemic levels. According to the report by Devanathan et al., excess mortality in 

Japan was negative in 2020 (-1.67%), became positive in 2021 (2.19%) and peaked in 2022 (7.55%). 

Excess mortality showed a slight downward trend to 5.76% in 2023 [13]. 

Our research has extended their observation until the end of December 2024. Age-adjusted 

excess mortality in Japan was not observed in 2020 and 2021, but it increased to 5.9% in 2022 and 4.9% 

2023. This increase continued even in 2024, when the pandemic ended, reaching 5.7%. Because the 

excess mortality began in 2021, coinciding with the start of vaccinations, it cannot be explained by 

population aging alone, as no such increase was seen in 2020 when the pandemic began. Furthermore, 

the fact that excess mortality persists even after adjusting for age indicates the involvement of 

variables other than aging. 
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An analysis of the relationship between the number of COVID-19 infections and the number of 

vaccine doses administered in each prefecture showed that vaccination led to a decrease in COVID-

19 infections up to the fourth dose. However, after the start of the fifth dose, such relationship has 

disappeared (data not shown). 

Experiments in mice have demonstrated that administering the COVID-19 vaccine five or more 

times suppresses the immune response against the Omicron variant, leading to immune tolerance. 

Not only was the production of neutralizing antibodies against the Omicron variant suppressed, but 

activation of CD4-positive and CD8-positive cells was also inhibited, resulting in reduced cellular 

immune function [14]. In humans, repeated administration of mRNA vaccines has been shown to 

increase blood IgG4 levels, representing a possible immune tolerance mechanism to the spike protein 

that could promote unopposed SARS-CoV-2 infection and replication through suppression of natural 

antiviral responses [15]. In Japan, consecutive measurements of COVID-19-specific cellular immunity 

in dialysis patients showed the suppression of cellular immunity after administration of the fifth dose 

[16]. Our observation that the frequency of COVID-19 infections actually increased after the fifth dose 

is consistent with the results of these reports. 

We also conducted an analysis of the relationship between excess mortality rates and the number 

of vaccinations during the fourth period. Because of not only deaths occurring immediately after 

vaccination but also deaths occurring after a period following vaccination, the total number of booster 

vaccines administered between 3 and 7 rounds was used. During the second period, when the third 

and fourth vaccine doses were administered, a negative correlation was observed between the 

number of vaccine doses and excess mortality rates . However, in the fourth period, the correlation 

shifted to a positive one. In other words, increased vaccinations lead to increased excess mortality 

rates. In the multiple regression analysis, only the number of vaccine doses administered showed a 

significant correlation with excess mortality rates, while there was no association with the number of 

COVID-19 infections or population density of 46 prefectures. 

Figure 4 shows the number of booster doses administered in each country based on Our World 

in Data, with the listed date indicating the last update [2]. While increases in vaccination numbers 

were not seen in other countries since the autumn of 2022, Japan has continued administering booster 

vaccines to its elderly population, with the total number of vaccines administered far exceeding those 

of other countries. The findings of our study, combined with Japan's booster vaccination rate, may 

explain the continued excess mortality observed in Japan even after the end of pandemic. 
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Figure 4. Number of COVID-19 booster doses administered in each country based on Our World in Data. The 

booster vaccination rate is expressed as the number of doses administered per 100 people. The dates shown in 

the figure represent the dates when the data were last updated. 

Few reports have addressed the causes of excess mortality following the pandemic. In the United 

Kingdom (UK), all-cause excess mortality was 11.3% in 2020 but declined to 4.2% in the post-

pandemic period (January 1, 2023 to December 29, 2023) [3]. Among cause-specific excess mortality, 

the highest rate in 2023 was for influenza pneumonia (52%), followed by chronic lower respiratory 

disease (22%), dementia and Alzheimer's disease (8%), cerebrovascular diseases (5%) [17]. 

Hong Kong has also reported cause-specific excess mortality during the post-pandemic period 

(January 1, 2023 to June 1, 2024). All-cause excess mortality in Hong Kong during the Omicron wave 

(January 1, 2022 to December 31, 2022) was 19.9%, but it decreased to 6.0% in the post-pandemic 

period. During this period, the highest cause-specific excess mortality was observed for pneumonia 

(16.5%), followed by cerebrovascular disease (8.1%) and heart disease (2.7%). Dementia showed a 

significant decrease of -35.0% [18]. 

Unlike reports from other countries, the significantly increased cause-specific excess mortality 

in Japan following the pandemic was attributable to senility, aspiration pneumonia, and ill-

defined/unspecified causes. Conversely, cardiac diseases such as ischemic heart disease and 

cerebrovascular disorders showed either no or only a slight increase. Regarding senility and ill-

defined/unspecified causes, there are no comprehensive reports on autopsy findings, and it remains 

unclear what actually caused these deaths 

The proportion of deaths attributed to senility in Japan is exceptionally high at 12.1%, compared 

to 1.7% in the UK and less than 1% in the US and Germany [19]. By contrast, dementia and 

Alzheimer's disease, was the main cause of death in the UK in 2022, accounting for 8% of all deaths 

[17]. 

Germany has reported findings examining the correlation between excess mortality and 

vaccination rates across 16 states, dividing the pandemic into three periods: April 2020 to March 2021, 

April 2021 to March 2022, and April 2022 to March 2023. During the period from April 2021 to March 

2022, when vaccinations began, the number of deaths attributed to COVID-19 infections (78,185) was 

3.5 times higher than the excess deaths (22,405). During this period, excess deaths showed a strong 

positive correlation with the number of COVID-19 infections, while exhibiting a strong negative 

correlation with vaccination rates (𝛾=-0.78, p<0.001). However, from April 2022 to March 2023, excess 

deaths (78,493) significantly exceeded COVID-19 infection deaths (38,062), showing a strong positive 

correlation with vaccination rates (𝛾=0.65, p=0.006) [20]. Germany's booster vaccination rate by the 

end of March 2023 was 77 per 100 people, only half that of Japan's 140 per 100 people during the same 

period [2]. Nevertheless, similar to Japan, a positive correlation was observed between excess 

mortality rates and the number of vaccine doses administered. Furthermore, while only 1.4% of 

Germany's total population has received five or more COVID-19 vaccine doses [21], the five-dose 

vaccination rate among Japanese seniors aged 65 years and older reached 73.9% [5]. In Germany, 

excess mortality, which peaked at 60,991 in 2022, declined to 12,382 in 2023 and further declined to -

31,799 in 2024 [22]. In Japan, no reduction in excess deaths has been observed even in 2023 and 2024, 

which may reflect the difference in the number of booster vaccines administered between the two 

countries. 

In Japan, despite a decline in COVID-19-related deaths after the pandemic ended, no overall 

decrease in total deaths was observed. Results from multiple regression analysis suggest that excess 

mortality rates during this period was associated not with COVID-19 infections, but with booster 

vaccinations. However, the present study merely suggests a correlation between excess mortality 

rates and the number of booster doses administered; it does not establish causation. The possibility 

of ecological fallacy must be considered [23]. Findings from animal studies and human investigations 

suggesting that receiving five or more COVID-19 vaccine doses may induce immune tolerance 
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provide an important clue when considering a potential causal relationship between vaccination and 

excess mortality. 

The most valuable data for examining causality would be autopsy findings from excess deaths. 

However, the lack of comprehensive autopsy reports for deaths attributed to senility or ill-

defined/unspecified causes, which constitute a large proportion of excess deaths, is a significant 

drawback. To clarify the causal relationship between vaccination and excess mortality, it is essential 

to increase the autopsy rates for patients who die following vaccination. 

Conclusion 

In many countries that did not administer COVID-19 booster vaccinations after the latter half of 

2022, excess mortality rates declined following the official end of the pandemic in May 2023. 

However, in Japan, where booster vaccinations continued, excess mortality persisted even into 2024. 

A consecutive analysis of variables related to excess mortality revealed that after five or more 

vaccinations, the previously negative correlation between the number of vaccine doses and excess 

mortality rates shifted to a positive correlation. In other words, receiving frequent vaccinations 

caused an increase in excess deaths. As of December 2025, Japan continues to recommend COVID-19 

vaccination for elderly individuals. Given the findings of the present study, caution is strongly 

warranted regarding the negative aspects of frequent COVID-19 vaccination. 
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