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Abstract 

Background/Purpose: COVID-19 mRNA vaccines have been reported to prevent severe disease in 

high-risk populations. In Japan, booster doses of up to the seventh dose are publicly funded; 

however, the safety and benefits of frequent vaccinations in younger adults remain unclear. This 

study analyzed all-cause mortality by age group and number of vaccine doses, focusing on 

associations between frequent boosters (≥5 doses) and mortality. Methods: The resident registry and 

vaccination records from Hamamatsu City (2021–2024) and Matsudo City (2021–2025) were linked to 

analyze all-cause mortality by age and number of vaccine doses. Three age groups were examined: 

20–49, 50–64, and 65–89 years. Mortality rates were calculated using person-years, and each death 

was attributed to the most recent vaccine dose received. Results: Older adults (65–89 years) 

receiving ≥5 doses had lower all-cause mortality, although this may partly reflect healthy vaccinee 

bias, as healthier individuals were more likely to continue vaccination. In contrast, younger adults 

(20–49 years) showed a marked increase in mortality with ≥5 doses, and those aged 50–64 exhibited 

elevated mortality with six doses. These patterns suggest that selective vaccination of high-risk 

individuals does not fully account for the observed trends. While frequent vaccination was associated 

with reduced mortality in older adults but increased mortality in younger adults. Conclusions: 

Observational data indicated age- and dose-dependent differences in all-cause mortality after 

COVID-19 vaccination. Although additional doses may reduce mortality in older adults, frequent 

boosters in younger adults may pose potential risks. The causality cannot be established, and the 

underlying mechanisms remain unclear. These findings emphasize the need for careful risk–benefit 

assessments in younger populations and underscore the importance of nationwide confounder-

adjusted analyses to inform optimized booster strategies, including vaccine type, dosing intervals, 

and immunological factors.  
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Introduction 

Over four years have passed since COVID-19 mRNA vaccines were widely introduced in Japan, 

with their effectiveness and safety evaluated from various perspectives. Large-scale clinical trials 

have purportedly confirmed that these vaccines are highly effective in preventing severe disease and 

carry a low risk of serious adverse reactions. Initially, these were expected to serve as key tools for 

control [1]. 

Evidence from overseas studies has shown that a fourth booster dose reduced severe disease 

and hospitalization among high-risk groups such as older adults and immunocompromised 

individuals [2]. Consequently, additional booster vaccinations are recommended at intervals of six 

months to one year. However, reports in Japan and abroad have described the risks of adverse events, 

including thrombosis, autoimmune disorders, and myocarditis [3]. 

In Japan, despite the relatively low number of COVID-19 cases and deaths in early 2020 

compared with Western countries, the government pursued a nationwide vaccination campaign to 

achieve herd immunity. This has resulted in one of the highest per-capita vaccination rates 

worldwide [4]. Booster doses were publicly funded for all residents, with recommendations extended 

to the seventh dose during the 2023–2024 winter season. 

Nevertheless, since the emergence of the Omicron variant, both cases and deaths have increased 

in Japan. Reports indicate a sharp increase in excess mortality in 2022 and 2023, with approximately 

100,000 excess deaths continuing into 2024. The explanations include population aging, healthcare 

strain, pandemic-related psychological stress, suicide among young to middle-aged individuals due 

to economic hardship, and reduced healthcare use among older adults. However, because excess 

mortality increased notably after vaccinations started in 2021, some commentators have argued that 

vaccination itself may have contributed, although causality remains unproven [5,6].  

In June 2025, Shigeru Omi, who led Japan’s COVID-19 policy and strongly promoted 

vaccination, publicly stated that vaccines prevent severe disease but offer limited protection against 

infection and that the benefits for younger individuals were minimal. He noted that from the early 

stages of the vaccination campaign, it was recognized that younger individuals were unlikely to 

develop severe disease even if infected. In addition, younger individuals tend to experience relatively 

stronger adverse reactions to vaccines; therefore, the decision to vaccinate should be left to individual 

choice [7]. However, evidence shows that, until autumn 2022, he advised the Prime Minister to 

recommend additional doses even for younger populations [8]. This statement sparked public debate. 

Supporting this perspective, the Vaccine Effectiveness Real-time Surveillance for SARS-CoV-2 

(VERSUS) study by Nagasaki University found that additional doses greatly reduced severe illness 

but did not clearly prevent symptomatic infections [9]. However, because the participants were 

limited to those seeking care, the study may be affected by care-seeking bias: vaccinated individuals 

are more likely to seek care for mild symptoms, whereas unvaccinated individuals may delay care 

until the illness is severe [10,11]. Such differences can distort comparisons, so test-negative designs 

like VERSUS should be interpreted with caution [12].  

Currently, the benefits of the COVID-19 vaccination for younger adults are limited. Questions 

remain regarding the value of frequent boosters in this group, considering waning effectiveness, cost-

effectiveness, and the risk of adverse events [13]. In Japan, annual boosters of more than four doses 

are recommended for older adults and individuals with comorbidities; however, younger adults and 

healthcare workers also receive boosters upon request. As younger adults are at a low risk of severe 

outcomes, evaluating potential risks, including adverse events and mortality linked to frequent 

boosters, is especially important. 

Despite widespread vaccination, no domestic study has assessed the safety and mortality 

impacts of receiving frequent additional doses, stratified by age and the number of vaccinations. To 

address this gap, we obtained resident registries and vaccination records from Hamamatsu City and 

Matsudo City in Japan through public information requests and linked these datasets. We analyzed 

three age groups—20–49, 50–64, and 65–89 years—focusing on the impact of frequent vaccination (≥5 
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doses) on all-cause mortality. This study aimed to clarify the association between the number of 

vaccine doses and the mortality risk across age groups. 

Methods 

This study analyzed resident data from Hamamatsu City in Shizuoka Prefecture (population of 

approximately 780,000) and Matsudo City in Chiba Prefecture (population of approximately 500,000). 

The datasets were obtained through public information requests submitted by NHK Fukuoka 

Broadcasting Station’s “The Life” program. The data was provided to two authors on May 12, 2025, 

and then made available to the public on August 29. To minimize the administrative burden, 

Hamamatsu provided data in the same format as in previous disclosures, and Matsudo supplied data 

in a comparable format. Both datasets link Basic Resident Register information (including birth, 

death, and relocation) with COVID-19 vaccination records (including date, manufacturer, lot 

number, and number of doses). No information that that could identify individuals was included, as 

the data used in this study had been anonymized by the cities of Hamamatsu and Matsudo, and no 

linkage tables were created. 

The Hamamatsu dataset covers the period between February 1, 2021, and June 30, 2024, and 

includes the following variables: age group (in 5-year intervals as of June 30, 2024), sex, vaccination 

history (dates, manufacturers, lot numbers), date of death, age at death (in 5-year intervals), date of 

becoming a resident, and date of leaving residency (due to death, relocation, etc.). If a resident moved 

in and out multiple times, only their first residency period was analyzed. 

The Matsudo dataset includes residents as of February 1, 2021, with follow-up through March 

31, 2025, and contains the following variables: year of birth (in 5-year intervals), sex, date of relocation 

(if applicable), date of death (if applicable), and vaccination information (dates, manufacturers, and 

lot numbers). To align with Hamamatsu’s classification, Matsudo residents born between years N 

and N+4 were classified as aged (2021–N) through (2025–N), resulting in an approximately 1.5-year 

discrepancy compared to Hamamatsu’s definition. 

Death was attributed to the most recent administered vaccination dose. For example, a death 

after the fourth dose was assigned to the “four-dose” group. The populations were stratified by the 

number of doses at observation, and mortality rates were calculated using the person-years method. 

Patients with optional or temporary vaccinations were excluded from the study. The main 

observation period spanned from February 1, 2021, to March 31, 2024. The analyses covered: 

Vaccination dose distribution by age group; Mortality rates (per 100,000 person-years) by age and 

dose (10-year intervals), aggregated into 20–49, 50–64, and 65–89 age brackets; Death counts by days 

since the last vaccination (in 10-day intervals), and monthly mortality rates by dose for each age 

group (to June 30, 2024); Half-yearly death counts (July 2021 to June 2024) categorized by vaccination 

status (unvaccinated, 1–4 doses, 5–7 doses). 

All analyses were performed using R (v4.5.1) with the IncidencePrevalence (v1.2.1), popEpi 

(v0.4.13), readxl (v1.4.5), and tidyverse (v2.0.0) packages. Half-yearly aggregations were also 

performed in Python (v3.12), and the results were summarized in Microsoft Excel. 

Results 

Figure 1 shows the vaccination dose distribution by age, and Figure 2 shows the mortality rates 

by age and dose. Among individuals aged ≥60 years, mortality decreased with increasing doses. In 

the 20–49-year age group, mortality declined slightly with up to four doses but increased sharply 

among those who received five or more doses, although the standard deviation was wide in the 

younger age groups. 
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Figure 1. Distribution of the number of vaccine doses across age groups (expressed as proportions). 

 

Figure 2. All-cause mortality by age group and number of vaccine doses (error bars represent 95% confidence 

intervals). 

Aggregated analyses (20–49, 50–64, and 65–89 years; Figure 3) confirmed these trends. Poisson’s 

test results are presented in Supplementary Table 1. Among those aged 20–49, receiving ≥5 doses was 

associated with increased mortality, whereas in the 65–89 age group, it was associated with reduced 

mortality. In the 50–64 age group, receiving six doses was associated with increased mortality 

compared to receiving 1–4 doses. 
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Figure 3. All-cause mortality by number of vaccine doses for ages 20–49 (A), 50–64 (B), and 65–89 (C), generated 

using IncidencePrevalence. Error bars indicate 95% confidence intervals. 

Figure 4 illustrates the interval between vaccination and death. In the 65–89 age group, deaths 

immediately after vaccination were rare, and mortality increased gradually before declining. For 

recipients of the six- and seven-dose vaccines, deaths immediately after vaccination were particularly 

low compared to the later peaks. 
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Figure 4. Distribution of days from vaccination to death for ages 20–49 (A), 50–64 (B), and 65–89 (C). The left axis 

displays the number of deaths in each 10-day interval, and the numbers on the right indicate the number of 

vaccine doses administered. 

Figure 5 illustrates all-cause mortality rates among individuals aged 65–89 years, while 

Supplementary Figure 1 presents the rates for the 20–49 and 50–64 age groups. At each new 

vaccination round, mortality was low among newly vaccinated individuals but rose sharply among 

those who had received one fewer dose. No new rounds were initiated after the seventh dose, and 

no prior patterns were observed. 

 

Figure 5. Monthly all-cause mortality by number of vaccine doses for ages 65–89. Individuals who received only 

one dose are excluded due to their small number and the resulting large fluctuations in monthly mortality rates. 

Figure 6 presents the half-yearly death counts (July 2021–June 2024). In the 50–64 group, 

mortality declined in those with 1–4-doses following the fifth dose, while mortality increased among 

those with ≥5-doses, particularly in late 2023. Similar trends were observed in the 65–89 group, with 

deaths among the ≥5-dose group rising in early 2024. Conversely, in the 20–49 group, mortality in the 

1–4-dose group remained steady, while deaths in the ≥5-dose group surged sharply, contributing to 

overall increases.  
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Figure 6. Time series of all-cause deaths among individuals with 0, 1–4, and 5–7 vaccine doses. 20–49 (A), 50–64 

(B), and 65–89 (C). 
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Discussion 

Potential Overestimation of Vaccine Effectiveness in Older Adults 

Observational studies of COVID-19 vaccine effectiveness must account for multiple sources of 

bias [14,15]. The high-risk-for-death effect, healthy vaccinee effect, and healthy user bias may lower 

mortality in the vaccinated group by preferentially including healthier individuals, thereby leading 

to an overestimation of vaccine effectiveness [16]. 

Conversely, confounding by indication arises because vaccination is recommended for older 

adults and those with comorbidities who inherently have higher mortality risks, which may lead to 

an underestimation of vaccine effectiveness. Differential depletion of susceptibility bias can also 

occur, whereby high-risk individuals in the unvaccinated group die early, leaving behind healthier 

survivors. Over time, this can reduce the differences between groups and may even produce adverse 

vaccine effects. In the specific case of COVID-19, frailty is a major determinant of severe outcomes. 

Frailty bias is also expected to underestimate vaccine effectiveness, because frail individuals are often 

prioritized for vaccination. 

Hamamatsu City, which accounted for half the data used in this analysis, provided publicly 

available demographic information. The historical mortality rate for individuals aged 65–89 years in 

Hamamatsu City in 2019, prior to the COVID-19 pandemic, was 2,456.2 per 100,000 [16,17], which is 

generally consistent with the mortality rate observed in the unvaccinated group during the early 2021 

period, as shown in Figure 5. Substantial differences in all-cause mortality were observed between 

the unvaccinated and the two-dose groups in early 2021 (Figure 5). However, in that year, the number 

of deaths due to COVD-19 was only 52 (0.6% of the total 8,823 deaths) in Hamamatsu City [18], 

making it unlikely to explain this difference. As shown in Figure 5, a sharp increase in the mortality 

rate was repeatedly observed in the N-1 dose group after the initiation of the Nth vaccination round 

in individuals aged 65-89 years. Additionally, fewer deaths immediately following the sixth and 

seventh doses were observed (Figure 4), suggesting that individuals at higher risk of imminent death 

due to poor health or prior adverse reactions were less likely to continue vaccination. Consequently, 

relatively healthy individuals remained in the group that received frequent vaccinations. These 

results strongly suggest the presence of a healthy vaccinee bias, indicating that the observed 

reduction in mortality may not be solely due to biological protection, but also influenced by the 

tendency of healthier individuals to continue vaccination. More accurate estimates would require 

adjustment for baseline health status and comorbidities using multivariate regression or propensity 

score methods. Furthermore, attributing deaths to the last dose group complicates comparisons 

between dose groups. Overall, these factors underscore the need for caution in interpreting dose–

mortality associations, and causality cannot be established from these observational data. 

This observation aligns with findings from a cohort study in Qatar, which demonstrated a 

pronounced healthy vaccinee effect during the first six months following COVID-19 vaccination, 

particularly among older and clinically vulnerable populations [19]. These results underscore the 

importance of accounting for baseline health differences when interpreting mortality outcomes in the 

vaccinated groups. 

Increased Mortality with Frequent Vaccination in Younger Adults 

The healthy vaccinee bias described above was also observed among younger adults, but it 

appeared to be limited to the early stages of the vaccination program, with its impact diminishing in 

younger age groups: up to three doses for the 20-49 age group and up to four doses for the 50-64 age 

group (Supplementary Figure 1). This could be partly attributed to the lower proportion of 

individuals in the younger age groups who had received at least one dose, as well as the marked 

decline in the proportion of individuals receiving four or more doses in the 20–49 age group and five 

or more doses in the 50–64 age group. 

A notable feature in the study population, particularly among individuals aged 20-49, was the 

elevated mortality rate among those who received five or more doses, with a similar trend observed 

in the 50– 64 age group, especially with six doses (Figure 3). Given Hamamatsu City's historical 

mortality rates in 2019—67.0 per 100,000 population for those aged 29–49 and 320.0 for those aged 
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50–64 [17,18], the elevated mortality observed in this study warrants further investigation. One 

possible explanation is indication bias—the selective vaccination of high-risk individuals—which 

could concentrate mortality among those receiving frequent doses. In fact, under Japan’s vaccination 

policy, the fourth dose or higher is recommended only for younger to middle-aged adults with 

comorbidities and healthcare workers. Within the 20–49 year age group, the ratio of those who 

received five or more doses was significantly lower than that in the older age groups. Therefore, it is 

highly likely that the relatively high proportion of high-risk individuals among those vaccinated was 

reflected in the increased mortality rate observed in the group receiving frequent vaccinations. This 

may also explain the increasing trend observed in the 50–64 age group within the 5–6 dose group 

shown in Figure 3. In this age group, however, while the proportion of deaths in the 5–7 dose group 

gradually increased during the study period, no significant change was observed in the total number 

of deaths (Figure 6). In contrast, the total number of deaths in the 20–49 age group appears to have 

increased due to the rise in deaths within the 5–7 dose group (Figure 6). This suggests that selective 

vaccination of high-risk individuals alone cannot fully account for the rising mortality rates among 

those who received five to seven doses.  

Although frequent vaccinations may plausibly contribute to higher mortality in younger adults, 

the observational nature of this study precludes a causal inference. Supporting evidence includes 

reports linking fifth dose coverage to increased infection rates, and sixth dose uptake to excess 

mortality and a decline in male life expectancy [20]. Additionally, potential mechanisms have been 

proposed, including elevated IgG4 levels [21,22] and an increased risk of autoimmune disease [23].  

Furthermore, a large-scale cohort study in South Korea suggested that mRNA vaccines were 

associated with an increased risk of thyroid, colorectal, lung, and breast cancers [24]. These 

observations represent main hypotheses that require further investigation.  

In a September 2024 interview, Dr. Shigeru Omi noted that Japan currently lacks a system for 

obtaining detailed data on vaccine-related adverse events and deaths [3]. There is a pressing need to 

establish large-scale studies in Japan, similar to those conducted in South Korea [24], to 

comprehensively evaluate the health effects of the COVID-19 vaccination. While retrospective studies 

may face limitations in proving causality, conducting well-designed, large-scale research would 

provide critical evidence on the true benefits and risks of COVID-19 vaccines, which would be highly 

valuable not only to the general public but also to healthcare professionals, medical and life science 

researchers, and the pharmaceutical industry. 

Safety Signals and Implications for Vaccination Strategy 

A recently published paper reported that in Japan, the number of deaths recognized under the 

Ministry of Health, Labour and Welfare’s Vaccine Adverse Reaction Relief System is 

disproportionately higher for COVID-19 vaccines than for conventional vaccines. The paper raised 

concerns that these vaccines were authorized without adequate non-clinical testing or long-term 

safety evaluation and that administration continued without sufficient disclosure of adverse events. 

It further highlights scientific shortcomings in the regulatory review process, inadequacies in post-

marketing risk management, and concerns regarding serious adverse reactions, and the potential for 

DNA contamination. Notably, the study went so far as to call for the revocation of the approval and 

withdrawal of COVID-19 vaccines from the market [25]. 

During the pandemic, vaccines targeting Omicron variants BA.1, BA.4/5, XBB.1.5, and JN.1 were 

approved as modifications to the ancestral vaccines after no significant safety concerns were 

identified. These approvals did not require new non-clinical pharmacology or large-scale clinical 

trials. The parent vaccines were evaluated under conventional frameworks, without the toxicological 

or pharmacokinetic studies typically conducted for novel modalities. Some variant vaccines are 

derived from parent vaccines that lack extensive real-world usage data, and the safety of repeated 

boosters remains incompletely studied. 

Recent data show that, in U.S. veterans, the 2024–2025 COVID-19 vaccine reduced risks of 

COVID-related ER visits, hospitalizations, and deaths over six months. Its protective effect persisted 

across age groups, comorbidity status, and immune competence [26]. 
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As of October 2025, vaccination is primarily recommended for adults aged 65 and older, or those 

under 65 with comorbidities, though others may choose to opt in. The Japanese Association for 

Infectious Diseases, the Japanese Respiratory Society, and the Japanese Society for Vaccinology 

jointly maintain that, since older adults remain at high risk of severe disease and death from COVID-

19, and because SARS-CoV-2 continues to evolve escape mutations, they strongly recommend that 

the new routine COVID-19 vaccination program beginning in October 2025 be implemented as 

planned [27]. Moreover, five academic societies including the Japanese Association for Infectious 

Diseases have requested a reconsideration of the Ministry of Health, Labour and Welfare’s plan to 

reduce public subsidy support for routine COVID-19 vaccines in fiscal 2025 [28]. 

However, considering the observed mortality patterns, the permissibility of unrestricted repeat 

vaccinations in younger adults warrants further evaluation. In this study, frequent vaccination was 

associated with reduced mortality in older adults but increased mortality in younger adults; 

however, these associations cannot establish causality, and the underlying mechanisms, as well as 

the effects of vaccine type, dosing interval, and lot variation, remain uncertain. These observations 

may constitute potential safety signals in a pharmacovigilance sense, indicating the need for careful 

monitoring and further analysis. 

Limitations 

This observational study identified associations between vaccination frequency and mortality, 

without establishing causal relationships. Potential confounders such as comorbidities, lifestyle, and 

healthcare utilization were not fully adjusted for. The study population was limited to Hamamatsu 

and Matsudo, limiting its generalizability, and regional differences were not assessed. The effects of 

the vaccine type and dosing interval have also not been adequately evaluated. Therefore, definitive 

conclusions regarding vaccine safety and effectiveness cannot be drawn, and nationwide studies with 

proper confounder adjustments are needed. 

Conclusion 

Analysis of resident data from Hamamatsu and Matsudo showed reduced mortality among 

older adults (65–89 years) who received ≥5 doses, which may reflect healthy vaccinee bias rather than 

a true vaccine effect. In contrast, mortality increased among younger adults (20–49 years) who 

received ≥5 doses, and among those 50–64 with six doses, suggesting a potential mortality risk 

associated with frequent vaccination. These findings indicate that the safety and effectiveness of 

repeated vaccinations in non-elderly populations remain uncertain, warranting a reevaluation of 

booster policies. In particular, strategies for younger adults should be guided by careful risk–benefit 

assessments. Although causality cannot be established, the observed age- and dose-dependent 

mortality differences strongly support the need for further nationwide confounder-adjusted research, 

including analyses of vaccine types, dosing intervals, and underlying immunological mechanisms, 

to develop optimized vaccination strategies by age group. 
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