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Background. The mortality rates of coronavirus disease 2019 (COVID-19) have been changed across the epidemiological 
waves. The aim was to investigate the differences in mortality rates of COVID-19 patients in Japan across the 6 epidemiological 
waves stratified by age group and Coronavirus Clinical Characterisation Consortium (4C) mortality score risk group.

Methods. A total of 56 986 COVID-19 patients in the COVID-19 Registry Japan from 2 March 2020 to 1 February 2022 were 
enrolled. These patients were categorized into 4 risk groups based on their 4C mortality score. Mortality rates of each risk group 
were calculated separately for different age groups: 18–64, 65–74, 75–89, and ≥90 years. In addition, mortality rates across the wave 
periods were calculated separately in 2 age groups: <75 and ≥75 years. All calculated mortality rates were compared with reported 
data from the United Kingdom (UK) during the early epidemic.

Results. The mortality rates of patients in Japan were significantly lower than in the UK across the board, with the exception of 
patients aged ≥90 years at very high risk. The mortality rates of patients aged ≥75 years at very high risk in the fourth and fifth wave 
periods showed no significant differences from those in the UK, whereas those in the sixth wave period were significantly lower in all 
age groups and in all risk groups.

Conclusions. The present analysis showed that COVID-19 patients had a lower mortality rate in the most recent sixth wave 
period, even among patients ≥75 years old at very high risk.
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There have been >570 million confirmed cases of coronavirus 
disease 2019 (COVID-19) caused by the severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2), with >6.4 million 
deaths worldwide as of August 2022 since the outbreak in 
Wuhan, China, in 2019 [1]. COVID-19 severity and mortality 

are affected by a variety of factors, including age, race, public 
health policy, and the medical care system [2–6].

Old age is a well-known risk factor for COVID-19 severity and 
mortality [7]. Japan has become a “super-aged” society, in which 
the population of elderly people aged 65 years or older (29.3% in 
2021) exceeds 21% of the population according to the World 
Health Organization definition [8]. The Japan Gerontological 
Society (JGLS) and the Japan Geriatrics Society (JGS) proposed 
an alternative definition in which people aged 75 years or older 
are considered as elderly patients because of their maintained 
physical and psychological health [9]. Based on this concept, el-
derly COVID-19 patients aged 65 years or older have been ac-
tively hospitalized and treated in Japan [7].

The clinical presentation of COVID-19 is highly variable, 
with most patients presenting with mild symptoms, though 
some patients develop severe respiratory failure [3]. 
Therefore, risk prediction is essential for efficient management 
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and triaging of COVID-19 patients. The Coronavirus Clinical 
Characterisation Consortium (4C) mortality score is a risk 
stratification score for COVID-19 patients derived from a large 
and diverse cohort within the United Kingdom (UK) during 
the initial phase of the pandemic [10]. Although the 4C mortal-
ity score is used and has been validated worldwide [7–9], strat-
egies for COVID-19 prevention and management have 
changed over time with the development of vaccines and new 
treatment options, including antiviral agents, SARS-CoV-2 
neutralizing antibodies, immunomodulators, and anticoagu-
lants [3, 11, 12]. Furthermore, the clinical features of 
COVID-19 have changed due to the emergence and spread of 
new variants of SARS-CoV-2 with different infectivity and 
pathogenicity [13]. Although differences in mortality rates of 
COVID-19 patients in the different epidemiological wave peri-
ods have been examined in several countries [14, 15], how the 
mortality rates of COVID-19 patients in each risk group of the 
4C mortality scores differ with the age of patients in the 
different epidemiological wave periods has not been fully 
investigated.

The COVID-19 Registry Japan (COVIREGI-JP) is the largest 
nationwide registry of hospitalized patients with laboratory- 
confirmed COVID-19, in which 56 986 COVID-19 patients 
collected from 708 Japanese healthcare facilities from the start 
of the COVIREGI-JP on 2 March 2020 to 1 February 2022 were 
enrolled [4, 16]. The purpose of this study was to investigate the 
differences in the mortality rates of COVID-19 patients in 
Japan across the 6 epidemiological wave periods, stratified by 
age and 4C mortality score risk group using the data from 
COVIREGI-JP.

METHODS

The institutional review board approved this retrospective, ob-
servational study and waived the requirement for informed 
consent from the patients. This study initially enrolled all the 
56 986 COVID-19 patients from 708 voluntarily participating 
Japanese healthcare facilities registered in COVIREGI-JP 
from 2 March 2020 to 1 February 2022 [16]. The inclusion cri-
teria for COVIREGI-JP were (1) a positive SARS-CoV-2 test 
[17] and (2) inpatient treatment at a healthcare facility 
[4, 16]. For patients with multiple COVID-19 hospitalizations, 
each admission was included [4]. Some eligible inpatients who 
refused to participate by opting out or who were participating 
in other clinical studies have not been registered by the princi-
pal investigator’s decision [4]. All the study data were collected 
and managed using the Research Electronic Data Capture 
(REDCap), a secure web-based data capture application hosted 
at the Joint Center for Researchers, Associates and Clinicians 
data center of the National Center for Global Health and 
Medicine [18]. Data monitoring and outlier queries were per-
formed at the data center.

The 4C mortality scores (0 to 21) were calculated based on 
the patient data using 8 independent parameters at the time 
of admission, including age, sex, number of comorbidities, re-
spiratory rate, peripheral oxygen saturation level, Glasgow 
Coma Scale score, blood urea nitrogen level, and C-reactive 
protein level [10]. Missing values were given 0 points. The pa-
tients were categorized into 4 risk groups based on their 4C 
mortality score: low (0–3), intermediate (4–8), high (9–14), 
and very high (15–21) [10].

The mortality rates of COVID-19 patients, defined as the 
number of deaths divided by the total number of patients, 
were calculated in the following 3 ways: 

1. Mortality rates for each 4C mortality score risk group were 
calculated separately in different age groups stratified by 
JGLS and JGS: 18–64 years, 65–74 years, 75–89 years, and 
≥90 years [9]. Of a total of 56 986 registered patients, those 
whose age was unknown (n = 3742) were excluded, and the 
remaining 53 244 patients were enrolled to calculate mortal-
ity rates for each 4C score risk group in different JGLS and 
JGS age groups.

2. The mortality rates for each 4C mortality score risk group 
were calculated separately in the different epidemiological 
wave periods in Japan. The epidemiological wave periods 
in Japan were defined using the data from the COVID-19 
situation reports provided by the Japanese Ministry of 
Health, Labour and Welfare; a single wave was determined 
to start at a trough of daily recorded COVID-19 cases, which 
rose to a defined peak before falling to another trough [19]. 
This established 6 epidemiological waves: the first wave 
from 2 March 2020 to 8 June 2020; the second wave from 
9 June 2020 to 23 September 2020; the third wave from 24 
September 2020 to 2 March 2021; the fourth wave from 3 
March 2021 to 21 July 2021 (dominated by the Alpha vari-
ant); the fifth wave from 22 July 2021 to 22 November 
2021 (dominated by the Delta variant); and the sixth wave 
from 23 November 2021 to 1 February 2022 (dominated 
by the Omicron variant) [19]. Mortality rates of the second 
to sixth wave periods were compared with the first wave pe-
riod. In the comparison of epidemiological wave periods, 
patients whose date of admission was unknown (n = 6541) 
were excluded, and the remaining 50 455 patients were 
included.

3. Mortality rates for each 4C mortality score risk group across 
all epidemiological wave periods were calculated separately 
for 2 age groups: <75 years and ≥75 years. Patients whose 
age and date of admission were unknown (n = 8295) were 
excluded.

All of the above mortality rates were compared with reported 
data from the UK, which are based on the early epidemic data 
of the UK from 6 February to 29 June 2020 [10]. To assess 
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significance, the χ2 test was used for analysis of categorical var-
iables. For all analyses, P < .05 was considered significant.

RESULTS

The mortality rates separated into different age groups are 
shown in Table 1 and Figure 1A. The overall mortality rates 
was significantly lower in Japan than in the UK (P < .05). The 
mortality rates in each age group were also significantly lower 
in Japan than in the UK (all P < .05) (Figure 1A and Table 1). 

When stratified by 4C mortality score risk groups, the mortality 
rates of patients aged ≥90 years at intermediate and very high 
risk were not significantly different between Japan and the 
UK (all P > .05, respectively) (Figure 1A and Table 1).

The mortality rates separated into different epidemiological 
wave periods are shown in Table 2 and Figure 1B. The mortality 
rates in the second to sixth wave periods were significantly low-
er than in the first wave (all P < .05). When stratified by 4C 
mortality score risk group, the mortality rate in the second 
wave period of patients at low risk and the mortality rates in 

Table 1. Mortality Rates of Patients With Coronavirus Disease 2019 by Age Group, Stratified by 4C Mortality Score Risk Group

4C Mortality Score Risk 
Group

Age Group, y

Overall United Kingdom18–64 65–74 75–89 ≥90

All 4C score .68%a (217/32 040) 5.0%a (418/8435) 14%a (1419/10 482) 23%a (519/2287) 4.8%a (2573/53 244) 31.3% (18 155/57 924)

Low (0–3) .078%a (17/21 857) 0/0 0/0 0/0 .078%a (17/21 857) 1.5% (65/4224)

Intermediate (4–8) 1.3%a (126/9411) 1.9%a (107/5577) 4.2%a (145/3440) 9.2% (41/447) 2.2%a (419/18 875) 9.4% (1237/13 166)

High (9–14) 9.5%a (73/771) 10%a (287/2786) 17%a (1108/6714) 24%a (423/1745) 16%a (1891/12 016) 34% (9976/29 755)

Very high (15–21) 100% (1/1) 33%a (24/72) 51%a (166/328) 58% (55/95) 50%a (246/496) 64% (6877/10 679)

Numbers indicate number of deaths/total number of patients (%). P values were assessed by χ2 test compared with the reported data from the United Kingdom.  

Abbreviation: 4C, Coronavirus Clinical Characterisation Consortium.  
aP < .01.

Figure 1. A–D, The mortality rates of patients with coronavirus disease 2019 (COVID-19) in each Coronavirus Clinical Characterisation Consortium (4C) mortality score risk 
group (low, intermediate, high, and very high) are compared in each age group (A), in each epidemic wave period (B), in patients aged <75 years in each epidemic wave period 
(C ), and in patients aged ≥75 years in each epidemic wave period (D).
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the second to sixth wave periods of patients at intermediate and 
high risk were significantly lower than those of the first wave 
periods (all P < .05). The mortality rate of patients at very 
high risk was significantly lower in the sixth wave period 
than in the first wave period (P < .05).

The mortality rates separated into different epidemiological 
wave periods and subdivided into patients aged <75 years and 
≥75 years are shown in Figure 1C and Table 3, and Figure 1D
and Table 4, respectively. The overall mortality rates of patients 
aged <75 years and ≥75 years were both significantly lower in 
Japan than in the UK (all P < .05) (Figure 1C and 1D and 
Tables 3 and 4). When stratified by 4C mortality score risk group 
and separated into epidemiological periods, the mortality rates of 
patients aged ≥75 years at intermediate and very high risk in the 
first wave period showed no significant differences from those in 
the UK (all P > .05) (Figure 1C and Table 3). The mortality rates 
both of patients aged <75 years and those aged ≥75 years at very 
high risk in the fourth and fifth wave periods also showed no sig-
nificant differences from those in the UK (all P > .05) (Figure 1C 
and 1D and Tables 3 and 4). On the other hand, the mortality 
rate of patients aged ≥75 years at very high risk in the sixth 
wave period was significantly lower in Japan than in the UK 
(P < .05) (Figure 1D and Table 4).

DISCUSSION

The present analysis showed that mortality rates of COVID-19 
patients in all age groups <90 years were significantly lower in 
Japan than in the UK during the first epidemic wave period, re-
gardless of 4C score risk group. In Japan, all elderly COVID-19 
patients were actively hospitalized regardless of symptomatic 
severity [3, 7]. Since early supportive care may prevent severe 
outcomes in elderly COVID-19 patients [20], this policy may 
have reduced the mortality of elderly COVID-19 patients in 
Japan. Furthermore, the present analysis showed that the over-
all mortality rates were significantly lower in the second to fifth 
wave periods than in the first wave period. Throughout the pre-
sent study period, posthospitalization treatment in Japan 
evolved. As the understanding of the pathogenesis of 
COVID-19 improved, more effective treatments including cor-
ticosteroids, remdesivir, and anticoagulants were introduced 
after the second wave period [3, 12]. Matsunaga et al reported 
the results of the nationwide COVID-19 cohort in Japan [3]. Of 
the first 3 waves prior to the widespread use of vaccination, the 
mortality rates in Japan were highest in patients aged >65 years 
in the first wave period [3]. Pharmacological treatments includ-
ing corticosteroids in combination with antivirals reduce the 
mortality risk of elderly COVID-19 patients [20]. The severity 
of COVID-19 varies by SARS-CoV-2 variants [13, 21]. In addi-
tion, the present analysis showed that mortality rates of patients 
aged ≥90 years at very high risk were not significantly different 
in Japan from those in the UK. When separated into different Ta
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epidemiological wave periods, mortality rates of patients at very 
high risk in the second to fifth wave periods did not differ sig-
nificantly from that in the first wave. The mortality rate of pa-
tients at very high risk in the fourth and fifth wave periods were 
not significantly different in Japan from those in the UK. This 
may suggest that advances in treatments such as hospitaliza-
tion, careful supportive care, and widespread application of ste-
roids and remdesivir did not contribute to the improvement in 
the prognosis of very high-risk patients, especially those aged 
≥75 years prior to the sixth wave period.

During the sixth wave period in Japan, COVID-19 patients 
were infected predominantly with the Omicron variant [19]. 
Previous reports have suggested significantly lower severity 
and mortality risk for COVID-19 patients infected with the 
Omicron variant compared to other variants [13, 21]. In addi-
tion, the medical situation in the sixth wave period in Japan 
surrounding the COVID-19 pandemic also changed rapidly 
with the increased accessibility of oral antivirals, neutralizing 
antibodies, and vaccines. Such factors may have been associate 
with the significantly low mortality rate of patients in Japan 
during the sixth wave period, seen even in patients aged 
≥75 years at very high risk.

The present research has some limitations. First, an exact 
comparison of mortality rates of COVID-19 patients in Japan 
and in the UK in each epidemic wave period is not possible be-
cause the data from the UK were based only on the early stage 
of the epidemic. Second, the sample size in the sixth wave pe-
riod was limited, although it included all the patients registered 
in COVIREGI-JP by 1 February 2022. Third, the present study 
did not assess the independent effects of influential factors, in-
cluding true differences in the pathogenicity of each variant, or 
changes in treatment and vaccination rates. Systematic surveil-
lance is still necessary for rapid detection and characterization 
of new variants with increased virulence and/or resistance to 
current treatments and vaccines. Nevertheless, the mortality 
rate in COVID-19 patients has dropped to an unprecedented 
level in the current epidemiological wave period driven by 
the Omicron variant.

In conclusion, the present study showed the effects of 4C 
mortality score risk group, age group, and wave period on mor-
tality from COVID-19 in Japan. Further analysis based on other 
factors such as treatment, vaccination, and viral mutation is 
needed to develop strategies to further reduce mortality.
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