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Summary
Background Before widespread coronavirus disease (COVID-19) vaccinations, Japan experienced three COVID-19
epidemic waves. This study aimed to evaluate the characteristics of hospitalised COVID-19 patients and reveal tem-
poral changes.

Methods This study included 33,554 hospitalised patients with COVID-19 from 553 healthcare facilities. Data were
analysed by age group and epidemic wave (first wave, 01/01/2020−05/31/2020; second wave, 06/01/2020−10/31/
2020; and third wave, 11/01/2020−03/31/2021).

Findings By age group, 3% (under 18), 22% (young), 34% (middle-aged), and 41% (older patients) were aged 0-17,
18-39, 40-64, and >65 years; while 16%, 35%, and 49% were in the first, second, and third wave, respectively. The
patients’ overall median age (58 years; interquartile range, 39−74) was lowest and highest during the second and
third waves, respectively. The frequency of any comorbidity was lowest and highest during the second (44¢5%) and
third (63¢6%) waves, respectively. The symptoms at admission and exposure history differed considerably with age.
The overall case fatality rate (5%) was highest among older patients (11¢4%). Case fatality rate was highest and lowest
during the first (7¢3%) and second (2¢8%) waves, respectively. Medication use changed over time.

Interpretation Although the overall case fatality rate remained relatively low, it was more than twice as high among
older patients. After adjusting for age and comorbidities, the risk of death was highest in the first wave.
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Research in context

Evidence before this study

The novel coronavirus infection (COVID-19) has become
a public health threat worldwide; however, the epidemi-
ological characteristics of patients differ significantly
between Western countries and Asia. Although multiple
epidemic waves of COVID-19 have occurred in Japan,
there has been no study using nationwide registry that
have clarified changes in the epidemiological character-
istics of patients hospitalised for COVID-19 during the
epidemic waves.

We conducted a PubMed search between 1 Decem-
ber 2019, and 30 November 2021, for articles published
in English using the keywords: (“COVID-19” OR “SARS-
CoV-2” OR “novel coronavirus” OR “2019-nCoV”) AND
(“Japan”) AND (“registry”) AND (“wave”). Our search
identified eight publications, of which five were related
to occupational health (two were on healthcare work-
ers), two were on response and preparedness for
COVID-19, and one was on the epidemiology of sub-
arachnoid haemorrhage during the COVID-19 pan-
demic. We found no report that used registry data to
determine the epidemiological status of hospitalised
patients during the epidemic waves in Japan. We also
conducted a PubMed search using the keywords:
("COVID-19" OR "SARS-CoV-2" OR "novel coronavirus"
OR "2019-nCoV") AND ("Japan") AND ("wave") AND ("
comparison"). Our search identified 11 papers. Of these,
four reported on prediction using mathematical models
in Japan; the number of infected people and deaths
using artificial intelligence in multiple countries; mortal-
ity statistics; and influence of population density, tem-
perature, and absolute humidity on the spread and
decay durations of COVID-19. Three studies focused on
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) genome sequences, cross-neutralizing activity
against SARS-CoV-2 variants, and SARS-CoV-2 PCR posi-
tivity. Two studies examined the effect of COVID-19 on
swimming and the step counts. One was a single-centre
comparison of the first-third waves with the fourth
wave. Another was an international comparison of per-
ception of and anxiety about COVID-19 infection and
risk behaviours.

Added value of this study

To the best of our knowledge, this is the largest study to
date describing the changes of clinical epidemiological
characteristics of inpatients with COVID-19 observed
during the three epidemic waves in Japan that occurred
prior to mass vaccination. Although the overall case
fatality rate remained low, the case fatality rate was
approximately twice as high among older patients and
varied with epidemic wave. Notably, case fatality rates
reduced in the third wave compared to the first wave
despite an increase in the median age and comorbidity.
The medications and supportive care for COVID-19
changed over time in Japan. The epidemiological and
clinical characteristics differed greatly among each age
group.

Implications of all available evidence

We present important epidemiological information in
an Asian population with lower comorbidities than
other populations. As vaccination rates and virus var-
iants increase, changes in the epidemiological charac-
teristics of COVID-19 are inevitable. Our findings could
provide baseline data to track these changes. After
adjusting for the age and comorbidities, the risk of
death was highest in the first wave. The case fatality
rate among older adults remained high, suggesting the
need to target this age group for prevention and
treatment.
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Introduction
Coronavirus disease (COVID-19) has been prevalent in
Japan since January 2020 with substantial variation in
the number of cases. As of August 2021, the fifth wave
of the epidemic is underway.1 During this period, there
have been various changes in approaches to COVID-19
prevention, diagnosis, and treatment strategies, includ-
ing changes in the criteria for hospitalisation, and the
start of COVID-19 vaccination.

Various drugs, including those with uncertain effi-
cacy at the time, were initially used in Japan;2 however,
emerging evidence continues to influence domestic
guidelines and clinical practice.3 The criteria for hospi-
talisation have also changed. In the beginning of the
pandemic, almost all patients with COVID-19 were hos-
pitalised; however, as the spread of the infection pro-
gressed, the target population for hospitalisation was
changed to patients with or at risk of severe disease.4

In Japan, COVID-19 vaccination began in February
2021, and healthcare workers and older adults were pri-
oritised. As of 31 March 2021, the proportion of people
fully vaccinated against COVID-19 was 0¢1%
(n=125,580) (partly vaccinated, 0¢7% [n=877,157]) of the
total population of Japan.5

The characteristics of hospitalised patients with
COVID-19 in Japan during the early phase of the epi-
demic were previously reported using a nationwide reg-
istry. The epidemiological characteristics were different
from those in Western countries, with lower case fatality
rate and comorbidity frequency in our cohort.2 To the
best of our knowledge, no comprehensive analysis
examining whether case fatality rate and clinical epide-
miological characteristics had changed during subse-
quent epidemic waves was conducted. A previous study
compared patients by severity of illness,2 but not by age
group. Little is known regarding the effect of repeated
epidemic waves on the clinical epidemiology of COVID-
19 inpatients in Asian countries, where individuals have
fewer comorbidities and lower body mass index (BMI)
measures than individuals in Western countries.6

This study aimed to determine the characteristics of
hospitalised COVID-19 patients in each epidemic wave
www.thelancet.com Vol 22 Month May, 2022
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and different age groups prior to widespread vaccina-
tion.
Methods

Study design and patients
This was an observational study. Healthcare facilities
that voluntarily participated in the COVID-19 Regis-
try Japan (COVIREGI-JP) enrolled the patients.
Research collaborators in each facility manually
input the data into the registry. The inclusion criteria
for enrolment were (i) a positive severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) test
result7 and (ii) inpatient treatment at a healthcare
facility. COVIREGI-JP details are described
elsewhere.2,8 In this analysis, we also included the
hospitalisation episodes of patients who were trans-
ferred from other facilities and who met the afore-
mentioned inclusion criteria.
Data collection and case report form
We modified the case report form of the Interna-
tional Severe Acute Respiratory and Emerging Infec-
tion Consortium (ISARIC) to enable the collection of
clinical epidemiological information and treatment
data in Japan.9 The study data were collected and
managed using Research Electronic Data Capture
(REDCap), a secure web-based data capture applica-
tion hosted at the Japan Clinical Research Assist
Center (JCRAC) of the National Center for Global
Health and Medicine (NCGM).10
Data set
The COVIREGI-JP was started on 2 March 2020;
however, data could be entered retrospectively. We
used data for patients who were admitted on or
before 31 March 2021, and whose data, including all
of the following major items, had been entered and
fixed (i.e., the data of these major items were fixed
and the facility was unable to make any more modifi-
cation) as of 30 April 2021: demographics and epide-
miological characteristics, comorbidities, signs and
symptoms at admission, outcome at discharge, sup-
portive care, history of drug administration, and
complications during hospitalisation. Available num-
ber of cases for each parameter differed due to miss-
ing data. If an “Unknown” option was selected
instead of none of the options selected, “Unknown”
was not treated as missing data; it was counted sepa-
rately. Only the following parameters included
“Unknown” as an option: exposure within 14 days,
smoking/drinking history, symptoms, and complica-
tions during admission. The number of patients for
parameters with “Unknown” information are listed
in Table 1 or in Supplementary Table 1.
www.thelancet.com Vol 22 Month May, 2022
Age groups
Age was categorized and analysed in four groups as fol-
lows: (i) under 18 (0−17 years), (ii) young (18−39 years),
(iii) middle age (40−64 years), and (iv) older patients
(≥65 years).
COVID-19 epidemic waves
COVID-19 epidemic waves were defined as follows
using the admission date: (i) first wave (Wave 1), 01/01/
2020−05/31/2020; (ii) second wave (Wave 2), 06/01/
2020−10/31/2020; and (iii) third wave (Wave 3), 11/01/
2020−03/31/2021.1,11 For cases where the SARS-CoV-2
test date was after the admission date (e.g., hospital-
acquired COVID-19 cases), the test date was used
instead of the admission date.
Definitions
“Severe disease at admission” was defined as requiring
invasive or non-invasive mechanical ventilation, supple-
mental oxygen, SpO2 ≤ 94% on room air, and/or
tachypnoea (respiratory rate ≥24 breaths per minute).12

“Obesity” was defined as a body mass index (BMI) ≥
25 due to the small number of patients with BMIs ≥ 30.
Oxygen support
If the patient received more than one type of oxygen
support during the hospitalisation, only one higher level
of oxygen support was counted (i.e. extracorporeal
membrane oxygenation (ECMO)> invasive mechanical
ventilation (IMV)> bilevel positive airway pressure/con-
tinuous positive airway pressure (BIPAP/CPAP)>high-
flow nasal cannula>other oxygen support).
History of drug administration during hospitalisation
Information on SARS-CoV-2 antiviral drugs, medica-
tions with immunomodulatory and/or immunosup-
pressive effects against COVID-19, antibiotics,
antifungal drugs, and anticoagulants was collected.
These medications were included in the analysis as
described in the statistical analysis section, if they were
administered at least once during the hospitalisation
period. If more than one drug was used in one patient,
each drug was counted separately, regardless of whether
they were administered concurrently. If one drug was
administered during the different periods of hospitalisa-
tion, it was counted as one.
Statistical analysis
Continuous variables are described as medians and
interquartile ranges (IQRs). As the number of missing
values differed for each parameter, the number of cases
in each parameter's age/wavecategory was used as the
denominator for calculating the percentage.
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Age category Wave category

Number of
cases

Subcategories Total Under 18
(0−17 years)

Young
(18−39 years)

Middle age
(40−64 years)

Older
(≥65 years)

Wave 1 Wave 2 Wave 3

Demographics

Male sex 33,551 18,985 (56¢6) 608 (55¢1) 4030 (55¢2) 7424 (64¢9) 6917 (50¢5) 3139 (58¢5) 6784 (58) 9062 (55)

Female sex 14,566 (43.4) 496 (44.9) 3277 (44.8) 4020 (35.1) 6770 (49.5) 2233 (41.5) 4908 (42) 7428 (45)

Age (median) [IQR], years 33,542 58 [39, 74] 9 [3, 14] 28 [23, 34] 53 [47, 58] 77 [71, 85] 56 [40, 71] 50 [30, 69] 64 [47, 78]

Wave 33,554 First 5372 (16) 109 (9¢9) 1175 (16¢1) 2138 (18¢7) 1949 (14¢2)
Second 11,692 (34¢8) 459 (41¢6) 3772 (51¢6) 3924 (34¢3) 3532 (25¢8)
Third 16,490 (49¢1) 536 (48¢6) 2360 (32¢3) 5382 (47) 8206 (60)

Japanese ethnicity 33,190 31,680 (95¢5) 955 (87¢5) 6561 (90¢7) 10,747 (95) 13,407 (99) 5125 (95¢7) 10,950 (94¢1) 15,605 (96¢3)
Former or current smoker 33,460 11,721 (35) 12 (1.1) 2399 (32.9) 4977 (43¢6) 4332 (31¢7) 1882 (35¢2) 4420 (38) 5419 (32¢9)
Alcohol consumption a 32,866 Daily 2297 (7) 2 (0¢2) 589 (8¢2) 1130 (10¢1) 576 (4¢3) 347 (7¢3) 1049 (9) 901 (5¢5)

Occasional 10,525 (32) 7 (0¢6) 2941 (41¢2) 4553 (40¢9) 3021 (22¢4) 1436 (30¢1) 4157 (35¢7) 4932 (30)

BMI (median) [IQR], kg/m2 27,180 23¢3 [20¢7,
26¢3]

18¢2 [16,

20¢7]
22¢4 [20¢1,
25¢7]

24¢7 [22¢1,
27¢8]

22¢8 [20¢3,
25¢3]

23¢1 [20¢5, 26] 23¢1 [20¢5,
26¢3]

23¢4 [20¢8,
26¢4]

Immunosuppressionb 32,840 708 (2¢2) 8 (0¢7) 57 (0¢8) 212 (1¢9) 431 (3¢2) 145 (2¢8) 199 (1¢7) 364 (2¢3)
Exposure within 14 days

Travel to COVID-19 epi-

demic countries

33,329 564 (1¢7) 36 (3¢3) 189 (2¢6) 196 (1¢7) 143 (1¢1) 345 (6¢4) 132 (1¢1) 87 (0¢5)

Close contact with COVID-

19 casesc
33,358 18,269 (54¢8) 914 (83) 3671 (50¢5) 5475 (48¢2) 8203 (60¢3) 3035 (56¢5) 6039 (51¢8) 9195 (56¢3)

Unknown 3915 (11¢7) 40 (3¢6) 793 (10¢9) 1468 (12¢9) 1614 (11¢9) 654 (12¢2) 1212 (10¢4) 2049 (12¢6)
Contact details 33,554 Family 6968 (20¢8) 713 (64¢6) 948 (13) 2178 (19) 3128 (22¢9) 912 (17) 2273 (19¢4) 3783 (22¢9)

Workplace 3354 (10) 2 (0¢2) 1288 (17¢6) 1656 (14¢5) 407 (3) 601 (11¢2) 1265 (10¢8) 1488 (9)

Healthcare facility 4785 (14¢3) 2 (0¢2) 346 (4¢7) 675 (5¢9) 3760 (27¢5) 913 (17) 1049 (9) 2823 (17¢1)
Educational facility 253 (0¢8) 143 (13) 75 (1) 24 (0¢2) 10 (0¢1) 15 (0¢3) 108 (0¢9) 130 (0¢8)

Meals with more than 3

persons (excl. family

members)

32,783 4643 (14¢2) 95 (8¢7) 1605 (22¢5) 1595 (14¢4) 1346 (10) 539 (11¢2) 2030 (17¢4) 2074 (12¢7)

Unknown 9554 (29¢1) 204 (18¢7) 2050 (28¢7) 3537 (31¢9) 3763 (28) 1951 (40¢4) 3218 (27¢6) 4385 (26¢9)
Stay in a closed and

crowded spaced
32,761 4533 (13¢8) 74 (6¢8) 1645 (23¢1) 1561 (14¢1) 1250 (9¢3) 658 (13¢6) 2177 (18¢7) 1698 (10¢4)

Unknown 8745 (26¢7) 181 (16¢6) 1960 (27¢5) 3389 (30¢6) 3215 (23¢9) 1683 (34¢9) 2875 (24¢7) 4187 (25¢7)
Occupation

Healthcare worker 32,811 1753 (5¢3) 3 (0¢3) 667 (9¢3) 894 (8) 188 (1¢4) 455 (9¢4) 507 (4¢3) 791 (4¢9)

Table 1 (Continued)
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Age category Wave category

Number of
cases

Subcategories Total Under 18
(0−17 years)

Young
(18−39 years)

Middle age
(40−64 years)

Older
(≥65 years)

Wave 1 Wave 2 Wave 3

Restaurant worker 32,753 1128 (3¢4) 1 (0¢1) 423 (5¢9) 427 (3¢8) 277 (2¢1) 164 (3¢4) 555 (4¢8) 409 (2¢5)
Specific service workere 32,744 775 (2¢4) 2 (0¢2) 503 (7¢1) 200 (1¢8) 70 (0¢5) 126 (2¢6) 446 (3¢8) 203 (1¢2)
Conditions at

admissionf

Days from symptom

onset to hospitalisation

(Median) [IQR]

30,244 5 [2, 7] 3 [1, 5] 4 [2, 7] 5 [3, 8] 4 [2, 7] 7 [4, 10] 4 [2, 7] 4 [2, 7]

Severe condition at

admission

33,554 9587 (28¢6) 214 (19¢4) 567 (7¢8) 2906 (25¢4) 5898 (43¢1) 1767 (32¢9) 2544 (21¢8) 5276 (32)

O2 administration

method

33,287 Room air 28,537 (85¢7) 1045 (99¢4) 7115 (98¢1) 10,031 (88¢2) 10,335 (76) 4417 (82¢7) 10,451 (90¢1) 13,669 (83¢6)

O2 administration 4312 (13) 6 (0¢6) 129 (1¢8) 1174 (10¢3) 3002 (22¢1) 779 (14¢6) 1025 (8¢8) 2508 (15¢3)
BiPAP/CPAP, IMV, ECMO 438 (1¢3) 0 (0) 7 (0¢1) 173 (1¢5) 258 (1¢9) 143 (2¢7) 121 (1) 174 (1¢1)

O2 administered through 4306 Cannula 2941 (68¢3) 4 (66¢7) 102 (79¢1) 836 (71¢4) 1998 (66¢6) 490 (63) 734 (71¢8) 1717 (68¢5)
Mask 812 (18¢9) 2 (33¢3) 22 (17¢1) 201 (17¢2) 587 (19¢6) 152 (19¢5) 167 (16¢3) 493 (19¢7)
Reservoir mask 484 (11¢2) 0 (0) 5 (3¢9) 117 (10) 362 (12¢1) 126 (16¢2) 106 (10¢4) 252 (10¢1)
High-flow therapy 69 (1¢6) 0 (0) 0 (0) 17 (1¢5) 52 (1¢7) 10 (1¢3) 15 (1¢5) 44 (1¢8)

Signs and symptoms on

admissiong

Asymptomatic on

admission

33,084 3029 (9¢2) 320 (29¢2) 582 (8¢1) 621 (5¢5) 1505 (11¢1) 321 (6¢5) 1183 (10¢1) 1525 (9¢3)

Fever (≥37¢5°C) 33,536 16,208 (48¢3) 319 (28¢9) 2911 (39¢9) 6222 (54¢4) 6751 (49¢4) 2807 (52¢3) 5198 (44¢5) 8203 (49¢8)
Cough 33,536 16,295 (48¢6) 306 (27¢7) 3464 (47¢4) 6493 (56¢8) 6025 (44) 2816 (52¢5) 5228 (44¢7) 8251 (50¢1)
Bloody sputum 16,252 242 (1¢5) 2 (0¢7) 41 (1¢2) 95 (1¢5) 103 (1¢7) 43 (1¢5) 69 (1¢3) 130 (1¢6)
Sore throat 33,539 5415 (16¢1) 133 (12¢1) 1763 (24¢1) 2247 (19¢6) 1270 (9¢3) 722 (13¢4) 2050 (17¢5) 2643 (16)

Rhinorrhoea 33,539 3084 (9¢2) 246 (22¢3) 1060 (14¢5) 1090 (9¢5) 687 (5) 441 (8¢2) 898 (7¢7) 1745 (10¢6)
Dyspnoea 33,542 6941 (20¢7) 18 (1¢6) 988 (13¢5) 2857 (25) 3078 (22¢5) 1350 (25¢1) 2005 (17¢2) 3586 (21¢8)
Chest pain 33,541 932 (2¢8) 4 (0¢4) 240 (3¢3) 448 (3¢9) 240 (1¢8) 182 (3¢4) 332 (2¢8) 418 (2¢5)
Myalgia 33,542 2876 (8¢6) 21 (1¢9) 777 (10¢6) 1426 (12¢5) 651 (4¢8) 372 (6¢9) 1005 (8¢6) 1499 (9¢1)
Headache 33,535 5119 (15¢3) 115 (10¢4) 1721 (23¢6) 2429 (21¢2) 852 (6¢2) 717 (13¢4) 1994 (17¢1) 2408 (14¢6)
Fatigue 33,535 11,700 (34¢9) 101 (9¢1) 2472 (33¢8) 4795 (41¢9) 4328 (31¢6) 2076 (38¢7) 3948 (33¢8) 5676 (34¢4)
Abdominal pain 33,528 608 (1¢8) 21 (1¢9) 176 (2¢4) 227 (2) 184 (1¢3) 124 (2¢3) 216 (1¢8) 268 (1¢6)
Vomit 33,528 1230 (3¢7) 25 (2¢3) 302 (4¢1) 452 (4) 451 (3¢3) 207 (3¢9) 444 (3¢8) 579 (3¢5)
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Age category Wave category

Number of
cases

Subcategories Total Under 18
(0−17 years)

Young
(18−39 years)

Middle age
(40−64 years)

Older
(≥65 years)

Wave 1 Wave 2 Wave 3

Diarrhoea 33,530 3156 (9¢4) 69 (6¢3) 818 (11¢2) 1393 (12¢2) 875 (6¢4) 604 (11¢3) 1232 (10¢5) 1320 (8)

Dysgeusia 33,535 5415 (16¢1) 101 (9¢1) 2238 (30¢6) 2145 (18¢8) 929 (6¢8) 894 (16¢6) 2397 (20¢5) 2124 (12¢9)
Olfactory abnormality 33,532 4878 (14¢5) 87 (7¢9) 2219 (30¢4) 1881 (16¢4) 689 (5) 734 (13¢7) 2239 (19¢2) 1905 (11¢6)
Rash 32,897 224 (0¢7) 6 (0¢5) 58 (0¢8) 101 (0¢9) 59 (0¢4) 38 (0¢8) 93 (0¢8) 93 (0¢6)

Table 1: Patient demographics and clinical characteristics on admission
Data are presented as n (%) unless otherwise indicated.

As the number of missing values differed for each parameter, the number of cases in each parameter's age/wave category was used as the denominator for calculating the percentage.

Abbreviations: BiPAP/CPAP, bilevel positive airway pressure/continuous positive airway pressure; BMI, body mass index; IMV, invasive mechanical ventilation; ECMO, extracorporeal membrane oxygenation; IQR, interquartile

range.
a Daily, ≥3 cans of beer per day; occasional includes daily alcohol intake of <3 cans beer per day.
b Immunosuppression includes neutropenia (<500 neutrophils/mL); glucocorticoid/steroid use within 1 month (doses greater or equal to an equivalent of 20 mg of prednisone per day for at least 1 month); chemotherapy, radia-

tion therapy, or immunosuppressant use (such as antitumor necrosis factor a therapy, anti-IL-6 receptor/anti-CD20 monoclonal antibodies, selective T-cell co-stimulation blocker, methotrexate, tacrolimus) in the past 3 months;

and/or post-transplantation, asplenia, or primary immunodeficiency syndrome. Multiple immunosuppressants were used in some cases.
c “Close contact” was defined as in the International Severe Acute Respiratory and Emerging Infection Consortium case record form.9

d Close contact in closed and crowded spaces, include sports gyms, live music clubs, karaokes, game centers, buffets, indoor parties, conferences, or nightclubs/bars.
e Included nightlife business workers at bars and pubs, host and hostess clubs, nightclubs, and other similar businesses.28

f First available data at presentation/admission within 24 hours.
g Signs and symptoms observed/reported at admission and associated with the presented episode of acute illness.
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To compare the major characteristics and drug
administration during hospitalisation among the waves,
we conducted Kruskal-Wallis Rank Sum test for age,
and chi-square test for other variables. Bonferroni cor-
rection was used for pairwise comparisons among
waves (threshold of significant difference was 0.0167),
and corresponding 98.33% confidence intervals were
provided. To evaluate the effect of each wave on death,
we conducted a multivariable analysis using a relative
risk regression model, with death during hospitalisation
as the outcome. The parameters in the model were
selected by referring to previous evaluations.3,13 All sta-
tistical analyses were conducted using R, version 3.5.1
(R Core Team, Vienna, Austria).
Ethics
This study was approved by the NCGM ethics review
board (NCGM-G-004232-00). Information regarding
opting out of our study is available on the registry web-
site.
Role of the funding source
The funding source was not involved in the study.
Figure 1. The flowchart of the number of cases included in the stud
Twelve patients whose age was unknown were excluded in this
Details of “Non-fixed” cases (n=1,943: 5.5%) were as follows:
Inclusion criteria, 446 (1.3%); demographics and epidemiologica

symptoms, 1,049 (3.0%); outcome at discharge,1,416 (4.0%); supp
(3.7%); complication during hospitalisation, 1,390 (3.9%)
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Results
Data of 33,554 patients from 553 healthcare facilities
were included in the analysis (Figure 1). The available
number of cases differed depending on each parameter
due to missing data. The numbers of patients in each
age category were as follows: under 18, 1104 (3%);
young, 7307 (22%); middle age, 11,444 (34%); and older,
13,687 (41%). The numbers of patients in each COVID-
19 wave category were as follows: Wave 1, 5372 (16%);
Wave 2, 11,692 (35%); and Wave 3, 16,490 (49%).
Patient demographics and characteristics on admission
More than half of the patients were male (18,985
[56¢6%]), and 65% of middle-aged patients were males
(Table 1). There were fewer male patients in Wave 3
than in Wave 1 or 2 (estimated difference [ED]of Wave
1 vs Wave 3: 3.5% [1.6, 5.4], Wave 2 vs Wave 3: 3.1% [1.6,
4.5]) (Table 3). Most patients (31,680 [95¢5%]) were Japa-
nese. The median age of the entire cohort was 58 (IQR,
39−74) years. The median age was highest in Wave 3
(64 [47−78]), and lowest in Wave 2 (50 [30-69]); ED of
Wave 1 vs Wave 3: -6.0 [-7.0, 5.0], Wave 2 vs Wave 3:
-12.0 [-12.0, -11.0]) (Table 3). Waves 1, 2, and 3 comprised
36¢3% (1949/5372), 30¢2% (3532/11692), and 49¢8%
(8206/16490) of older patients, respectively.
y.
analysis.

l characteristics,740 (2.1%); comorbidities, 710 (2.0%); signs and
ortive care, 1,368 (3.9%); history of drug administration, 1,315
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Regarding exposure within 14 days of admission,
contact with positive or probable COVID-19 patient
accounted for 54¢8% (n=18,269) of cases. This was
most prevalent in the under 18 group (914 [83%]). The
frequent categories of exposure were different between
age groups and COVID-19 waves. Family, workplace,
and healthcare facility contact were more common
among patients aged <18 years, young and middle-aged
patients, and older patients, respectively. The proportion
of infections from family contact increased gradually in
the later waves. Young patients had the highest fre-
quency of having meals with more than three persons
or staying in crowded places. Healthcare workers consti-
tuted 5¢3% (n=1,753) of the cases. This proportion was
highest during Wave 1 (455 [9¢4%]). The proportion of
restaurant and nightlife business workers was highest
during Wave 2.

Regarding conditions at admission, the median
duration from symptom onset to hospitalisation in days
was longest in the middle-aged group (5 [3, 8]) and dur-
ing Wave 1 (7 [4, 10]). Young patients had least severe
disease at admission (567 [7¢8%]). The incidence of
severe disease at admission was lowest during Wave 2
(2,544 [21¢8%]) (ED of Wave 1 vs Wave 2: 11.1 % [9.3,
12.9], Wave 2 vs Wave 3: -10.2% [-11.5, -9.0]) (Table 3).
Oxygen was administered to 13% (n=4,312) of all
patients on admission. Oxygen administration was
highest among older patients (3,002 [22¢1%]).

Regarding the signs and symptoms at hospital
admission, overall, 9¢2% (n=3,029) reported no symp-
toms. In the under 18 group, 29¢2% (n=320) were
asymptomatic at hospital admission. Approximately
half of the patients had a fever and cough. The fre-
quency of some symptoms varied considerably with
age. Sore throat was more common among young
(1,763 [24¢1%]) and middle-aged (2,247 [19¢6%])
patients, and rhinorrhoea was more common among
under 18 (246 [22¢3%]) and young (1,060 [14¢5%])
patients. Dyspnoea was most common among middle-
aged patients (2,857 [25%]). Muscle pain, headache, and
diarrhoea were more common among young and mid-
dle-aged patients. Fever, cough, and fatigue were most
frequent among middle-aged patients. Taste (2,238
[30¢6%]) and smell disorders (2,219 [30¢4%]) were most
common among young patients.
Comorbidities
The complication rate of any comorbidity increased with
age (Figure 2). Obesity was the most common comor-
bidity among young and middle-aged patients. Hyper-
tension, obesity, and diabetes were the most common
comorbidities among older patients. The frequency of
any comorbidity was lowest and highest during Waves 2
and 3, respectively. In comparison of the major comor-
bidities between the waves, the frequency of cardiovas-
cular disease and diabetes mellitus was highest in Wave
3, followed by Waves 1 and 2 (ED of Wave 1 vs Wave 3:
-0.9% [-1.8, -0.1] for cardiovascular disease, -3.4% [-4.8,
-2.0] for diabetes; Wave 2 vs Wave 3: -2.4% [-3.0, -1.8] for
cardiovascular disease, -6.4% [-7.5, -5.4] for diabetes)
(Table 3). Hypertension was most frequent in Wave 3,
followed by Waves 2 and 1 (ED of Wave 2 vs Wave 3:
-12.6% [-13.9, -11.3]; Wave 1 vs Wave 3: -17.3% [-18.8,
-15.7]). Chronic respiratory disease was less frequent in
Wave 2 than in the other waves (ED of Wave 1 vs Wave
2: 1.0% [0.2, 1.8]; Wave 2 vs Wave 3:-1.3% [-1.8, -0.7]).
Liver disease was more frequent in Wave 3 than Wave 2
(ED of Wave 2 vs Wave 3: -1.3% [-1.8, -0.7]. For obesity,
the frequency was highest in Wave 3 and lowest in
Wave 1. (ED of Wave 1 vs Wave 3: -2.5% [-4.5, -0.5]; Wave
2 vs Wave 3: -2.1% [-3.7, -0.6])
Supportive care, outcomes, and complications during
hospitalisation
In total, 7¢2% (n=2,409) of all patients and 10¢9%
(n=1,484) of the older patients were admitted to the
intensive care unit during their stays. This proportion
was highest during Wave 1 (Table 2). Overall, oxygen
was not administered in 65¢2% (n=21,589) of cases; oxy-
gen, such as nasal cannula, mask, or reservoir mask,
was administered in 27¢3% (n=9,156) of cases; and
high-flow oxygen therapy was used in 2¢1% (n=706) of
cases. Furthermore, 4¢3% (n=1,441) and 0¢4% (n=147)
of the patients were treated with IMV and ECMO,
respectively. A high-flow oxygen therapy was most fre-
quently used among older patients (3¢7% [509]) and dur-
ing Wave 3 (2¢5% [415]). IMV and BIPAP/CPAP use
were highest among older patients (IMV: 6¢8% [926],
BIPAP/CPAP: 1% [134]). IMV was most frequently used
during Wave 1 (8.2% [441]), and BIPAP/CPAP was
most frequently used during Wave 2 (0.9% [103]).
ECMO was most frequently used among middle-aged
patients (0¢8% [86]) and during Wave 1 (1¢5% [83]). Any
form oxygen use was lower in the Wave 2 than in Waves
1 and 3 (Table 3). (ED of Wave 1 vs Wave 2: 7.0% [5.5,
8.4]; Wave 2 vs Wave 3: -7.6% [-8.7, -6.6]). The use of
high-flow nasal cannula was most common in Wave 3
and least common in Wave 2 (ED of Wave 2 vs Wave 3:
-0.9% [-1.3, -0.5]). BIPAP/CPAP use was more common
in Wave 2 than in the other two waves (ED of Wave 1 vs
Wave 2: -0.3% [-0.6, 0.1], Wave 2 vs Wave 3: 0.3% [-0.01,
0.5]). IMV use was more common in Wave 1, followed
by Waves 3 and 2 (ED of Wave 1 vs Wave 3: 3.9% [3.0,
4.8], Wave 1 vs Wave 2: 4.5% [3.6, 5.4]). ECMO use was
highest in Wave 1, with similar frequency in Waves 2
and 3 (ED of Wave 1 vs Wave 3: 1.3% [0.9, 1.7], Wave 1 vs
Wave 2: 1.3% [0.8, 1.7].

Overall, 74¢1% (n=24,835) of patients were discharged
home from the hospitals, 11¢9% (n=3,983) were trans-
ferred to a different hospital, 4¢9% (n=1,656) were trans-
ferred to a non-medical facility such as hotels, 4¢1%
(n=1,386) were transferred to a long-term care facility, and
www.thelancet.com Vol 22 Month May, 2022



Figure 2. Comorbidities existing prior to COVID-19 hospitalisation.
Comorbidities that existed prior to the hospitalisation for coronavirus disease (COVID-19) were included. New-onset diseases

associated with COVID-19 were excluded. The number of cases with comorbidities data were 33,554 (obesity n=27,180). Definitions
were based on Charlson scores, unless otherwise specified 27. Cardiovascular disease includes myocardial infarction and congestive
heart failure. Chronic respiratory disease was defined as pulmonary disease in patients who were dyspnoeic with slight activity and
included chronic obstructive pulmonary disease. Bronchial asthma was diagnosed based on the physician’s diagnosis. Obesity was
defined as a body mass index ≥ 25.

Articles
5% (n=1,671) died. The proportion of deaths increased dra-
matically among older patients (11¢4% [1,559]).

Case fatality rate was highest and lowest during
Wave 1 (7¢3% [391]) and 2 (2¢8% [324]), respectively.
Case fatality rate was highest among patients who
received ECMO (29¢3% [43]), followed by those who
received IMV (25¢6% [369]), high-flow oxygen therapy
(23¢8% [168]), and BIPAP/CPAP (21¢6% [51]). Most
deaths were among older patients (93¢3%, n = 1559/
1671). In the old group, more than one-third of the
patients who were treated with IMV, and about half of
the patients who were treated with ECMO, died. Among
the older patients, approximately 17% (n=1,989) experi-
enced worsened self-care/walking ability and 11¢5%
(n=1,394) required oxygen upon discharge.
www.thelancet.com Vol 22 Month May, 2022
Bacterial pneumonia was the most common compli-
cation (5.3% [1,791]), followed by acute respiratory dis-
tress syndrome (ARDS) (4¢5% [1,501]). Deep vein
thrombosis and pulmonary embolism were diagnosed
in 0¢7% (n=215) and 0¢2% (n=77) of the patients, respec-
tively.
Epidemiologic curve of severity and death in middle-
aged and older patients
The severity of disease (indicated by respiratory sup-
ports during hospitalisation) and deaths among middle-
aged and older patients are shown in Figure 3, and
related values are presented in Supplementary Table 2.
Among middle-aged patients, IMV and/or ECMO were
9



Age category Wave category

Number
of cases

Subcategories Total Under 18 (0
−17 years)

Young (18
−39 years)

Middle age
(40−64 years)

Older (≥65
years)

Wave 1 Wave 2 Wave 3

Supportive therapy

during admissiona

Stay in ICU 33,539 2409 (7¢2) 1 (0¢1) 97 (1¢3) 826 (7¢2) 1484 (10¢9) 633 (11¢8) 709 (6¢1) 1067 (6¢5)
Oxygen supportb 33,545 No oxygen 21859 (65.2) 1086 (98.4) 6866 (94) 7778 (68) 6121 (44.7) 3304 (61.6) 8620 (73.7) 9935 (60.3)

Other oxygen sup-

port (e.g., nasal

cannula, mask)

9156 (27.3) 18 (1.6) 369 (5.1) 2827 (24.7) 5939 (43.4) 1397 (26) 2385 (20.4) 5374 (32.6)

High-flow nasal

cannula

706 (2.1) 0 (0) 16 (0.2) 181 (1.6) 509 (3.7) 110 (2) 181 (1.5) 415 (2.5)

BiPAP/CPAP 236 (0.7) 0 (0) 17 (0.2) 85 (0.7) 134 (1) 32 (0.6) 103 (0.9) 101 (0.6)

IMV 1441 (4.3) 0 (0) 30 (0.4) 484 (4.2) 926 (6.8) 441 (8.2) 371 (3.2) 629 (3.8)

ECMO 147 (0.4) 0 (0) 8 (0.1) 86 (0.8) 53 (0.4) 83 (1.5) 29 (0.2) 35 (0.2)

Prone therapy 30,294 732 (2¢4) 0 (0) 29 (0¢4) 276 (2¢7) 427 (3¢4) 141 (5¢5) 183 (1¢6) 408 (2¢5)
Nitric oxide inhalation

therapy

30,290 31 (0¢1) 0 (0) 5 (0¢1) 9 (0¢1) 17 (0¢1) 9 (0¢4) 10 (0¢1) 12 (0¢1)

Muscle relaxant 30,198 815 (2¢7) 0 (0) 22 (0¢3) 309 (3¢1) 484 (3¢9) 240 (9¢8) 195 (1¢7) 380 (2¢3)
Inotropic 33,525 837 (2¢5) 0 (0) 15 (0¢2) 238 (2¢1) 584 (4¢3) 270 (5) 206 (1¢8) 361 (2¢2)
RRT or dialysis 33,504 459 (1¢4) 0 (0) 6 (0¢1) 153 (1¢3) 300 (2¢2) 125 (2¢3) 112 (1) 222 (1¢3)
Blood transfusion 33,524 666 (2) 0 (0) 17 (0¢2) 167 (1¢5) 482 (3¢5) 261 (4¢9) 163 (1¢4) 242 (1¢5)
Immunoglobulin 33,518 254 (0¢8) 2 (0¢2) 12 (0¢2) 79 (0¢7) 161 (1¢2) 110 (2¢1) 51 (0¢4) 93 (0¢6)
Outcome at discharge

Outcome 33,531 Discharge 24,835 (74¢1) 1024 (92¢8) 6293 (86¢1) 9697 (84¢7) 7815 (57¢2) 3507 (65¢3) 9450 (80¢9) 11,878 (72¢1)
Transfer to differ-

ent hospital

3983 (11¢9) 15 (1¢4) 200 (2¢7) 989 (8¢6) 2777 (20¢3) 852 (15¢9) 1070 (9¢2) 2061 (12¢5)

Transfer to non-

medical facilityc
1656 (4¢9) 65 (5¢9) 801 (11) 593 (5¢2) 194 (1¢4) 500 (9¢3) 545 (4¢7) 611 (3¢7)

Transfer to long-

term care facility

1386 (4¢1) 0 (0) 10 (0¢1) 55 (0¢5) 1321 (9¢7) 120 (2¢2) 290 (2¢5) 976 (5¢9)

Dead 1671 (5) 0 (0) 3 (0) 108 (0¢9) 1559 (11¢4) 391 (7¢3) 324 (2¢8) 956 (5¢8)
Number of deaths after

oxygen supportb
33545

21,859 No oxygen 46 (0.2) 0 (0) 0 (0) 6 (0.1) 40 (0.7) 9 (0.3) 16 (0.2) 21 (0.2)

9156 994 (10.9) 0 (0) 1 (0.3) 31 (1.1) 962 (16.2) 200 (14.3) 165 (6.9) 629 (11.7)

Table 2 (Continued)
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Age category Wave category

Number
of cases

Subcategories Total Under 18 (0
−17 years)

Young (18
−39 years)

Middle age
(40−64 years)

Older (≥65
years)

Wave 1 Wave 2 Wave 3

Other oxygen sup-

port (e.g., nasal

cannula, mask)

706 High-flow nasal

cannula

168 (23.8) 0 (0) 0 (0) 8 (4.4) 160 (31.4) 22 (20) 38 (21) 108 (26)

236 BIPAP/CPAP 51 (21.6) 0 (0) 0 (0) 2 (2.4) 49 (36.6) 10 (31.2) 16 (15.5) 25 (24.8)

1441 IMV 369 (25.6) 0 (0) 2 (6.7) 44 (9.1) 322 (34.8) 127 (28.8) 82 (22.1) 160 (25.4)

147 ECMO 43 (29¢3) 0 (0) 0 (0) 17 (19¢8) 26 (49¢1) 23 (27¢7) 7 (24¢1) 13 (37¢1)
Tracheotomyd 31,808 241 (0¢8) 1 (0¢1) 18 (0¢2) 86 (0¢8) 136 (1¢1) 76 (1¢5) 70 (0¢6) 95 (0¢6)
Worsened self-care

abilityd
31,291 2667 (8¢5) 1 (0¢1) 49 (0¢7) 628 (5¢6) 1989 (16¢9) 514 (10¢7) 681 (6¢1) 1472 (9¢6)

Worsened walking

abilityd
30,562 2716 (8¢9) 1 (0¢1) 52 (0¢7) 637 (5¢9) 2026 (17¢5) 492 (11¢9) 723 (6¢4) 1501 (9¢9)

O2 administration at

discharged
31,822 2128 (6¢7) 3 (0¢3) 58 (0¢8) 673 (5¢9) 1394 (11¢5) 370 (7¢5) 572 (5) 1186 (7¢6)

Complications during

admission

Bacterial pneumoniae

(incl. HAP/VAP)

33,497 1791 (5¢3) 3 (0¢3) 39 (0¢5) 319 (2¢8) 1429 (10¢5) 411 (7¢7) 467 (4) 913 (5¢5)

ARDS 33,494 1501 (4¢5) 0 (0) 31 (0¢4) 457 (4) 1013 (7¢4) 484 (9) 341 (2¢9) 676 (4¢1)
Severity of ARDS 1452 Mild 278 (19¢1) 0 (0) 8 (26¢7) 115 (25¢8) 155 (15¢9) 52 (11¢7) 61 (18¢3) 165 (24¢6)

Moderate 482 (33¢2) 0 (0) 11 (36¢7) 177 (39¢7) 294 (30¢1) 147 (33) 133 (39¢8) 202 (30¢1)
Severe 692 (47¢7) 0 (0) 11 (36¢7) 154 (34¢5) 527 (54) 247 (55¢4) 140 (41¢9) 305 (45¢4)

Pneumothorax 33,489 142 (0¢4) 0 (0) 6 (0¢1) 25 (0¢2) 111 (0¢8) 48 (0¢9) 34 (0¢3) 60 (0¢4)
Pleural fluid 33,488 994 (3) 0 (0) 17 (0¢2) 176 (1¢5) 801 (5¢9) 277 (5¢2) 230 (2) 487 (3)

Meningitis 33,488 22 (0¢1) 0 (0) 4 (0¢1) 9 (0¢1) 9 (0¢1) 12 (0¢2) 3 (0) 7 (0)

Seizure 33,487 80 (0¢2) 3 (0¢3) 6 (0¢1) 24 (0¢2) 47 (0¢3) 29 (0¢5) 23 (0¢2) 28 (0¢2)
Stroke 33,496 125 (0¢4) 0 (0) 2 (0) 25 (0¢2) 98 (0¢7) 39 (0¢7) 33 (0¢3) 53 (0¢3)
Deep vein thrombosis 32,828 215 (0¢7) 0 (0) 6 (0¢1) 51 (0¢5) 158 (1¢2) 53 (1¢1) 60 (0¢5) 102 (0¢6)
Myocarditis 33,487 31 (0¢1) 1 (0¢1) 3 (0) 12 (0¢1) 15 (0¢1) 14 (0¢3) 5 (0) 12 (0¢1)
Arrythmia 33,482 159 (0¢5) 1 (0¢1) 5 (0¢1) 30 (0¢3) 123 (0¢9) 47 (0¢9) 45 (0¢4) 67 (0¢4)
Cardiac ischemia 33,487 56 (0¢2) 0 (0) 1 (0) 13 (0¢1) 42 (0¢3) 15 (0¢3) 20 (0¢2) 21 (0¢1)
Bacteraemia 33,488 291 (0¢9) 2 (0¢2) 5 (0¢1) 72 (0¢6) 212 (1¢6) 80 (1¢5) 88 (0¢8) 123 (0¢7)

33,469 188 (0¢6) 0 (0) 7 (0¢1) 30 (0¢3) 151 (1¢1) 52 (1) 52 (0¢4) 84 (0¢5)
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Age category Wave category

Number
of cases

Subcategories Total Under 18 (0
−17 years)

Young (18
−39 years)

Middle age
(40−64 years)

Older (≥65
years)

Wave 1 Wave 2 Wave 3

Gastrointestinal

bleeding

Clostridium difficile

infection

33,473 69 (0¢2) 0 (0) 3 (0) 11 (0¢1) 55 (0¢4) 17 (0¢3) 29 (0¢2) 23 (0¢1)

Pulmonary

thromboembolism

32,811 77 (0¢2) 0 (0) 7 (0¢1) 21 (0¢2) 49 (0¢4) 27 (0¢6) 12 (0¢1) 38 (0¢2)

Table 2: Supportive care, outcomes, and complications during hospitalisation.
Data are presented as n (%) unless otherwise indicated.

As the number of missing values differed for each parameter, the number of cases in each parameter's age/wave category was used as the denominator for calculating the percentage.

Abbreviations: BiPAP/CPAP, bilevel positive airway pressure/continuous positive airway pressure; ECMO, extracorporeal membrane oxygenation; HAP/VAP, hospital-acquired pneumonia/ventilator-associated pneumonia. IMV,

invasive mechanical ventilation; IQR, interquartile range; RRT, renal replacement therapy;
a If the patient received these treatments at any time during hospitalisation, the treatment was included in the analysis.
b If the patient received more than one type of oxygen support during the hospitalisation, only one higher level of oxygen support was counted (i.e. ECMO>IMV>BIPAP/CPAP>high-flow nasal canula>other oxygen support).
c Facilities for isolation purposes where no medical or nursing care was necessary.
d Data were counted only for the patients who were discharged alive.
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Variable Wave 1 Wave 2 Wave 3 Wave 1 vs Wave 2 Wave 1 vs Wave 3 Wave 2 vs Wave 3
Number (%) Estimated difference*

[confidence intervaly]
P valuez Estimated difference*

[confidence intervaly]
P valuez Estimated difference*

[confidence intervaly]
P valuez

Patient demographics and

characteristics on admission

Age, median [IQR], years 56

[40, 71]

50

[30, 69]

64

[47, 78]

6.0

[5.0, 7.0]

<0.001 -6.0

[-7.0, -5.0]

<0.001 -12.0

[-12.0, -11.0]

<0.001

Male sex 3139 (58.5) 6784

(58)

9062 (55) 0.004

[-0.015, 0.024]

0.598 0.035

[0.016, 0.054]

<0.001 0.031

[0.016, 0.045]

<0.001

Severe disease at admission 1767 (32.9) 2544 (21.8) 5276 (32) 0.111

[0.093, 0.129]

<0.001 0.009

[-0.009, 0.027]

0.228 -0.102

[-0.115, -0.090]

<0.001

ComorbiditiesA

Cardiovascular disease 268

(5)

408

(3.5)

973 (5.9) 0.015

[0.007, 0.023]

<0.001 -0.009

[-0.018, -0.001]

0.001 -0.024

[-0.030, -0.018]

<0.001

Chronic respiratory disease 109

(2)

133

(1.1)

263 (1.6) 0.010

[0.002, 0.018]

0.001 -0.003

[-0.010, 0.005]

0.381 -0.013

[-0.018, -0.007]

<0.001

Liver disease 130 (2.4) 235

(2)

422 (2.6) 0.004

[-0.002, 0.010]

0.096 -0.001

[-0.007, 0.005]

0.607 -0.005

[-0.010, -0.001]

0.003

Diabetes Mellitus 856 (15.9) 1509 (12.9) 3191 (19.4) 0.030

[0.016, 0.044]

<0.001 -0.034

[-0.048, -0.020]

<0.001 -0.064

[-0.075, -0.054]

<0.001

Cerebrovascular disease 337 (6.3) 552

(4.7)

1342 (8.1) 0.016

[0.006, 0.025]

<0.001 -0.019

[-0.028, -0.009]

<0.001 -0.034

[-0.041, -0.027]

<0.001

Hypertension 1050 (19.5) 2831 (24.2) 6068 (36.8) -0.047

[-0.063, -0.030]

<0.001 -0.173

[-0.188, -0.157]

<0.001 -0.126

[-0.139, -0.113]

<0.001

BMI>=25 1366 (32.8) 3171 (33.2) 4762 (35.4) -0.004

[-0.025, 0.017]

0.688 -0.025

[-0.045, -0.005]

<0.003 -0.021

[-0.037, -0.006]

0.001

Drug administration

Steroid (excl. ciclesonide) 497 (9.4) 2384 (20.4) 6569 (39.9) -0.110

[-0.124, -0.097]

<0.001 -0.305

[-0.318, -0.292]

<0.001 -0.195

[-0.207, -0.182]

<0.001

Tocilizumab 66

(2.6)

259

(5.6)

393 (4.7) -0.030

[-0.041, -0.019]

<0.001 -0.022

[-0.032, -0.012]

<0.001 0.008

[-0.002, 0.018]

0.051

Remdesivir 2

(0.9)

1074 (23.2) 2682 (32.4) -0.223

[-0.239, -0.208]

<0.001 -0.315

[-0.329, -0.302]

<0.001 -0.092

[-0.112, -0.073]

<0.001

Favipiravir 2037 (69.5) 2664 (57.4) 4415 (53.3) 0.122

[0.095, 0.149]

<0.001 0.164

[0.139, 0.188]

<0.001 0.042

[0.020, 0.064

<0.001

Anticoagulant 538 (10.0) 1416 (12.1) 3674 (22.3) -0.021

[-0.034, -0.009]

<0.001 -0.123

[-0.136, -0.111]

<0.001 -0.102

[-0.113, -0.091]

<0.001

Table 3 (Continued)
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Variable Wave 1 Wave 2 Wave 3 Wave 1 vs Wave 2 Wave 1 vs Wave 3 Wave 2 vs Wave 3
Number (%) Estimated difference*

[confidence intervaly]
P valuez Estimated difference*

[confidence intervaly]
P valuez Estimated difference*

[confidence intervaly]
P valuez

Oxygen support

Any formB 2063 (38.4) 3069 (26.3) 6554 (39.7) 0.070

[0.055, 0.084]

<0.001 -0.007

[-0.021, 0.007]

0.254 -0.076

[-0.087, -0.066]

<0.001

High-flow nasal canula 110

(2.0)

181

(1.5)

415 (2.5) 0.005

[-0.001, 0.010]

0.025 -0.004

[-0.010, 0.001]

0.064 -0.009

[-0.013, -0.005]

<0.001

BiPAP/CPAP 32

(0.6)

103

(0.9)

101 (0.6) -0.003

[-0.006, 0.001]

0.065 -0.0002

[-0.003, 0.003]

0.972 0.003

[-0.0001, 0.005]

0.011

IMV 441 (8.2) 371

(3.2)

629 (3.8) 0.045

[0.036, 0.054]

<0.001 0.039

[0.030, 0.048]

<0.001 -0.006

[-0.011, -0.001]

0.006

ECMO 83

(1.5)

29

(0.2)

35

(0.2)

0.013

[0.008, 0.017]

<0.001 0.013

[0.009, 0.017]

<0.001 0.0004

[-0.001, 0.002]

0.622

Table 3: Comparison of the major characteristics, drug administration, and oxygen support during hospitalisation among each wave.
* Earlier wave was used as reference.y98.33% confidence intervals were calculated because significance threshold was corrected by Bonferroni method.
z Bonferroni correction was used for pairwise comparisons among waves (threshold of significant difference was 0.0167). Statistically significant values are shown in bold.Abbreviations. BiPAP/CPAP, bilevel positive airway

pressure/continuous positive airway pressure; BMI, body mass index; ECMO, extracorporeal membrane oxygenation; IMV, invasive mechanical ventilation; IQR, interquartile range.A Cardiovascular disease includes myocardial

infarction/Congestive heart failure. Chronic respiratory disease was defined as pulmonary disease in patients who were dyspneic with slight activity and included chronic obstructive pulmonary disease.B Any form of oxygen sup-

port includes high-flow nasal canula, non-IMV, IMV, ECMO, and other oxygen support (e.g. nasal cannula, mask).
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Figure 3. Epidemiologic curve of severity and death in middle-aged and older patients.
(a) and (b) show the number of patients in each category in the middle and old age groups, respectively. The upward graphs

(discharged/transferred) show the patients who were alive at the time of discharge, and the downward graphs (deaths) show the
patients who died during hospitalisation. “Transferred” included patients who were transferred to either different hospital, non-
medical facility, or long-term care facility. The outcome of patients who were transferred from the hospitals participating in the
study at the time of admission are summarised in Supplementary Table 3. Detailed numbers in the figure are presented in Supple-
mentary Table 2.

No oxygen: patients who were never supported with supplemental oxygen during hospitalisation.
Oxygen: patients who were supported with non-IMV or supplemental oxygen (including high-flow oxygen devices) during

hospitalisation.
IMV/ECMO: Patients who were supported with invasive mechanical ventilation (IMV) or extracorporeal membrane oxygenation

(ECMO).
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used more frequently during Wave 1 (10.5% [225]) than
during waves 2 (3.7% [147]) and 3 (3.7% [198]), and
death was most prominent during Wave 1(12% [27]) fol-
lowed by Wave 3 (11.1% [22]) and Wave 2 (8.2% [12])
among patients who were treated with IMV and/or
ECMO. Among older patients, the use of IMV and/or
ECMO in both survivors and those who died was less
frequent during Wave 3 (survivors: 4.2% [308], non-sur-
vivor: 16.5% [150], respectively) than during Wave 1
(9.9% [157] and 34.6% [121], respectively).
History of drug administration during hospitalisation
Use of steroids (excluding ciclesonide), remdesivir, and
anticoagulants increased over time (ED of steroid: Wave
1 vs Wave 2: -11.0% [-12.4, -9.7], Wave 2 vs Wave 3:
-19.5% [-20.7, -18.2]; remdesivir: Wave 1 vs Wave 2:
-22.3% [-23.9, -20.8], Wave 2 vs Wave 3: -9.2% [-11.2,
-7.3]; anticoagulant: Wave 1 vs Wave 2: -2.1% [-3.4, -0.9],
Wave 2 vs Wave 3: -10.2% [-11.3, -9.1]) (Figure 4)
(Table 3). In contrast, ciclesonide, favipiravir, and nafa-
mostat use decreased over time. Tocilizumab use was
most frequent in Wave 2, followed by Waves 3 and 1
(ED of Wave 2 vs Wave 3: 0.8% [-0.2, 1.8], Wave 1 vs
Wave 2: -3.0% [-4.1, -1.9]). The use of most medications,
www.thelancet.com Vol 22 Month May, 2022
except for favipiravir and ciclesonide, increased with
age. Baricitinib was not administered to this cohort.
Antimicrobials were administered in 23¢3% (n=7,800)
(under 18, 4¢1% [45]; young, 7% [507]; middle age,
19¢4% [2,211]; older patients, 36¢9% [5,036]; Wave 1,
35¢9% [1,916]; Wave 2, 18% [2,108]; and Wave 3, 22¢9%
[3,776]), and antifungal drugs in 0¢9% (n=309) (under
18, 0% [0]; young, 0¢2% [14]; middle age, 0¢7% [81];
older patients, 1¢6% [214]; Wave 1, 1¢9% [101]; Wave 2,
0¢7% [83]; and Wave 3, 0¢8% [125]) of the cases.
Characteristics of transferred patients
A total of 1,306 patients were transferred from the insti-
tutions participating in the study at the time of admis-
sion. As for patients' demographics and characteristics
on admission (Supplementary Table 3), compared to the
whole cohort, there were more male patients (69.2%
[n=904] vs 56.6% [18,985]) and more patients in Wave 1
(24.7% [322] vs 16% [5,372]) in the transferred cohort.
There was also a higher median BMI (24.2 vs 23.3), a
higher rate of immunodeficiency (4.2% [54] vs 2.2%
[708]), and higher rate of severe disease on admission
(68.5% [894] vs. 28.6% [9,587]) in the transferred
cohort than in the whole cohort. The prevalence of any
15



Figure 4. History of drug administration during hospitalisation.
Medications with antiviral effects against severe acute respiratory syndrome coronavirus 2, immunomodulatory effects against

coronavirus disease (COVID-19), and/or immunosuppressive effects against COVID-19 were included. Ciclesonide is available only as
an inhalant. Steroids (other than ciclesonide) were administered in 9,450 cases. For oral, intravenous, and inhalation administration,
there were 5,279, 5,086, and 86 cases, respectively. There were 9,376 cases of either oral or intravenous administration. If more than
one preparation was used for one patient, each was counted. Anticoagulation therapy included unfractionated heparin, low-molec-
ular-weight heparin, fondaparinux, and oral anticoagulants (warfarin and direct oral anticoagulants: dabigatran, rivaroxaban, apixa-
ban, and edoxaban) during hospitalisation. In this study, we did not distinguish between prophylactic and therapeutic
administration of thromboembolism. We did not count concomitant therapies in the present analysis. The denominator is not the
total number of patients, but the number of patients who were administered any drug to treat COVID-19 (n=15,880) for whom the
data of each antiviral drug was not missing. For example, the proportion of patients administered favipiravir was calculated as: with
favipiravir/(with favipiravir + without favipiravir).
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comorbidity was higher in transferred patients than the
whole cohort (78.1% [1,020] vs 54.5% [18,295]), and for
all individual comorbidities except leukaemia/lym-
phoma, the prevalence was higher in transferred
patients. Regarding supportive care, outcome, and com-
plications during hospitalisation, transferred patients
had more ICU stays than the whole cohort (35.2% [458]
vs. 7.2% [2,409]), and were more often treated by IMV
(23.9% [312] vs 4.7%) and ECMO (3.4% [45] vs 0.4%
[147]). In terms of the outcomes, discharge home was
less common (51.4% [671] vs. 74.1% [24,835]) and death
(11.9% [155] vs 5% [1,671]) was more common in the
transferred cohort than in the whole cohort. Steroids,
anticoagulants, remdesivir, tocilizumab, and nafamostat
tended to be administered more frequently in trans-
ferred patients than in the whole cohort. In Waves 2
and 3, ciclesonide and favipiravir tended to be adminis-
tered less frequently in the transferred cohort than in
the whole cohort.
Evaluation of the effect of each wave on death during
hospitalisation
After adjusting for other parameters that could interact
with the risk of death and the transfer status on admis-
sion, compared to Wave 1, Wave 2 and Wave 3 rather
decreased the risk of death (Table 4). The analysis was
performed excluding patients transferred on admission
(Supplementary Table 4-a). In this analysis, the trend of
the results did not change from the analysis results that
included transferred patients. The number of facilities
that continuously participated in COVIREGI-JP from
Wave 1 to Wave 3 was 234 (42.3% of 553 facilities). For
each wave, 234 facilities accounted for about 60% of the
total number of facilities (Wave 1: 234/378 [61.9%],
Wave 2: 234/412 [56.8%], Wave 3: 234/408 [57.4%]).
The number of patients (n=24806) from 234 institu-
tions that had continuously participated in COVIREGI-
JP accounted for 73.9% of the total patients (n=33554),
and about 70% of the total for each wave (Wave 1: 3579/
5372 [66.6%], Wave 2: 8771/11692 [75%], Wave 3:
12456/16490 [75.5%]). We performed the analysis to
evaluate the effect of each wave on death, including only
the patients from the facilities that continued to partici-
pate over three waves (Supplementary Table 4-b and 4-
c). The results of the effect of each wave on death were
similar to that of total participating facilities.
Discussion
We analysed a large cohort of mostly unvaccinated hos-
pitalised Japanese patients with COVID-19. Our cohort
included approximately 7% (n=33,554) of the total num-
ber of reported COVID-19 cases in Japan as of the end
www.thelancet.com Vol 22 Month May, 2022



Risk ratio 95%CI P value

Parameters Univariable Multivariable Univariable Multivariable Univariable Multivariable

Effect of each wave

Wave 1 Reference

Wave 2 0.363 0.398 [0.312-0.423] [0.40-0.561] < 0.001 < 0.001

Wave 3 0.783 0.473 [0.694-0.886] [0.325-0.487] < 0.001 < 0.001

Other risk factors

Transfer from other facilities 3.916 1.629 [3.479-4.401] [1.390-1.906] < 0.001 < 0.001

Age 1.092 1.103 [1.088-1.097] [1.096-1.110] < 0.001 < 0.001

Male sex 1.322 1.872 [1.195-1.464] [1.621-2.165] < 0.001 < 0.001

Obesity (BMI>=25) 0.678 1.098 [0.593-0.773] [0.940-1.281] < 0.001 0.236

Cardiovascular and peripheral vascular

diseaseA
4.989 1.521 [4.394-5.654] [1.277-1.805] < 0.001 < 0.001

Chronic Respiratory DiseaseB 4.728 1.675 [4.055-5.492] [1.367-2.043] < 0.001 < 0.001

Liver disease 2.281 2.459 [1.793-2.865] [1.780-3.347] < 0.001 < 0.001

Diabetes mellitus 2.377 1.388 [2.132-2.647] [1.199-1.605] < 0.001 < 0.001

Cerebrovascular Disease 3.965 1.370 [3.482-4.504] [1.455-1.632] < 0.001 < 0.001

Hypertension 2.291 0.790 [2.075-2.530] [0.688-0.906] < 0.001 < 0.001

Severe condition at admission 6.766 3.026 [6.075-7.546] [2.624-3.493] < 0.001 < 0.001

Table 4: Evaluation of the effect of each wave on death during hospitalization.
Abbreviations. BMI, body mass index; CI, confidence interval. A Cardiovascular and peripheral vascular disease includes myocardial infarction, congestive heart

failure, and peripheral vascular disease. B Chronic respiratory disease was defined as pulmonary disease in patients who were dyspneic with slight activity and

included chronic obstructive pulmonary disease.
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of March 2021 (n=469,713).14 A comparison of cases
from Japan, with that from Western countries, and
other Asian countries, based on available data by the
end of March 2021, shows that the cumulative deaths
per million people are lower in Japan than in Western
countries, but higher than those of most Asian coun-
tries (e.g., Japan, 72¢8; US, 1656¢4; Germany, 912¢9;
United Kingdom, 1861¢3; China 3¢21; Singapore, 5¢5;
South Korea, 33.8; Philippines, 119.7).15 In comparison
with Western countries, the case fatality rate for Japan
(1.9) was similar to that of the U.S.(1.8), and lower than
that for other countries (Germany, 2.7; United King-
dom, 2.9).15 In comparison with Asian countries, the
case fatality rate for Japan was lower than that for China
(5.1) but higher than that for Singapore (0.05), and simi-
lar to that for other countries (South Korea, 1.7; Philip-
pines, 1.8).15 The proportion of people vaccinated
against COVID-19 where data are available by the end
of March 2021, are 0¢1%, 0¢05%, 5%, 6¢6%, and 19% in
Japan, Korea, Germany, the UK, and the US, respec-
tively.5 Considering the lower proportion of people vac-
cinated in Japan by the end of March 2021 than
Western countries, the case fatality rate among unvacci-
nated people in Japan was likely to be lower than those
in Western countries. The case fatality rate in the inpa-
tient cohort of 7¢3% in Wave 1 in this report is lower
than the case fatality rate (of over 15%) in China, the
UK, and the US at the beginning of the epidemic.16-18 It
is also lower than the 12% in the Philippines at the start
of the epidemic19; however, it is higher than the 0.9%
in Singapore.20 However, simple comparisons are
www.thelancet.com Vol 22 Month May, 2022
difficult due to factors such as different times of infec-
tion, hospitalisation recommendation (i.e., denominator
as hospitalised patients), effects of age and comorbid-
ities, and medical resources. As previously discussed,2

despite the relatively high number of older patients,
Japan has a low case fatality rate. This may be related to
the low frequency of comorbidities, such as diabetes,
obesity, and cardiovascular diseases. Moreover, the total
number of cases did not surge to the point of causing a
complete healthcare system meltdown. In addition, the
present cohort included many patients with relatively
mild disease due to the hospitalisation recommendation
in Japan (Supplementary Table 5). For example, in a US
cohort of 192,550 inpatients (with a case fatality rate of
13¢6%) between March and August 2020, 28¢9%
(n=55,593) were admitted to ICU,21 compared to 7¢2%
(n=2,409) in this cohort. Furthermore, in a UK cohort
of 20,133 inpatients between 6 February and 19 April
2020, 17% (n=3,001/18,183) were admitted to ICU and
10% (1,658/16,866) received IMV,16 while in this cohort
only 4¢3% (n=1,441) received IMV.

Age group comparisons revealed differences in epi-
demiologic characteristics. This indicates the need for
tailored infection prevention and treatment approaches
for each age group. The young patients tended to have a
history of close contact with COVID-19 cases in the
workplace. Furthermore, they engaged in high-risk
behaviour, such as having meals with multiple non-
family members or staying in crowded places. For the
older patients, exposure to COVID-19 was mostly in the
healthcare facility and at home.
17
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Our previous analysis included 2,638 patients
mainly from Wave 1, and the case fatality rate was as
high as 7¢5% (n=197).2 In the current cohort, more
patients (n=5,372) were included from Wave 1. The
resulting Wave 1 case fatality rate was 7¢3% (n=391),
which was slightly lower than the previously reported
case fatality rate. Wave comparison revealed that each
wave had different characteristics: Wave 1 had severe
disease and the worst case fatality rate; Wave 2 had
young patients and mild disease; and Wave 3 had older
patients with comorbidities. The differences that were
considered clinically significant were age (12 for ED of
Waves 2 vs Wave 3), the severity of illness at admission
(ED in Wave 2 were about 10% lower than those in
Waves 1 and Wave 3), and hypertension (ED in Wave 2
were more than 10% lower than those in Waves 3 and
1). Other comorbidities also had lower EDs, especially in
Wave 2, by more than a few percent than in Wave 3. In
the multivariable analysis using a relative risk regres-
sion model in which the effects of other factors such as
age and comorbidities were controlled, Wave 2 and
Wave 3 had less risk of death than Wave 1. The median
duration from symptom onset to hospitalisation was
shortened from seven days during Wave 1 to four days
during Wave 3. Furthermore, Wave 3 comprised a
smaller percentage of patients who were on invasive or
non-IMV or on ECMO at admission (Wave 1: 2¢7% [143]
vs Wave 3: 1¢1% [174]).

Besides the opportunity of being admitted to hospital
before the disease became severe, there were also differ-
ences in post-hospitalisation treatment between epi-
demic waves. The use of steroids was about four times
more frequent during Wave 3 than during Wave 1, and
the use of anticoagulants more than doubled. For ste-
roids and remdesivir, ED increased by about 30% in the
comparison between Waves 1 and Wave 3. Anticoagu-
lants also showed a large difference in ED in Wave 2
and Wave 3, with an increase of ED about 10%.In terms
of supportive care, the use of invasive supportive care,
such as IMV and ECMO was lower during Wave 3 than
during Wave 1, with ED of 3.9% for IMV and 1.3% for
ECMO. Deaths following the use of high-flow therapy
were most prominent during Wave 3 among the three
epidemic waves.

Invasive supportive care may have been more
reserved during Wave 3 than during Wave 1 due to vari-
ous factors, such as the higher proportion of older
patients during Wave 3; the increased number of
COVID-19 patients, which strained medical institu-
tions, compared to Wave 1; improved understanding of
the disease; and the avoidance of invasive ventilator-
associated complications through the use of high-flow
oxygen therapy. Besides these factors, the fact that case
fatality rate during Wave 3 was lower than that during
Wave 1, despite the increase in age and comorbidity,
may indicate an improvement in prognosis over time.
This is also supported by the multivariable analysis
results which adjusted for the confounding effects of
age and comorbidity. Similar improvements in progno-
sis over the pandemic period have also been reported in
other countries.22,23

The use of steroids, remdesivir, and anticoagulants
tended to increase in the later waves. This was likely
due to the widespread recognition of the evidence and
the approval of remdesivir.24 As previously discussed,2

patients who were administered favipiravir might have
been more likely to be included in our study cohort.

In order to determine the extent to which the data in
this study are representative of Japan as a whole, first,
we compared the number of infections and deaths in
hospitalised patients enrolled in the COVIREGI-JP with
those in Japan (i.e., national data), taking into account
regional differences (Supplementary Table 6, the
regions of Japan are shown on the map in Supplemen-
tary Figure 1). The coverage rate for infected patients in
the COVIREGI-JP of 7¢1% (n=33,554) varied by region,
being extremely high in Hokuriku (24¢8% [1,220]) and
Chugoku (17¢1% [1,680]), whereas it was lowest in
Kanto (5¢7% [14,229]), though the absolute number of
cases was high. There was also a difference in the cover-
age rate depending on the epidemic wave, with Wave 1
covering 32¢1% of patients (n=5,372), but dropped to
14% (n=11,692) in Wave 2. Wave 3 had 22 times more
infected patients than Wave 1, when the rate dropped to
4¢4% (n=16,490). The representativeness of our data
might have decreased as the waves progressed. The
trend of the highest case fatality rate in Wave 1 and the
lowest in Wave 2 in our cohort was also observed in the
infected population of Japan. The case fatality rate was
higher in this study cohort than in the national data,
probably because our cohort included more severe
patients as they required hospitalisation. The ratio of
case fatality rate between the national data and our data
was as follows: 1¢4 times (Wave 1), 2¢8 times (Wave 2),
and 2¢9 times (Wave 3). As the wave progressed,
patients in our cohort tended to have a higher case fatal-
ity rate ratio, suggesting that patients with more severe
disease were selected in the later waves. The same trend
was observed in each region; however in Hokkaido and
Tokai, the case fatality rate in the national data was
higher than that in our data in Wave 1, suggesting that
there was a discrepancy between the overall regional sit-
uation and the trend of registered cases in COVIREGI-
JP. The difference in case fatality rates between the
nationwide and regional data, in most regions, showed
increased or decreased patterns that were consistent
between the two data sets (i.e., national data and COV-
IREGI-JP data) for each epidemic group. However, in
some regions, there were partial divergence. The sever-
ity of the cases in COVIREGI-JP might not have been
parallel to the severity of the total infected patients in
these regions.
www.thelancet.com Vol 22 Month May, 2022
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We also summarised the number of hospitals in
Japan and those participating in the COVIREGI-JP
(Supplementary Table 7). The number of COVIREGI-JP
hospitals covered 6¢7% (n=553) of the total number of
hospitals in Japan, and in contrast to the gradual
decrease in patient coverage, the number of facilities
was highest in Wave 2 and was slightly increased in
Wave 3 compared to Wave 1. Nearly half of the tertiary
care facilities in Japan participated in the COVIREGI-
JP, however, in Wave 3, the percentage of tertiary hospi-
tals dropped to about 30% (n=94). This can be attrib-
uted to the fact that medical institutions other than
tertiary hospitals treated COVID-19 inpatients due to
the expansion of the number of infected patients, as
well as that lower number of facilities that registered
patients to COVIREGI-JP due to the increased burden
of the workload triggered by more infected patients. As
for the facility coverage rate, no regional trend similar to
that of the number of patients was observed, and the
rate was rather high in the Kanto region, where the cov-
erage rate of the number of patients was low. Most of
the regions were covered by 30% to 50% of tertiary med-
ical institutions in each epidemic wave, however the
number of facilities and tertiary medical institutions in
Shikoku tended to be low. In summary, despite partial
regional differences, the study cohort had a higher case
fatality rate than that reported for total infected popula-
tion in Japan. Although there was a tendency for the
patient coverage rate to decrease in Wave 3, there was
no significant increase or decrease in the facility cover-
age rate. The trend of increase or decrease in the case
fatality rate in each wave showed a similar pattern to
that of the overall nationwide infected population in
Japan.

The study had some limitations. The hospitalisation
recommendations changed during the study period;4

therefore, patient background and severity of illness
were not uniform throughout the study period. The
changes in hospitalisation recommendations of the
Ministry of Health, Labour and Welfare are summar-
ised in Supplementary Table 5. In the early stages of the
epidemic, hospitalisation was recommended for almost
all patients. In the middle of Wave 1, the recommenda-
tion for recuperation at accommodation facilities or
home was issued, and hospitalisation was recom-
mended in principle for the elderly and patients with
underlying diseases. At the end of Wave 2, these stand-
ards were revised, and the hospitalisation recommenda-
tion became more stringent. However, these
recommendations were not compulsory, and hospital-
isation at the physicians’ discretion might have been
adopted, especially when the number of infected people
was not significantly high. With regard to diagnosis, the
number of tests conducted in Japan was low at the
beginning of the epidemic and they increased over
time.25 Thus, especially in Wave 1, asymptomatic or
mildly ill patients may have remained undiagnosed or
www.thelancet.com Vol 22 Month May, 2022
the time from infection to diagnosis might have been
long. This is probably one of the reasons why the time
from onset to hospitalisation was longer in Wave 1 than
Waves 2 and 3 and might have contributed to the sever-
ity of the disease at the time of hospitalisation in Wave
1, even if the hospitalisation recommendation was less
restrictive. These multiple factors may have resulted in
more hospitalisations of young people with mild ill-
nesses in Wave 2 than in other waves.

The outcomes of patients who required prolonged
hospitalisation might not have been reflected, especially
during Wave 3. Overall, 1,943 patients (5¢5%) were
excluded from the study because of non-fixed data. In
many cases, information such as outcome at discharge,
and supportive care, history of drug administration, and
complications during hospitalisation were not fixed. If
the data were available, this might change the numbers
including the outcome especially during Wave 3. In addi-
tion, we defined obesity based on BMI, but it was miss-
ing in 6,374 (19%) cases, which may have led to
underestimation or overestimation of obesity. On the
other hand, missing data for important parameters such
as age, sex, comorbidity (other than obesity), oxygen sup-
port, and outcome were low, as shown below, and we
believe that the impact on the analysis was minimal
(missing data for age: 12 [0¢04%], sex: 3 [0¢01%], comor-
bidity: 0, oxygen support: 9 [0¢03%], outcome: 24
[0¢07%]). Since the first case of the alpha variant was
reported in December 2020, there were 678 cases of var-
iants reported in Japan (mostly the alpha variant) as of
the end of March 2021,26 although these might have
been underreported. Unfortunately, there is no informa-
tion on the variants in this study. However, the impact
was considered to be minimal. The other limitations due
to the nature of the registry, such as the potential of selec-
tion bias and accuracy of data entered at each facility,
were previously described.2 As mentioned earlier, based
on the rate of vaccination in Japan as a whole, almost all
the patients in the present cohort are considered to be
unvaccinated; however, detailed data on vaccination his-
tory were not available for this analysis. Because the
study included patients who were transferred from other
hospitals if the selection criteria were met, a patient may
have been enrolled more than once for different time
periods if they were transferred during a single SARS-
CoV-2 infection episode. While this would enable the col-
lection of accurate data on the outcome of each patient’s
hospitalisation episode, it might have led to an overrepre-
sentation of some parameters, such as demographic data
of patients who were transferred, especially for rare
events. A total of 1,306 patients were transferred from
the institutions participating in the study at the time of
admission. Unfortunately, the reason for the transfer
was unknown. The summarised characteristics of these
patients suggest that there were more severe cases with
higher case fatality rate and more frequent invasive treat-
ment (e.g. IMV or ECMO) than whole cohort. If these
19



Articles

20
cases were included only once in the whole cohort, then
the case fatality rate might have been slightly higher. We
did not adjust for the drug administration or supportive
care in the multivariable analysis, to evaluate the effect of
each wave on outcome. As the outcome was better in
Wave 3 than in Wave 1 after adjusting for the effects of
age and comorbidities, the change of the drug adminis-
tration and/or supportive care might have affected the
outcome.

In conclusion, although the overall case fatality rate
remained relatively low, the case fatality rate was
approximately twice as high among older patients and
varied with the epidemic wave. After adjusting for age
and comorbidities, the risk of death was highest in
Wave 1. However, it seems difficult to keep the case
fatality rate low during waves that include a large num-
ber of older patients. Changes in COVID-19 medica-
tions and supportive care were observed over time in
Japan. These findings present important basic data for
understanding future changes due to increased vaccina-
tion rates and variants.
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