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Abstract
Background The organ dysfunction that is associated with death in COVID-19 patients has not been determined in 
multicenter epidemiologic studies. In this study, we evaluated the major association with death, concomitant organ 
dysfunction, and proportion of multiple organ failure in deaths in patients with COVID-19, along with information on 
organ support.

Methods We performed an observational cohort study using the Japanese multicenter research of COVID-19 by 
assembling a real-world data (J-RECOVER) study database. This database consists of data on patients discharged 
between January 1 and September 31, 2020, with positive SARS-CoV-2 test results, regardless of intensive care unit 
admission status. These data were collected from the Diagnosis Procedure Combination and electronic medical 
records of 66 hospitals in Japan. The clinician identified and recorded the organ responsible for the death of 
COVID-19.

Results During the research period, 4,700 patients with COVID-19 were discharged from 66 hospitals participating 
in the J-RECOVER study; of which, 272 patients (5.8%) from 47 institutions who died were included in this study. 
Respiratory system dysfunction (87.1%) was the leading association with death, followed by cardiovascular (4.8%), 
central nervous (2.9%), gastrointestinal (2.6%), and renal (1.1%) dysfunction. Most patients (96.7%) who died of COVID-
19 had respiratory system damage, and about half (48.9%) had multi-organ damage. Of the patients whose main 
association with death was respiratory dysfunction, 120 (50.6%) received mechanical ventilation.

Conclusion This study showed that although respiratory dysfunction was the most common association with death 
in many cases, multi-organ dysfunction was associated with death due to COVID-19.
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Introduction
Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
is an infectious disease with pandemic status, with more 
than 278 million confirmed cases and nearly 5.4 million 
deaths worldwide from the outbreak at the end of 2019 
to the end of December 2021 [1]. COVID-19 is most 
characterized by respiratory symptoms and pneumonia 
[2], but it is also known to induce a variety of dysfunc-
tions and clinical manifestations in organs other than the 
respiratory tract, which is recognized as a multisystem 
inflammatory syndrome, but the extent to which it con-
tributes to death is unknown [3, 4].

The organ dysfunction that associated with death in 
COVID-19 patients has not been determined in multi-
center epidemiologic studies. Only three single-center 
studies and one multicenter case series have reported the 
organs and system associated with death due to COVID-
19. Zhang et al. reported 82 patients with COVID-19 
who died between January 11, 2020, and February 10, 
2020, at the Renmin Hospital of Wuhan University 
(RHWU). In this report, 75.6% of patients who died had 
comorbidities. Respiratory dysfunction was the most 
common (69.5%), but only 4.8% of patients received 
invasive ventilation. The second most common cause 
of death was sepsis, but the organ affected by the infec-
tion was unknown. In most cases (90.2%), two or more 
organs were damaged [5]. Wang et al. similarly reported 
77 patients with COVID-19 who died from February 1, 
2020, to March 7, 2020, in the Eastern Branch of RHWU. 
Respiratory dysfunction was the most common (87.0%), 
and 72.7% of the patients who died had comorbidities, 
but only 9.1% of the patients received invasive ventila-
tion [6]. These studies were limited as only a few patients 
received invasive mechanical ventilation due to limited 
medical resources caused by the pandemic. Ketcham et 
al. similarly reported that respiratory dysfunction was 
the most common [7], while Elezkurtaj et al.’s multicenter 
case series (26 cases) reported that multiorgan failure 
and septic shock were more common [8]. However, there 
has been no large-scale cohort study.

This study aimed to determine the organs and system 
associated with death and proportion of multiple organ 
failure in deaths in patients dying from COVID-19, along 
with information on organ support, such as mechanical 
ventilation.

Methods
Study design
We performed an observational cohort study using the 
Japanese multicenter research of COVID-19 by assem-
bling real-world data (J-RECOVER) database. The details 
of the study design and protocol of the J-RECOVER were 
previously described elsewhere [9]. Data were collected 

from 66 hospitals in Japan. This study was approved by 
the Ethics Committee of Sapporo Medical University 
(Approval number: 322 − 245) on February 12, 2021. This 
study was conducted in compliance with the principles of 
the Declaration of Helsinki, approved by the ethics com-
mittees of each participating hospital, and registered at 
the UMIN Clinical Trials Registry (UMIN000047056). As 
this was a retrospective observational study using exist-
ing medical information, informed consent from each 
patient was waived by the Ethics Committee of Sapporo 
Medical University, and the patients and their relatives 
were guaranteed the opportunity to opt out of participa-
tion after information about the current study was pub-
lished and disclosed on the hospital’s website (https://
nms-kosugi-eccm.com/covid19-joint-research/).

Study participants
The J-RECOVER study database contains data from 
patients across all age groups who were discharged 
between January 1 and September 30, 2020, who tested 
positive for SARS-CoV-2, regardless of intensive care 
unit (ICU) admission status. The database excludes cases 
treated on an outpatient basis without hospital admis-
sion as well as out-of-hospital cardiac arrest cases that 
were confirmed dead upon arrival at the emergency 
department.

The study focused on COVID-19 patients who died 
during the study period. Patients for whom informa-
tion on survival and death was not available or for whom 
organ dysfunction that associated with death was not 
recorded were excluded.

Data collection
In the present study, existing clinical information of 
patients was obtained from the diagnosis procedure 
combination (DPC) data. The diagnostic group classi-
fication system based on DPC was introduced in Japan 
in 2002, and currently, more than 1,600 acute care hos-
pitals participate in the system and submit DPC data 
to the Ministry of Health, Labour and Welfare [10]. 
Clinical information was acquired anonymously from 
the DPC data using a specialized software called DPC 
Hash application. DPC data included sex, date of birth, 
height, weight, current pregnancy, dates of admission 
and discharge, outcome at discharge, main disease name, 
comorbidities at the time of admission, all medical and 
surgical treatments, and records of all prescribed drugs 
and devices. Each diagnosis was defined based on the 
International Classification of Diseases, 10th revision 
(ICD-10) codes. To assess comorbidity, the Charlson 
comorbidity index was calculated from the ICD-10 codes 
for each comorbidity diagnosis [11]. To ensure the valid-
ity of the coding, the physician in charge was to log the 
name of the diagnosis in the medical record.

https://nms-kosugi-eccm.com/covid19-joint-research/
https://nms-kosugi-eccm.com/covid19-joint-research/
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In addition, laboratory data and information neces-
sary to solve the research problem, which were not avail-
able in the DPC data, were obtained from the medical 
records. Additional clinical information included the date 
of symptom onset, Glasgow Coma Scale score, blood 
pressure, pulse rate, respiratory rate, body temperature, 
and race. Survival time was defined as the period from 
symptom onset until death. When the onset of symptoms 
was unknown, it was substituted with the date of positive 
SARS-CoV-2 test.

Collecting information on organ dysfunction primarily 
associated with death
The clinician identified and recorded the organ respon-
sible for death in COVID-19 patients. To identify organ 
dysfunction that was the primary association with death, 
the following codes were used to record organ dysfunc-
tion in deceased patients: (1) Respiratory system, (2) 
Cardiovascular system, (3) Central nervous system, (4) 
Thromboembolic event, (5) Hemorrhagic event, (6) Renal 
system, (7) Gastrointestinal system, (8) Liver, (9) Biliary 
tract, (10) Pancreas, and 11) Other. One code for organ 
dysfunction was selected as the primary association with 
death, and all codes for organ dysfunction associated 
with death were recorded. The questionnaire utilized for 

data collection can be found in Supplementary Table  1 
(English version).

Data analysis
A descriptive analysis was performed to identify the epi-
demiological and clinical characteristics of the patients 
who died from COVID-19. Continuous variables were 
shown as median and interquartile range (IQR) and were 
compared using the Mann–Whitney U test. Categorical 
variables were shown as percentages in different catego-
ries and were compared using the Chi-square test. Sta-
tistical significance was set at P < 0.05. Data analysis was 
performed using SPSS Statistics version 25 (IBM Corp., 
Armonk, NY, USA) and R version 4.1.2 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results
From January 1 to September 31, 2020, 4,700 patients 
with COVID-19 were discharged from 66 institutions 
participating in the J-RECOVER study, of which, 272 
patients (5.8%) from 47 institutions who died were 
included, and there were no exclusions in this study. 
The overall mortality rate of the study participants was 
5.8%, and the mortality rate increased with age (Fig.  1). 
The characteristics of the patients with COVID-19 who 

Fig. 1 Mortality by age group of patients with COVID-19
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died are shown in Table 1. The median age of the study 
subjects age was 78 years (IQR 72, 84), 253 (93.0%) were 
60 years or older, most were men (72.8%), 160 patients 
(61.5%) were treated in the ICU, and the median survival 
time was 22 days. Laboratory data on admission showed 
median values of 10.5 mg/dl for C-reactive protein (CRP), 
394 U/L for lactate dehydrogenase (LDH), 819.9 ng/mL 
for ferritin, and 2.2 µg/mL for D-dimer, which were high, 
and 0.28 ng/mL for procalcitonin, which was normal.

The analysis of organ dysfunction in patients with 
COVID-19 is presented in Table  2. Respiratory system 
dysfunction (87.1%) represented the leading association 
with death, followed by cardiovascular (4.8%), central 
nervous (2.9%), gastrointestinal (2.6%), and renal (1.1%) 
system dysfunction. The higher mortality rate due to 
respiratory system dysfunction with increasing age is pre-
sented in Supplementary Table 2. Most patients (96.7%) 
who died of COVID-19 had respiratory system damage, 
and about half (48.9%) exhibited damage in two or more 
organs and/or systems. Of the patients whose primary 

Table 1 Characteristics of dead patients with COVID-19 at 
admission
Patient characteristics n = 272
Age, years 78 [72–84]
Sex, Male, n (%) 198/272 (72.8)
Body Mass Index, kg/m2 22.8 [20.5–26.0]
Charlson index 0 [0–1]
Pregnancy, n (%) 0/272 (0)
Race Japanese, n (%) 269/270 (99.6)
Intensive care unit admission, n (%) 160/260 (61.5)
Pneumonia identified by radiological examination, n 
(%)

259/270 (95.9)

Days from onset to admission 6 [3–12]
Survival time (from disease onset to death), days 22 [16–33]
Glasgow Coma Scale 15 [13–15]
Mean blood pressure, mmHg 93.3 [82–105]
Pulse rate, /min 90 [78–105]
Respiratory rate, /min 22 [18–26]
SpO2, % 95 [91–97]
Body temperature, ˚C 37.3 [36.7–38.0]
White blood cell, ×103 /µl 6.4 [4.5–9.8]
 Neutrophil, % 88.0 [80.3–92.3]
 Lymphocyte, % 5.0 [10.6–16.7]
 Monocyte, % 4.1 [2.3–6.7]
 Eosinophil, % 0.0 [0.0–0.3]
 Basophil, % 0.2 [0.0–0.3]
Hematocrit, % 37.6 [32.6–41.4]
Platelet, ×104 /µl 16.6 [12.6–22.0]
Albumin, g/dl 2.9 [2.4–3.3]
Total bilirubin, mg/dl 0.6 [0.4–0.8]
AST, U/L 47.0 [32.0–68.0]
ALT, U/L 27.0 [18.0–44.5]
BUN, mg/dl 24.2 [17.0–35.0]
Creatinine, mg/dl 0.96 [0.72–1.49]
LDH, U/L 394 [293–537]
Na, mEq/L 138 [134–141]
K, mEq/L 4.1 [3.7–4.5]
CRP, mg/dl 10.5 [5.2–17.3]
Procalcitonin, ng/mL 0.28 [0.13–1.21]
KL-6, U/mL 390 [265–782]
Ferritin, ng/mL 819.9 

[386.0–1383.8]
PT-INR 1.06 [1.00–1.13]
APTT, sec 34.7 [31.0–39.2]
D-dimer, µg/ml 2.2 [1.2–4.3]
Fibrinogen, mg/dl 502.5 

[425.8–599.3]
HbA1c, % 6.4 [5.7–7.1]
Continuous variables were expressed as median [interquartile range]. 
Categorical variables were n/N (%), where N is the total number of patients with 
COVID-19 in the relevant data minus missing values

ALT, alanine aminotransferase; AST, aspartate aminotransferase; APTT, 
activated partial thromboplastin time;BUN, blood urea nitrogen; CRP, C-reactive 
protein; HbA1c, hemoglobin A1c; KL-6, Krebs von den Lungen-6; LDH, lactate 
dehydrogenase; PT-INR, prothrombin time-international normalized ratio

Table 2 Dysfunction of organs and system of dead patients with 
COVID-19.

N = 272
Organs and system most associated with death
 Respiratory system 237 (87.1)
 Cardiovascular system 13 (4.8)
 Central nervous system 8 (2.9)
 Gastrointestinal system 7 (2.6)
 Renal system 3 (1.1)
 Hemorrhagic event 1 (0.4)
 Biliary tract 1 (0.4)
 Other 2 (0.7)
 Thromboembolic event 0 (0.0)
 Liver 0 (0.0)
 Pancreas 0 (0.0)
Dysfunction of organs and system
 Respiratory system 263 (96.7)
 Renal system 85 (31.3)
 Cardiovascular system 69 (25.4)
 Central nervous system 27 (9.9)
 Liver 25 (9.2)
 Thromboembolic event 23 (8.5)
 Hemorrhagic event 22 (8.1)
 Gastrointestinal system 14 (5.1)
 Biliary tract 6 (2.2)
 Other 5 (1.8)
 Pancreas 2 (0.7)
Number of Dysfunction of organs and system
 1 140 (51.5)
 2 62 (22.8)
 3 34 (12.5)
 4 17 (6.3)
 ≥5 19 (7.0)
Data were expressed as n (%)
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association with death other than respiratory dysfunc-
tion, 26 (74.3%) had respiratory dysfunction and received 
mechanical ventilation. Most patients (88.6%) whose pri-
mary association with death was other than respiratory 
dysfunction had more than one organ failure.

Of the patients whose primary association with death 
was respiratory dysfunction, 120 (50.6%) received 
mechanical ventilation, with a median age of 76 years; 
and 117 (49.4%) had no mechanical ventilation, with a 
median age of 81 years, showing a significant difference 
in age (P < 0.001) (Tables 3 and 4). Supplementary Table 3 
showed that the mechanical ventilation rate in deaths pri-
marily associated with respiratory dysfunction decreased 
as the age category increased.

Supplementary Table 4 presents specific diagnoses for 
each organ derived from the DPC data, identifying the 
primary association with death excluding respiratory 
dysfunction. Congestive heart failure and gastrointes-
tinal bleeding were both the most frequently observed, 
with three cases each. Cases where the diagnosis could 
not be determined from the DPC data were categorized 
as “unknown”. Moreover, Supplementary Table 5 offers a 
comparison of inflammatory responses based on respira-
tory system vs. non-respiratory system as primary associ-
ation with death. Specifically, levels of Procalcitonin and 

Ferritin were significantly higher in the non-respiratory 
system group than in the respiratory system group.

Discussion
This was the first multicenter nationwide study to iden-
tify organ dysfunction as primary association with death 
in patients with COVID-19. This study highlights that 
although respiratory system dysfunction was the most 
common association with death, multiple organ dysfunc-
tion was also associated with death in many cases. In 
addition, this study suggests that the mechanical ventila-
tory rate decreased with increasing age in deaths due to 
respiratory failure.

Similar to the previous studies [5–7, 12, 13], we found 
that respiratory dysfunction was the most common asso-
ciation with death in COVID-19 patients. We believe 
that the results of this large cohort study will contribute 
to the generalization compared to a single-center study. 
The reason for not receiving mechanical ventilation in 
COVID-19 deaths primarily associated with respiratory 
dysfunction may be related to age. Although the higher 
rate of invasive mechanical ventilation compared to the 
previous studies [5, 6] suggests that more intensive care 
resources were allocated in Japan, the shortage of medi-
cal resources due to the pandemic also occurred [14], and 
it is possible that medical resources such as mechani-
cal ventilation were allocated to younger patients. This 
hypothesis is supported by the fact that a survey con-
ducted in Japan revealed that non-medical and medical 
personnel largely agreed on the triage process: allocation 
prioritizing those most likely to recover on ventilators, 
allocation prioritizing treatment of the young, and alloca-
tion prioritizing those who can live longer after ventila-
tory treatment [15]. A similar phenomenon of lower rates 
of ventilatory use with increasing age was observed in 
nationwide data from Germany, where the rate of ventila-
tory use was less than 1% in people over 90 years of age 
[16]. The small number of oxygen therapy sessions with a 
high-flow nasal cannula (HFNC) may be attributed to the 
fact that HFNC was not recommended during this study 

Table 3 Organ dysfunction and supportive care in cases where the respiratory system was the primary association with death and in 
other cases
Organs and system as primary association with death High flow 

nasal cannula
Mechanical 
ventilation

V-V ECMO V-A 
ECMO

Respiratory system 237 4 120 15 0
 Dysfunction of only respiratory system 135 3 57 3 0
 Dysfunction of two or more organs, including respiratory system 102 1 63 12 0
Organ dysfunction other than respiratory system 35 1 26 13 1
 Dysfunction of only one system 4 0 1 1 0
 Dysfunction of two or more organs, excluding respiratory system 5 1 4 2 0
 Dysfunction of two or more organs, including respiratory system 26 0 21 10 1
V-A ECMO, veno-arterial Extracorporeal Membrane Oxygenation; V-V ECMO, veno-venous extracorporeal membrane oxygenation

Table 4 Characteristics of deaths with and without ventilation 
when respiratory system is the primary association with death
Respiratory dysfunction 
(n = 237)

Mechanical 
ventilation 
(n = 120)

No mechani-
cal ventila-
tion (n = 117)

P 
value

Age, years 76 [69–81] 81 [75–88] < 0.001
Sex, Male 91 (75.8) 79 (67.5) 0.20
Body Mass Index 24.1 

[22.0–26.8]
21.5 
[19.3–24.3]

< 0.001

Intensive care unit admission 110 (91.7) 22 (18.8) < 0.001
Survival time (from disease 
onset to death), days

27 [19–37] 17 [12–24] < 0.001

Continuous variables were expressed as median [interquartile range]. 
Categorical variables were n/N (%), where N is the total number of patients with 
COVID-19 in the relevant data minus missing values. Continuous variables were 
compared using the Mann–Whitney U test. Categorical variables were shown 
as percentages in different categories and were compared using the Chi-square 
test
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period because it might increase the risk of viral trans-
mission [17].

Similar to the study by Zhang et al. [5], we found that 
the second leading association with death in COVID-19 
was cardiovascular system dysfunction, and that there 
was also a high incidence of multiple organ damage, 
which is consistent with the case series by Elezkurtaj et 
al. [8]. A review by Chang et al. reported an increased 
risk of death in patients with COVID-19 with con-
comitant cardiac dysfunction [18]. The pathogenesis of 
SARS-CoV-2 induced cardiac damage remains not fully 
understood, but several mechanisms have been postu-
lated. These include the direct role of the ACE2 receptor, 
through which SARS-CoV-2 binds and penetrates vari-
ous cell types, leading to potential myocardial inflamma-
tion; a hyperimmune response characterized by cytokine 
storms and systemic inflammation; and the activation of 
the TLR4 pathway, which enhances ACE2 expression and 
subsequently facilitates viral entry, resulting in hyper-
inflammation and potential organ injuries. Myocardial 
damage may also stem from the profound alteration of 
endothelial homeostasis, leading to manifestations such 
as oedema, microvascular inflammation, and athero-
thrombosis [19]. Recent evidence on cardiac magnetic 
resonance imaging suggests that myocardial angiopathy 
and its complications might be primary mechanisms of 
acute myocardial injury, with myocarditis being a rarer 
occurrence [20]. These may induce new cardiac patholo-
gies (myocardial infarction, heart failure, etc.) or exacer-
bate underlying cardiovascular diseases, and are thought 
to contribute to increased mortality.

In patients whose organ disfunction primarily associ-
ated with death was not respiratory system, congestive 
heart failure and gastrointestinal bleeding were the most 
common specific diagnoses according to the DPC data 
(Supplementary Table  4). One possible reason for mul-
tiple organ damage is that in patients with acute respi-
ratory distress syndrome, inflammation induced by lung 
injury can cause biotrauma and damage to other organs 
as well [21]. In addition, COVID-19 was reported to 
cause cytokine storms characterized by elevated serum 
levels of pro-inflammatory cytokines and multi-organ 
damage, which is known as Multisystem Inflamma-
tory Syndrome in Adults (MIS-A) [3, 22]. A comparison 
between the respiratory and non-respiratory groups pri-
marily associated with death revealed a trend toward a 
stronger inflammatory response in the non-respiratory 
group (Supplementary Table  5). This trend may suggest 
the involvement of MIS-A in COVID-19 cases. In this 
study cohort, thromboembolic events were reported 
in 8.5% of patients, but no deaths were reported with a 
thromboembolic event as the primary association. This 
could be due in part to racial differences from other 

countries, but the mechanism is unclear and requires fur-
ther study [23].

Although previous studies have shown that older age is 
associated with higher mortality [15, 24, 25], no studies 
have shown which organ damage contributes to death by 
age group. In all age groups, deaths from respiratory dis-
orders were the most common cause of death, especially 
in patients over 70 years of age, where respiratory disor-
ders were the primary association with death in 90.3% of 
patients.

The strength of this study is that the large, multicenter 
cohort strengthens the generalization that the most com-
mon cause of death in COVID-19 is respiratory failure, 
and that death is often due to multiple organ damage.

This study had several limitations. Firstly, the messen-
ger RNA vaccine against SARS-CoV-2 was introduced in 
Japan in February 2021 [26], and none of the study par-
ticipants had been vaccinated at that time. Further stud-
ies are needed on the vaccinated population. Secondly, 
the J-RECOVER database used for this study did not 
include postmortem examination data but collected clin-
ical information on organ dysfunction. Thirdly, clear data 
criteria for organ dysfunction were not established within 
this database. Decisions regarding data collection items 
for the registry were finalized in late 2020. At that time, 
criteria for COVID-19 multi-organ failure [7] or MIS-A 
was not well-defined. While the CDC has since presented 
criteria for MIS-A [27], the standards for organ failure 
remain ambiguous [28]. Consequently, drawing from sin-
gle-center studies [5, 6], we devised a code table. Attend-
ing physicians, primarily specializing in emergency or 
intensive care and well-versed in evaluating impaired 
organs, then identified the organ predominantly associ-
ated with death, along with other affected organs. This 
constraint affects the interpretation of this study’s results. 
Fourthly, this study primarily aimed to elucidate injured 
organ in deceased patients with COVID-19. However, 
it is essential to acknowledge that the interpretation of 
causal relationships between COVID-19 and organ dys-
function leading to death is constrained. We did not 
account for the temporal progression of laboratory find-
ings, the course of comorbidities, the responsiveness to 
therapies, or potential iatrogenic effects of treatments. 
Consequently, drawing definitive conclusions regarding 
causality remains challenging. Fifthly, the specific distri-
bution of medical resources in hospitals during the peak 
of the COVID-19 pandemic might have influenced our 
findings. This unique allocation could introduce bias in 
the data, potentially affecting the overall interpretation 
of the study results. Finally, the present study did not fol-
low the patients once they were discharged from the hos-
pital and did not catch deaths from post-acute sequelae 
of COVID-19 or the long-term prognosis after discharge 
for COVID-19 infection. Further research is needed to 
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investigate the long-term prognosis of COVID-19 post-
discharge, to identify organ dysfunction as a cause of 
death after vaccine introduction, and to confirm these 
topics in other ethnic groups besides Asians.

Conclusion
Through a multi-center nationwide observational study, 
this study showed that although respiratory dysfunction 
was the most common association with death, in many 
cases, multi-organ dysfunction was associated with death 
due to COVID-19.
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