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Introduction: Although several reports on the risk factors for severe disease of COVID-19 already exist,
reports on effective early indicators are still limited, especially from Japan. This study was conducted to
clarify the patient’s characteristics whose disease progressed to severe status.
Methods: The medical records of all consecutive 300 Japanese patients hospitalized at our institution
between February and November 2020 were retrospectively reviewed. The clinical characteristics were
evaluated to compare between mild (no oxygen needed), moderate (oxygen needs of 1e4 L/min), and
severe diseases (oxygen needs of 5 L/min or more).
Results: The median age was 68 years old, with 123 (41.0%) males and 177 (59.0%) females. Of these, 199
patients (66.3%), 55 patients (18.3%), 46 patients (15.3%) patients were in the mild disease, moderate
disease, severe disease groups, respectively. Patients with severe disease were more likely to be older,
have more comorbidities, and tended to have higher body mass index. In laboratory data, lymphocyte
count, levels of C-reactive protein (CRP), LDH, and AST on admission were significantly associated with
the severity. In multivariate analysis, age and CRP were the independent risk factors for severe disease
(OR ¼ 1.050, 1.130, respectively). The optimal cut-off value for age was 74 years old and that for CRP was
3.15 mg/dL.
Conclusions: Age and CRP were independently associated with disease severity of COVID-19 in multi-
variate analysis. Additionally, the numbers of underlying disease, lymphocyte count, and inflammatory
markers such as LDH and D-dimer may also be related to disease severity.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
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Approximately 5%e20% of patients with coronavirus disease
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coronavirus 2 (SARS-CoV-2) develop severe pneumonia, and some
of them progress to life-threatening respiratory failure, acute res-
piratory distress syndrome, and multiple organ failure [1e5]. One
of the main challenges for clinicians is how to identify COVID-19
patients early at high risk for severe disease. Previous studies on
COVID-19 have reported that age, gender, underlying diseases such
as coronary artery disease and diabetes mellitus, and inflammatory
markers including C-reactive protein (CRP), lactate dehydrogenase
(LDH), and D-dimer are risk factors for poor prognosis [6e8].
However, reports on early indicators of risk factors for severe dis-
ease of COVID-19 are still limited, especially among Japanese
patients.

Our hospital is one of the priority hospitals for COVID-19 pa-
tients in Kanagawa Prefecture in Japan, mainly treating COVID-19
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Baseline Characteristics of COVID-19 patients between the three groups.

Mild (n ¼ 199) Moderate (n ¼ 55) Severe (n ¼ 46) P-value

Age 61.1 (18.1) 67.9 (14.2) 72.2 (10.3) <0.001
Sex
Male 85 (42.7%) 24 (43.6%) 14 (30.4%) 0.283
Female 114 (57.3%) 31 (56.4%) 32 (69.6%)

Smoking history
Current-smoker 27 (13.6%) 4 (7.3%) 0 (0%) 0.007
Ex-smoker 72 (36.2%) 24 (43.6%) 28 (60.9%)
Never-smoker 100 (50.3%) 27 (49.1%) 18 (39.1%)

Days from onset to hospitalization 5.2 (3.9) 6.1 (3.5) 5.5 (3.3) 0.235
Days from onset to severe disease e e 9.7 (3.7) e

Underlying diseases
Hypertension 68 (34.2%) 28 (50.9%) 25 (54.3%) 0.009
Diabetes 35 (17.6%) 15 (27.3%) 18 (39.1%) 0.006
Cardiovascular disease 28 (14.1%) 10 (18.2%) 10 (21.7%) 0.376
Cerebrovascular disease 12 (6.0%) 4 (7.3%) 7 (15.2%) 0.127
Chronic kidney disease 9 (4.5%) 2 (3.6%) 3 (6.5%) 0.779
COPD 29 (14.6%) 6 (10.9%) 10 (21.7%) 0.306
Interstitial Pneumonia 7 (3.5%) 2 (3.6%) 5 (10.9%) 0.128
Malignant disease 3 (1.5%) 2 (3.6%) 1 (2.2%) 0.476

Symptoms at admission
Fever 153 (76.9%) 51 (92.7%) 41 (89.1%) 0.008
Cough 100 (50.3%) 34 (61.8%) 32 (69.6%) 0.034
Disorder of taste or smell 42 (21.1%) 8 (14.5%) 7 (15.2%) 0.483
Dyspnea 35 (17.6%) 21 (38.2%) 18 (49.1%) <0.001
Diarrhea 23 (11.6%) 6 (10.9%) 6 (13.0%) 0.929

Laboratory data
WBC (/mL) 5137.2 (1805.4) 6045.5 (2947.0) 5843.3 (2564.6) 0.009
Lymphocyte (/mL) 1201.1 (465.2) 1048.8 (409.9) 1004.6 (454.2) 0.002
LDH (U/L) 219.9 (62.6) 286.6 (99.0) 303.1 (123.5) <0.001
AST (U/L) 33.3 (27.8) 41.4 (18.6) 51.9 (37.6) <0.001
CRP (mg/dL) 3.02 (4.07) 5.98 (4.32) 8.44 (6.79) <0.001
D-dimer (mg/ml) 1.21 (1.70) 1.54 (1.66) 1.84 (2.14) 0.080

Treatment regimen
Ciclesonide 82 (41.2%) 26 (47.3%) 20 (43.5%) 0.708
Favipiravir 106 (53.3%) 32 (58.2%) 33 (71.7%) 0.073
Remdesivir 11 (5.5%) 24 (43.6%) 30 (65.2%) <0.001
Corticosteroids 74 (37.2%) 49 (89.1%) 44 (95.7%) <0.001
Tocilizumab 1 (0.5%) 5 (9.1%) 21 (45.7%) <0.001
Immunoglobulin 1 (0.5%) 6 (10.9%) 11 (23.9%) <0.001

Clinical course
NIPPV or HFNC 0 (0%) 0 (0%) 11 (24.4%) e

Mechanical ventilation 0 (0%) 0 (0%) 17 (37.8%) e

ECMO 0 (0%) 0 (0%) 1 (2.2%) e

Death 0 (0%) 0 (0%) 6 (13.0%) e

Abbreviations: AST, aspartate aminotransferase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; ECMO, extracorporeal membrane oxygenation; HFNC,
high-flow nasal cannula; LDH, Lactate dehydrogenase; NIPPV, noninvasive positive pressure ventilation; WBC, white blood cell.
Categorical data are presented as numbers (percentages) and were analyzed using Fisher’s exact test. Continuous data are presented as mean (standard deviation) and were
analyzed using an analysis of variance. A p value of <0.05 was considered statistically significant.
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patients with moderate disease, defined by Japanese Ministry of
Health, Labour and Welfare criteria as saturation of percutaneous
oxygen (SpO2) less than 96%, respiratory symptoms such as dys-
pnea, or pneumonia on imaging and those at high risk of severe
illness. We have experienced that some patients became severe and
were transferred to advanced medical institutions. Thus, our focus
is on preventing the deterioration frommoderate to severe disease
to require a ventilator or extracorporeal membrane oxygenation
(ECMO).

In this study, we retrospectively reviewed all the records of
COVID-19 patients admitted at our hospital, a major Japanese
COVID-19 hospital, to clarify the background and clinical charac-
teristics of the patients and to identify risk factors for disease
progression.

Material and methods

Study design and participants

This is a single-center, retrospective study performed at Kana-
gawa Cardiovascular and Respiratory Center in Yokohama, Japan.
896
All consecutive Japanese patients who were admitted to the hos-
pital with the diagnosis of COVID-19 between February 1, 2020, and
November 30, 2020, were retrospectively assessed. The diagnosis of
COVID-19 was confirmed using polymerase chain reaction test or
antigen testing for SARS-CoV-2 from sputum or nasopharyngeal
swabs. The end of follow-up was the day when patients recovered
and were discharged from the hospital, were transferred to the
advanced medical institution for critically ill patients, or have died.
The Ethics Committee of the Kanagawa Cardiovascular and Respi-
ratory Center approved the study protocol (approved number,
KCRC-20-0042), and the requirement of obtaining patient consent
was waived because this was a retrospective study and high ano-
nymity was ensured.

Clinical analysis

The following information was collected from the patient’s
medical records: age, sex, height, weight, body mass index (BMI),
smoking history, comorbidities, days from onset to hospitalization,
symptoms at initial visit, respiratory status, laboratory data, ther-
apeutic medications, use of noninvasive positive pressure
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ventilation, high-flow nasal cannula, mechanical ventilation and
ECMO, and outcome. Comorbidities included cardiovascular dis-
ease, cerebrovascular disease, hypertension, diabetes mellitus,
chronic kidney disease, interstitial pneumonia, chronic obstructive
pulmonary disease, and active malignant disease. The Charlson
Comorbidity Index was also evaluated on the basis of previous
report [9]. Laboratory data included white blood cell count,
lymphocyte count, CRP, LDH, aspartate aminotransferase (AST), and
D-dimer at diagnosis.

Because pressure of oxygen (PaO2) was not available in many
cases, the ratio of SpO2 to fraction of inspired oxygen (FiO2) (SpO2/
FiO2) was used to assess the respiratory state, referring to a previ-
ous report [8].

Definition of disease status

We classified COVID-19 patients into three categories according
to their worst respiratory status during the course of the disease: 1)
mild disease group, patients who did not require oxygen admin-
istration during their course; 2) moderate disease group, patients
who required oxygen administration but whose maximum oxygen
dose was less than or equal to 4 L/min; and 3) severe disease group,
patients who requiredmore than 5 L/min of oxygen administration.

Severe illness was defined as “worsening of respiratory status
requiring oxygen administration of 5 L/min or more” because of the
small number of events includingmechanical intubation and death.

Naturally, patients who could not maintain their respiratory
status with oxygen alone and required mechanical ventilation or
ECMO were classified into the severe disease group.

Statistical analysis

Categorical data are presented as numbers (percentages) and
are compared using Fisher’s exact test. Continuous data are pre-
sented as mean (standard deviation) and are compared using an
analysis of variance. Risk factors for severe disease were also
examined using a logistic regression model. Additionally, receiver
Fig. 1. The average of BMI, and distribution of Charlson comorbidity index score betwe
(A) The averages of BMI and standard errors were shown in the bar graph. The BMI averag
(B) The percentage of the number of Carlson Comorbidity Index between the three groups wa
a Charlson comorbidity index of 0, and the proportion of patients with a Charlson comorb
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operating characteristic (ROC) curve analysis was used to obtain the
optimal cutoff values for the risk factors obtained in the multivar-
iate analysis.

A P-value of < 0.05 was considered to be statistically significant.
All statistical analyses were performed using EZR (Saitama

Medical Center, Jichi Medical University, Saitama, Japan) [10],
which is a graphical user interface for R version 3.2.2 (The R
Foundation for Statistical Computing, Vienna, Austria).
Results

Clinical characteristics on admission

A total of 300 Japanese COVID-19 patients were enrolled in the
study. The median age of all patients was 68 years old (range:
21e96 years old), with 123 (41.0%) males and 177 (59.0%) females.
Of these, 199 patients (66.3%) were in the mild disease group
requiring no oxygen administration, 55 patients (18.3%) in the
moderate disease group that required less than 5 L/min of oxygen,
and 46 patients (15.3%) in the severe disease group that required
more than 5 L/min of oxygen.

The patient characteristics of the three groups are shown in
Table 1. The mean age was significantly older in the severe disease
group. The mean time from onset to hospitalization was 5e6 days,
with no significant difference. In the severe disease group, the
mean time from onset to severe disease was 9.7 days.

Patients in the severe disease group were significantly more
likely to have hypertension and diabetes. More patients in the
moderate and severe disease groups had fever, cough, and dyspnea
at the time of hospitalization than those in the mild disease groups.

The BMI average and the number of comorbidities indicated as
the Charlson Comorbidity Index between the three groups are
shown in Fig. 1. Although no statistically significant difference was
found, the BMI average tended to increase with disease severity.
The number of comorbidities tended to increase as the disease
became more severe.
en the three groups.
e tended to increase with severity of disease.
s shown in the bar graph. A higher proportion of patients in the mild disease group had
idity index of 2 or more increased as the disease became more severe.



Fig. 2. The average of laboratory data between the three groups.
The averages of laboratory data and standard errors were shown in the bar graph. The patients in more severe disease group were more likely to have lower lymphocyte count (A)
and higher levels of LDH (B), CRP (C), and D-dimer (D).
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Laboratory data and treatment status

The laboratory data on admission of the three groups are shown
in Table 1, with the mean and standard deviation. Laboratory data
showed that patients with more severe disease were more likely to
have lower lymphocyte count and higher levels of LDH, CRP, AST,
and D-dimer.

The averages of these variables between the three groups are
shown in Fig. 2. The patients in more severe disease group were
more likely to have lower lymphocyte count, and higher levels of
LDH, CRP, and D-dimer.

The treatment regimen and outcomes are described in Table 1.
Many drugs including remdesivir, corticosteroid, tocilizumab, and
immunoglobulinwere usedmore frequently inmore severe disease
group. However, despite these treatments, of the 46 patients in the
severe disease group,17 (37.8%) and one (2.2%) requiredmechanical
ventilation and ECMO, respectively, and six (13.0%) died.
898
Correlation of respiratory status and laboratory findings

The correlations between patients’ worst respiratory status
(SpO2/FiO2) during hospitalization and the aforementioned
continuous variables are shown in Fig. 3.

High CRP and LDH levels in the initial blood tests were strongly
correlated with worsening of respiratory status. Moreover, older
age and low lymphocyte count were also weakly associated with
worsening of respiratory status.
Risk factors for the severity of COVID-19

Results of univariate and multivariate analyses of risk factors for
severe disease are shown in Table 2. In univariate analysis, age,
hypertension, diabetes, lymphocyte count, LDH, and CRP were
significantly associated with severity of COVID-19. In multivariate



Fig. 3. The correlation between patients’ worst respiratory status (SpO2/FiO2) and patient’s characteristics.
The worst respiratory status (SpO2/FiO2) is shown on the vertical axis and each parameter is shown on the horizontal axis, and correlations were examined. High CRP and LDH levels
in the initial blood tests were strongly correlated with worsening of respiratory status (D, E). Older age and low lymphocyte count were also weakly associated with worsening of
respiratory status (A, C).

Table 2
Univariate and multivariate analyses of risk factors for severe disease.

Variable Univariate model Multivariate model

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age 1.040 1.02e1.07 <0.001 1.050 1.02e1.08 0.003
Sex 1.720 0.87e3.38 0.116 e e e

Hypertension 1.960 1.04e3.69 0.037
Diabetes 2.620 1.34e5.12 0.005 2.160 0.98e4.76 0.057
Lymphocyte 0.999 0.998e1.00 0.043 e e e

LDH 1.010 1.00e1.01 <0.001 e e e

CRP 1.160 1.10e1.23 <0.001 1.130 1.04e1.22 0.003
D-dimer 1.150 0.99e1.32 0.065 e e e

Abbreviations: Cl, confidence interval; CRP, C-reactive protein; LDH, lactate dehydrogenase.
Risk Factors associated with severity of disease were analyzed by logistic regression model. A p value of <0.05 was considered statistically significant.
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analysis, age and CRP were independently associated with the
severity of the disease.

The ROC curves are shown in Fig. 4 to evaluate the cutoff values
for age and CRP. The optimal cutoff value for age was 74 years old
(sensitivity 58.5% and specificity 70.9%) and that for CRP was
3.15 mg/dL (sensitivity 76.1% and specificity 59.8%). Additionally,
the area under curves (AUC) for age and CRP alone were not very
high (0.67 and 0.75, respectively), but they increased to 0.81 when
combined.
899
Discussion

In this study, we investigated the patient background and clin-
ical characteristics of Japanese patients with COVID-19, and iden-
tified the risk factors for severe disease. Some studies on the risk
factors for mortality or the need for mechanical ventilation of
COVID-19 patients have been reported worldwide, especially in
China. However, reports from Japan are limited, and our study
focusing on Japanese patients is thought to be important. The



Fig. 4. Receiver operating characteristic curve analyses of age and CRP.
Receiver operating characteristic curve analyses of age (A) and CRP (B) at diagnosis. The arrows indicate the cut-off values.
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mortality rate and the percentage of patients requiring a ventilator
are low in Japan, and unlike in other countries, these events may
not be suitable for accurate evaluation of the Japanese clinical
practice. Therefore, this study took the present method of defining
severe disease as requiring more than 5L/min of oxygen
administration.

In this study, low lymphocyte count and elevated inflammatory
markers such as CRP and LDH were significantly higher in patients
with severe disease. The association between these parameters and
prognosis has been reported in many previous reports. A previous
cohort study on COVID-19 reported that the most influential
marker of risk was lymphopenia, and patients with severely low
lymphocyte count (<0.5� 109/L) had a higher mortality rate [11]. In
our study, lymphocyte count in the severe disease group was lower
than that in the mild and the moderate disease groups. Similarly,
other reports that severe COVID-19 patients tended to have higher
levels of inflammatory markers such as CRP and LDH support our
findings [7,12,13]. Among these laboratory findings, it may be
necessary to pay particular attention to CRP and LDH, which were
more strongly correlated with respiratory status in the present
study. Although the difference was not statistically significant, the
BMI tended to be higher as the disease became more severe. The
association between obesity and the severity of COVID-19 has been
reported in several studies. However, it is important to demonstrate
that the associationwas also observed in Japanese patients who are
generally less obese than patients in Europe and the United States
[14,15]. As regards underlying diseases, previous reports showed
that comorbidities such as hypertension, diabetes mellitus, and
cardiovascular disease correlate with COVID-19 mortality. In this
study, hypertension and diabetes were more common in patients
with severe disease [16e18]. Additionally, the Charlson Comor-
bidity Index, which scores these preexisting conditions, has a high
percentage of patients with severe disease, which suggests that
multiple comorbidities, not just a single comorbidity, may be a risk
for severe disease [9]. Although these variables were not signifi-
cantly correlated with severity of illness on multivariate analysis
due to the small number of cases or events in the present study, the
possibility of severe disease in patients with these backgrounds
should always be kept in mind.

More importantly, in multivariate analysis of this study, age and
CRP were the independent risk factors for the severe disease. Age
has been reported as a risk factor for poor outcomes in previous
reports, especially in patients over 65 years old, with a higher
900
mortality rate than in patients under 65 years old [19,20]. More-
over, other study also demonstrated that for each one-year increase
in age, the odds of death increased by 5%, and this result is
consistent with our results [21]. On the other hand, several reports
on the correlation between CRP and the severity exit, and they
reported that non-survivors have higher levels of CRP than survi-
vors at the first visit [7,14,22,23]. However, reports of CRP as a risk
factor for severe disease in multivariate analysis are limited, indi-
cating that our results from the multivariate analysis are of great
significance. As shown in the ROC curves, the AUC for age and CRP
alone was small, but it increased to high accuracy level when
combined. It is important to evaluate these risk factors in a
comprehensive manner.

We have beenmainly treating COVID-19 patients withmoderate
disease. In Kanagawa Prefecture, the policy is that patients who
need more than 5L/min of oxygen should be transferred to
advanced medical institutions where advanced medical care such
as mechanical ventilator and ECMO can be performed. Thus, our
focus is on preventing the deterioration from moderate to severe
disease. Several reports on how to classify the severity of COVID-19
are present [24,25]. In this study, we defined severe illness as
worsening of respiratory status requiring oxygen administration of
5 L/min or more to meet the clinical practice, mainly because the
rate of mortality or the need for mechanical ventilationwas too low
to evaluate in Japan.We previously reported a case report of COVID-
19 patient with interstitial pneumonia that improved with steroid
treatment [26] and case series of 11 patients treated with Favipir-
avir in combination with steroids for COVID-19 [27]. Of course,
effective treatment for COVID-19, including steroids, has not yet
been fully established. However, on the basis of these experiences,
we believe that aggressive treatment of patients with these risk
factors with antiviral and anti-inflammatory drugs, even in cases
that did not require oxygenation, would have prevented the dete-
rioration. The accumulation of cases will lead to the establishment
of risk factors and treatment methods.

This study had several limitations. First, it was a single-center
retrospective study with a small number of patients. Therefore, a
larger scale study is needed to establish our results. Second, various
therapeutic agents were used, some of which were used at signif-
icantly different frequencies in the severe and non-severe disease
groups, and these drugs may have influenced the progression of the
disease. In particular, corticosteroids were administered to about
40% of patients in the mild disease group and to about 90% of
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patients in the moderate and severe disease groups. It is reasonable
to assume that steroid use may have affected the severity of the
disease. However, because of the limitation of the retrospective
study, it was difficult to determine its influence on the outcome.
Furthermore, the natural course of the disease itself may have
influenced our results. However, most of the previous reports on
COVID-19 were also retrospective studies, and we do not believe
that they had a significant impact on the analysis of risk factors for
severe disease in our study. Third, the definition of severe illness of
respiratory status requiring oxygen administration of 5 L/min or
more may have influenced our results. Most of the previous studies
have defined tracheal intubation and death as the severe illness,
and in this respect, the results possibly differed from previous re-
ports. However, as mentioned above, we believe that our definition
of severity well fit the clinical setting in Japan.

Conclusions

This study demonstrated that age and CRP were independently
associated with severity in multivariate analysis in Japanese pa-
tients with COVID-19. Additionally, underlying disease, BMI,
lymphocyte count and, inflammatory markers such as LDH and D-
dimer may also be related to the severity of the disease. Further
investigation is required to establish the results of this study.
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