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Abstract

We conducted a multicenter retrospective cohort study across 38 hospitals in Chiba,
Japan, between February 1, 2020 and November 31, 2021 to investigate the effect of
coronavirus disease 2019 (COVID-19) on patients with diabetes mellitus receiving inpa-
tient care. We collected inpatient medical data through Diagnosis procedure combination
(DPC), the diagnoses and payment system of medical insurance, from each hospital. We
excluded patients younger than 18 years, those who were pregnant, and those who had
diabetes but were not treated with diabetic medication. A total of 10,776 patients were
included: 7,679 in the non-diabetic (control) group and 3,097 in the diabetic group. Patients
in the diabetic group were older and had a higher body mass index (BMI) than those in
the control group. In the diabetes group, 88.4% of the patients were treated with insulin
therapy and 44.2% were treated with oral hypoglycemic agents. The length of hospital
days was significantly longer in the diabetes group. The in-hospital mortality rate was sig-
nificantly higher especially between 50 and 59 years old. The rates of in-hospital mortality,
mechanical ventilation, intensive care unit (ICU) admission, renal replacement therapies
such as hemodialysis (HD), and continuous hemodiafiltration (CHDF) were all higher,
even after adjusting for age, sex, BMI, and ambulance use. In conclusion, diabetes was

a significant risk factor of the severe clinical outcomes especially for in-hospital mortality,
mechanical ventilation usage, ICU admission, HD, and CHDF in Japan.

Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is highly contagious and
has caused the coronavirus disease 2019 (COVID-19) pandemic. As the COVID-19 continued
to spread, researchers have investigated the factors contributing to the severity of the illness
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and its treatment, driven by its high mortality rate and the prevalence of cases. Hyperglycemia
and diabetes were independent risk factors during the SARS-COV-1 outbreak in 2002-2003
[1]. Additionally, diabetes was reported to be a risk for severe disease in 2012 Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) [2]. Moreover, not only diabetes but also
older age, male, hypertension, obesity, cancer, and kidney failure were identified as the multi-
ple risk factors of COVID-19 [3-5].

COVID-19 is associated with multi-organ damage, making the clinical manifestations
critical for understanding the pathophysiology of the disease. It often leads to acute respi-
ratory distress syndrome (ARDS), acute kidney injury (AKI) requiring hemodialysis, and
other forms of organ failures [6]. These complications contribute to increased admissions to
intensive care unit (ICU), where the use of mechanical ventilation and dialysis is common [7].
Treatment of COVID-19 in Japan followed Japanese guidelines, including the introduction of
mechanical ventilation [8]. Although the mortality rate from SARS-CoV-2 infections has been
relatively low in Japan, an elevated risk of mortality has been reported in patients with diabe-
tes [9]. However, comprehensive studies examining the treatment and outcomes of COVID-
19 in patients with diabetes remain limited.

Here, we conducted a study using real-world data on inpatient medical information and
Diagnosis Procedure Combination (DPC) data in Japan to analyze the background of hospi-
talized patients. The aims of this research were to assess the impact of COVID-19 on patients
with diabetes over time and to investigate their association with mechanical ventilation, ICU
admissions, hemodialysis, and continuous hemodiafiltration (CHDF), as well as the implica-
tions for medical resource utilization. Finally, we evaluated the various effects of COVID-19
on mortality among patients with diabetes. The findings of this study may offer valuable
insights for managing future infectious disease outbreaks.

Materials and methods
Data source

The DPC system is a classification system for hospital reimbursements from insurers with
regular inspections by government in Japan. The DPC database contains inpatient clinical
information, including disease diagnoses, comorbidities, medications, and medical treatments
such as mechanical ventilation, intensive care units (ICU), and hemodialysis. Diseases were
indicated according to the International Classification of Diseases, Tenth Revision (ICD-19)
codes [10].

Study population

The fully anonymized DPC data of 11,601 patients diagnosed and hospitalized with COVID-
19 between February 1, 2020 and November 31, 2021, were extracted from 38 hospitals. The
Data were accessed for research purposes and obtained on 6th July 2022. These hospitals had
a research collaboration with the Chiba University Hospital Director’s Planning Office and
maintained the DPC data. This retrospective study was conducted using these data. The data
were fully anonymized, and authors did not have access to information that could identify
individual participants during or after data collection.

Outcomes and statistical analysis

The primary outcome was in-hospital mortality. Parameters of mechanical ventilation, ICU,
hemodialysis, and continuous hemodiafiltration were investigated. All statistical analyses were
performed using SPSS Statistics 28 (IBM, Armonk, NY, USA). Continuous variables were
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assessed using Student’s t-test, and categorical variables were analyzed using Fisher’s exact test.
Logistic regression analyses were performed to determine the association between diabetes
and outcomes after adjusting for confounders, including age, sex, body mass index (BMI), and
ambulance. A P <0.05 was considered statistically significant.

Ethics statements

This study adhered to the ethical standards of the Declaration of Helsinki. The study was
approved by the ethics committee of Chiba University Hospital (approval number 3309 since
27th June 2022). This research is not registered on the clinical trials registry system because
the design of this study is retrospective and public by opt-out method presenting on hospital
websites. The requirement for direct informed consent was waived owing to the anonymity
of the data. We believe that the clinical trials registry system would not affect the results and
conclusions of the study strongly.

Result

Of the 11,601 cases, 825 were excluded:402 were under the age of 18, 114 were pregnant, and
309 were cases with diabetes mellitus but not on diabetic medication. Although diagnosis of
diabetes using DPC data has been reported to be accurate [11], we excluded cases of diabetes
without medication, which were less than 3% among all cases, to analyze diabetes group more
accurately. Of the remaining 10,776 cases, 7,679 and 3,097 were classified in the non-diabetic
(control) and diabetic group, respectively (Fig 1). Among 3,097 cases of diabetes, those are
mostly type 2 diabetes except 15 cases were type 1 diabetes (0.48%).

Patients hospitalized for treatment of
COVID-19
between February 2020 and November 2021 (n=11,601)

Excluded patients (n=825)
* Patients under 18 years old (n=402)

Patients for analysis (n=10,776) | + Patients who are pregnant (n=114)
+ Diabetes without medication (n=309)

Controls Patients with diabetes
(n=7,679) (n=3,097)

Fig 1. Flow chart of the population selection for this study. The data was extracted between February2020 and November 2021. Among
11,601 cases, 825 were excluded because 402 were under the age of 18, 114 were pregnant, and 309 were cases with diabetes mellitus but not on
diabetic medication. The group of control had 7,679 cases while the group of diabetes had 3,097 cases.

https://doi.org/10.1371/journal.pone.0319801.9001
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The background results showed a correlation of age, male sex, and body mass index (BMI).
The mean age of patients in the diabetic group was 67.4 years (55.7 years in the control group,
p-value <0.001). The proportion of males was higher (68.2%) in the diabetes group than in
the control group (54.9%) (odds ratio [OR] 1.75, 95% confidence interval [CI] 1.60-1.91,
p-value <0.001). For patients with diabetes, the BMI was 25.6 kg/m?, whereas that of the con-
trol was 23.6 kg/m? (p <0.001). The existence of diabetes augmented the probability of hospi-
talization via ambulance (22.2% in the control group vs 40.7% in the diabetes group, OR 2.41,
95% CI 2.21-2.63, p <0.001). Regarding diabetes treatment, oral hypoglycemic agents were
administered in 44.2% of patients with diabetes. The rate of insulin use was 88.4%, indicating
a high rate of insulin therapy in the diabetes group (Table 1). Among hypoglycemic agents,
DPP-4 inhibitors were the most common medication (42.4%). All background of hypoglyce-
mic agents is presented in data (S1 Table).

The therapeutic interventions for patients with diabetes were more severe than those for
controls. The rate of steroid use was significantly higher in the diabetes (77.8%) than in con-
trol (28.35) group because patients with diabetes often have pneumonia and are treated with
steroid (OR 8.86, 95% CI 8.03-9.77, p<0.001). The continuous hemodiafiltration (CHDF)
and hemodialysis (HD) were introduced at a high rate in the diabetes group, indicating that
they had potentially severe circulation dynamics, renal, and heart failures (CHDF: OR 14.05,

95% CI 8.49-23.26, p<0.001; HD: OR 3.91, 95% CI 2.85-5.36, p <0.001). Because patients
with severe symptoms of COVID-19 were treated with mechanical ventilation in ICU, the
usage of mechanical ventilation and ICU were more common for patients with diabetes
(mechanical ventilation: OR 13.35, 95% CI 10.93-16.30, p <0.001; ICU: OR 7.07, 95% CI
6.00-8.33, p<0.001) (Table 2).
Patients with diabetes were hospitalized for longer periods of time. The mean length of
hospital stay was 17.8 days (10.2 days in the control group), and the in-hospital mortality
rate was high at 12.9% (3.5% in the control group (OR, 4.05; p<0.001). Additionally, the
terms in hospitals until mortality were longer. The mean number of days of hospitaliza-
tion until mortality in the diabetes group was 19.4 days (13.4 days in the control group)

(Table 2).

The number of patients varied over time. The first case of COVID-19 was confirmed in
Japan on 15th January, 2020. Thereafter, the number of affected patients has increased. From
7™ April to 25" May, 2020, the government issued its first emergency declaration, and the
activities were restrained. The number of patients increased in the latter half of 2020. The

Table 1. Clinical characteristics of controls and patients with diabetes. Abbreviations: BMI=body mass index, OHA=Oral hypoglycemic agents.

Total (n=10776) Controls (n=7679) Patients with diabetes (n=3097) p-value Odds ratio 95% confidence interval
Age (years), mean 59.0 55.7 67.1 <0.001
(SD) (20.1) (21.1) (14.5)
Male, n 6325 4214 2111 <0.001 1.75 1.60-1.91
(%) (58.7) (54.9) (68.2)
BMI (kg/mz), 24.2 23.6 25.6 <0.001
mean (5.1) (4.9) (5.4)
(SD)
Ambulance, n 2963 1702 1261 <0.001 241 2.21-2.63
(%) (27.5) (22.2) (40.7)
OHA, n 1370 0 1370
(%) (12.7) (0.0) (44.2)
Insulin therapy, n 2739 0 2739
(%) (25.4) (0.0) (88.4)

https://doi.org/10.1371/journal.pone.0319801.t001
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Table 2. Clinical information of inpatient care for controls and patients with diabetes. Abbreviations: CHDF=continuous hemodiafiltration, ICU=intensive care
unit.

Total (n=10776) Controls (n=7679) Patients with diabetes (n=3097) p-value Odds ratio 95% confidence interval
Steroid, n 4585 2176 2409 <0.001 8.86 8.03-9.77
(%) (42.6) (28.3) (77.8)
CHDE n 117 18 99 <0.001 14.05 8.49-23.26
(%) (1.1) (0.2) (3.2)
Hemodyalysis, n 165 65 100 <0.001 391 2.85-5.36
(%) (1.5) (0.8) (3.2)
Mechanical ventilation, n | 676 123 553 <0.001 13.35 10.93-16.30
(%) (6.3) (7.8) (17.9)
ICU,n 742 216 526 <0.001 7.07 6.00-8.33
(%) (6.9) (2.8) (17.0)
Days in hospitals, mean 124 10.2 17.8 <0.001
(SD) (11.4) (8.5) (15.3)
In-hospital mortality, n 671 271 400 <0.001 4.05 3.45-4.78
(%) (6.3) (3.5) (12.9)
Days in hospitals until 17.0 134 19.4 <0.001
mortality, mean (14.6) (11.5) (15.9)
(SD)

https://doi.org/10.1371/journal.pone.0319801.t1002

number of patients decreased due to the issuance of a second emergency declaration from 8%
January to 21* March in2021 (Fig 2A).

Vaccination began from 17 February, 2021 starting with healthcare workers and older
adults. Subsequently, the number of infected patients aged > 70 years has decreased. A third
state of emergency was declared from 25" April to 20" June, 2021. The fourth emergency
declaration was from 12" July to 30" September, 2021 (Fig 2B).

2000 -
A 5 O control
£
§ 1000 4 W Patients with diabetes
23 45 6 7 8 910111212 3 45 6 7 8 91011
2020 2021
B 100 +
S 018-39
£ 301 m40-69
0 070- years old
345 6 7 89101112 1 23 45 6 7 8 910
S 2020 2021
< 40
C 2 A -@-control
é\ 20 ‘x\ A - N -& Patients with diabetes
N A- -k ~ A AL
g A -a- & - A & A _A
=S 8-

34 5 6 7 8 9101112 1. 23 4 5 6 7 8 9
2020 2021

Fig 2. Overview of control group and patients with diabetes in each month. A) Monthly movement of number of
patients of each group B) Monthly rate of patient age. The graph shows each group aged between 18 and 39 years; 40
and 69 years; and over 70 years C) Monthly mortality in the control group and patients with diabetes.

https://doi.org/10.1371/journal.pone.0319801.9g002
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Mortality remained higher in the diabetes group than in the control group. Mortality was
relatively high among patients with diabetes from March to June 2020, during the early stages
of the COVID-19 pandemic. With an increase in the number of hospitalized patients, there
was an increasing trend in mortality from October to December 2020. Thereafter, mortal-
ity declined as the number of hospitalizations decreased and vaccines became more widely
available in 2021. After December 2021, omicron strains, which were reported to have a lower
mortality rate, became predominant, and the data were excluded from the analysis (Fig 2C).

We conducted a binary logistic regression analysis to evaluate the contribution of various
factors to mortality of COVID-19. The analysis included age, BMI, sex (male), diabetes, and
ambulance use as response variables. Among these, diabetes emerged as the most significant
predictor of mortality (OR 2.67, p value <0.01) (S2 Table).

Subgroup analyses of the age were performed to determine the correlation between diabe-
tes and mortality. We observed an increase in diabetes prevalence with age, peaking between
70 and 79 years old. The prevalence of diabetes was higher in male patients than in female (Fig
3A). The OR was high in patients aged > 40 years. In particular, the peak OR was 12.8 (95%CI
3.71-44.1, p<0.01) in ages between 50 and 59 years, indicating that diabetes was a strong risk
factor for COVID-19 mortality in the middle-aged generation (Fig 3B and 3C).

Regression analysis was performed to test the effect of diabetes on the outcomes. The ORs
with diabetes for in-hospital mortality, mechanical ventilation, ICU, HD, and CHDF were sig-
nificantly higher compared to the control group in unadjusted analysis (in-hospital mortality:
OR 4.05, 95%CI 3.45-4.76; mechanical ventilation: OR 13.35, 95%CI 10.93-16.32; ICU:7.07,
95%CI 6.00-8.33; HD: OR 3.91 95%CI 2.85-5.36; and CHDF: OR 14.06, 95%CI 8.49-23.27).
Because there were significant differences in age, sex, BMI, and ambulance use between the

A?60 T B 60 T
> -e—total ~
5 -A-male r,x‘\ S S -e—control
240 1 —=female .-~ £ 40 1 -A-diabetes group A
a = )
3 20 - £ 20
2 = -
a9 . . . . . . - 0 L —#====4-—"" T T —
18-39 40-49 50-59 60-69 70-79 80-89 90- Ages 18-39 40-49 50-59 60-69 70-79 80-89  90- Ages
ears old (years old)
C Alive Mortal G )
Age control diabetes control diabetes
(y.0.)
90- 370 130 80 50 ——i
80-89 848 542 107 141 o
70-79 1083 890 53 131 —e—i
60-69 1005 620 22 57 —e—i
50-59 1272 530 3 16 ——————
40-49 1092 266 3 4 —
18-39 2009 119 3 1 .
0.1 1 10 100 Odds Ratio

Fig 3. Subgroup analyses of the age in diabetes prevalence and mortality. A) Diabetes prevalence classified according to age and sex. B) Mor-
tality rate of control and patients with diabetes in each generation. C) Odds ratio of in-hospital mortality for patients with diabetes compared to

controls at each generation.

https://doi.org/10.1371/journal.pone.0319801.9g003
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control and diabetes groups, adjustment model of multiple regression analysis was conducted.
As we conducted multiple regression analysis using adjustment with age, sex, BMI, ambu-
lance, the ORs for all outcomes remained significant, proving that diabetes contributed as an
independent factor of outcomes (in-hospital mortality: OR 2.67, 95%CI 2.17-3.28; mechanical
ventilation: OR 8.31, 95%CI 6.61-10.45; ICU:4.19, 95%CI 3.46-5.08, HD: OR 3.95 95%CI
2.69-5.79; and CHDEF: OR 10.40, 95%CI 5.70-18.99) (Fig 4). All those findings indicated that
diabetes was a significant risk factor of the severe clinical outcomes especially for in-hospital
mortality, mechanical ventilation use, ICU admission, renal replacement therapies such as
HD, and CHDE

Discussion

In this study, we analyzed the effects of COVID-19 on patients with and without diabetes

in Japan using real-world data. Diabetes was a significant factor in in-hospital mortality,
mechanical ventilation, ICU stay, HD, and CHDFE, even after adjusting for age, sex, BMI, and
ambulance use, indicating that diabetes is associated with a worse prognosis for COVID-19.
In addition, the mortality rate was higher in the diabetes group, especially among those aged
18-79 years, than in the control group, indicating that the presence of diabetes increases risk
in the younger generation.

Previous studies have heavily implicated diabetes and COVID-19 mortality rates [12,13].
Our data show a similar trend. Additionally, we analyzed treatment data and found that
diabetes itself was an independent risk factor for mortality, mechanical ventilation, ICU stay,
HD, and CHDE, even after adjusting for age, sex, BMI, and ambulance use.

The strength of our study is that we used real-world data and based on actual treatments
administered during hospitalization. We believe that it is particularly important to compre-
hensively analyze mortality rates and interventions that require diabetes treatment, classified

1 0,
In-hospital Mortality Odds ratio 93%Cl

unadjusted 4.05 [3.45,4.76] -
adjusted 2.67 [2.17,3.28] L gl
Respirator
unadjusted 13.35 [10.93,16.32] ——
adjusted 8.31 [6.61,10.45] ——
ICU
unadjusted 7.07 [6.00, 8.33] ——
adjusted 4.19 [3.46,5.08] o
HD
unadjusted 391 [2.85,5.36] ——
adjusted 3.95 [2.69,5.79] ——
CHDF
unadjusted 14.06 [8.49,23.27] g
adjusted 10.40 [5.70,18.99] .= .
1 10 20 Odds Ratio

Fig 4. Forest plot of multiple regression analysis for in-hospital mortality, mechanical ventilation, ICU, HD, and
CHDF. Regression analysis was performed to test the effect of diabetes on the outcomes. The ORs with diabetes for in-
hospital mortality, mechanical ventilation, ICU, HD, and CHDF were significantly higher compared to the control group
in unadjusted analysis. Multiple regression model with adjustment of age, sex, BMI, and ambulance use was used for each
outcome.

https://doi.org/10.1371/journal.pone.0319801.9g004
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into age group. The results of this study revealed that the risk of mortality was significantly
higher in the group that required diabetes treatment.

It is believed that COVID-19 infects not only the lungs but also kidneys and pancreatic
beta cells, causing inflammation [14,15]. The viral infection depends on the expression of
angiotensin-converting enzyme 2 (ACE2) and TMPRSS-2 transmembrane protease, which
are the main cellular factors involved in viral entry. ACE2 is expressed in the lungs, and the
virus infects the lungs and causes ARDS [16]. COVID-19 stimulates strong immune response,
resulting in a cytokine storm. It is possible that patients with diabetes are unable to suppress
inflammation and that the virus enters the organs via those proteins, further exacerbating the
inflammation and hyperglycemia [15,17].

In this study, diabetes was a significant factor in in-hospital mortality, mechanical ventila-
tion, ICU stay, HD, and CHDE AKI associated with COVID-19 is mainly caused by proximal
tubular dysfunction. ACE2 expression is abundant in the proximal tubules of the kidney, and
it is believed that SARS-CoV-2 infects these cells, causing damage [18,19]. AKI complications
were reported in 36.6% of patients admitted with COVID-19 [20]. The combination of renal
and respiratory failure is thought to have led to the use of mechanical ventilation, continuous
hemodialysis (CHDF), and hemodialysis (HD) to support critically ill patients in the ICU.

SARS-CoV-2 infects pancreatic beta cells and reduces their function. In this study, the
diabetes group was defined as patients receiving diabetes care during hospitalization. It is
assumed that diabetes treatment was performed because of elevated blood glucose levels. This
indicates that the virus may have infected pancreatic beta cells, potentially leading to a signifi-
cant impact on blood glucose levels [21-23].

Japanese individuals are characterized by lower insulin secretion than Westerners. Asians,
including the Japanese, often develop type 2 diabetes, even if their obesity is relatively modest
compared to Westerners [24,25]. Due to the government’s emergency declaration, activities were
restricted. The following factors were noted among those who gained weight after the spread of
COVID-19: shortened sleeping hours during long periods of time indoors, increased snacking
after dinner, lack of exercise, overeating due to stress, and loss of motivation to restrict eating,
suggesting the importance of daily lifestyle habits [26]. As obese individuals with high insulin
resistance may easily become hyperglycemic due to infection, it is necessary to raise awareness of
the importance of proper weight control in preventing the spread of infection.

This study had some limitations. Our data provide information on diagnoses and treat-
ments during hospitalization but not prior to hospitalization. Additionally, our data did not
include information on blood examinations, vital signs, laboratory parameters, radiographic
data including PaO2/FiO2 ratio and severity classification of COVID-19. We also could not
obtain information on vaccination histories. However, we believe that our study sheds light on
the clinical characteristics of COVID-19 and diabetes for improved medication in the future.

In conclusion, diabetes was an independent risk factor for in-hospital mortality, mechan-
ical ventilation, ICU stay, HD, and CHDE even after adjusting for age, sex, BMI, and ambu-
lance use. The mortality rate was higher in the diabetes group, especially among those aged
18-79 years, than in the control group. Diabetes has been confirmed as a risk factor for clini-
cal severity and in-hospital mortality with COVID-19.

Supporting information

S1 Table. Content of hypoglycemic agents for patients with diabetes. Abbreviations:
DPP-4 =dipeptidyl peptidase 4, SGLT2 = sodium glucose co-transporter 2, AGI=Alpha-
glucosidase inhibitor.

(DOCX)
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$2 Table. Multiple regression analysis of mortality adjusted with each factor, diabetes, age,
sex (male), BMI, and ambulance. Abbreviation: BMI=Body mass index.
(DOCX)

S1 File. Spreadsheet of hypoglycemic agents with generic names for patients with diabetes.
(CSV)
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