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Background: The role of angiotensin-converting enzyme inhibitors (ACEi) and angiotensin II receptor blockers
(ARB) in the pandemic context of coronavirus disease 2019 (COVID-19) continues to be debated. Patients with
hypertension, diabetes mellitus, chronic renal failure, cerebro-cardiovascular disease, or chronic obstructive pul-
monary disease (COPD), who often use ACEi/ARB, may be at risk of severe COVID-19. However, there are no data
available on the association of ACEi/ARB use with COVID-19 severity in this population.
Methods: This study is an observational study of patients with a positive severe acute respiratory syndrome co-
ronavirus 2 test and inpatient treatment at a healthcare facility, using the registry information of COVIREGI-JP.
Our primary outcomes were in-hospital death, ventilator support, extracorporeal membrane oxygenation sup-
port, and intensive care unit admission. Out of the 6055 patients, 1921 patients with preexisting hypertension,
diabetes mellitus, chronic renal failure, cerebro-cardiovascular disease, or COPD were enrolled.
Results: Factors associated with an increased risk of the primary outcomes were aging, male sex, COPD, severe
renal impairment, and diabetes mellitus. No correlations were observed with ACEi/ARB, cerebro-cardiovascular
diseases, or hypertension. Associated factors in male patients were aging, renal impairment, hypertension, and
diabetes. In female patients, factors associated with an increased risk were aging, ACEi/ARB, renal impairment,
and diabetes, whereas hypertension was associated with a lower risk of the primary outcomes.
Conclusions: Independent factors for the primary outcomeswere aging,male sex, COPD, severe renal impairment,
and diabetes, but not ACEi/ARB. Based on this registry data analysis, more detailed data collection and analysis is
needed with the cooperation of multiple healthcare facilities.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection, is mediated by
angiotensin-converting enzyme 2 (ACE2) in host cells [1]. Since ACE in-
hibitors (ACEi) and angiotensin II receptor blockers (ARB) up-regulate
the expression of ACE2 [2–4], theymay increase the risk of and aggravate
COVID-19. However, since ACE2 converts angiotensin II (1–8) to angio-
tensin (1–7) and exerts vasodilatory, fibrosis inhibitory, and anti-
inflammatory effects via the Mas receptor, increases in the expression of
d.
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ACE2 due to ACEi/ARB may suppress the aggravation of pneumonia [5].
Furthermore, the cytokine storm [5–7] and the promotion of thrombosis
through endothelial damage and the cytokine storm [8–11] may worsen
COVID-19, and angiotensin II may enhance these effects via the AT1 re-
ceptor. Therefore, ACEi/ARB may suppress not only the cytokine storm
[5], but also thrombus formation [12] by inhibiting the cytokine storm.

Previous studies reported relationships between ACEi/ARB and
SARS-CoV-2 infection and COVID-19 aggravation; however, contradic-
tory findings were obtained from a meta-analysis of these studies. One
study reported that ARB prevented the aggravation of COVID-19 [13],
whereas another showed that neither ACEi nor ARB played a role in
SARS-CoV-2 infection or COVID-19 severity [14], and findings also
widely varied in race- and region-dependent manners [15,16]. These
studies were conducted in the USA, China, and Europe, and only limited
information is currently available from Japan [17]. ACEi/ARB have been
reported to not only improve the prognosis of patients with hyperten-
sion, heart failure, and myocardial infarction, but also exert urinary
protein-reducing effects in patients with diabetes and chronic kidney
disease [18,19], exert pneumonia risk-suppressive effect in chronic
obstructive pulmonary disease (COPD) patients [20,21], and exert
stroke-suppressive effects in hypertension/diabetic patients [22].
Therefore, subjects in the present study were hospitalized COVID-19
patients with hypertension, diabetes mellitus, chronic renal failure,
cerebral and cardiovascular disease, or COPD as the underlying disease.
Therefore, we herein conducted the present study using COVIREGI-JP,
the COVID-19 registry Japan. Data from patients with hypertension, di-
abetes, severe renal impairment, cerebral and cardiovascular disease,
and COPD as comorbidities before the onset of infectionwere extracted,
and the involvement of ACEi/ARB was examined with combined pri-
mary outcomes consisting of in-hospital death, ventilator support,
Table 1
Clinical characteristics.

Total

1921
Age, years 68.5 ± 15.0
Male 1252 (65.2%)
BMI, kg/m2 24.7 ± 5.3
History of CCVD 560 (29.2%)
COPD 129 (6.7%)
Severe renal impairment 72 (3.7%)
DM without three major complications 735 (38.3%)
DM with three major complications 130 (6.8%)
Hypertension 1095 (57.0%)
Respiratory rate, /min 20.1 ± 8.6
Heart rate, /min 87.2 ± 16.9
Systolic blood pressure, mmHg 132.3 ± 22.5
Diastolic blood pressure, mmHg 78.5 ± 15.5
ACEi 76 (4.2%)
ARB 521 (29.0%)
White blood cell, 103/μl 5.5 (4.3–7.3)
Neutrophils, % 72.0 (63.0–81.0)
Lymphocytes, % 19.0 (12.1–26.4)
Hemoglobin, g/dl 13.6 (12.1–15.0)
Platelets, 103/μl 169.0 (113.0–229.0)
Albumin, g/dl 3.5 (3.0–3.9)
Aspartate aminotransferase, U/l 33.0 (23.0–50.0)
Alanine aminotransferase, U/l 26.0 (17.0–43.0)
Lactate dehydrogenase, U/l 265.0 (212.0–365.0)
Creatine phosphokinase, U/l 84.0 (50.0–151.0)
C-reactive protein, mg/dl 4.0 (1.1–9.4)
Blood glucose, mg/dl 126.0 (106.0–169.5)
Blood urea nitrogen, mg/dl 16.0 (12.0–22.0)
Creatinine, mg/dl 0.8 (0.7–1.1)
Sodium, mEq/l 138.0 (135.0–140.0)
Potassium, mEq/l 4.0 (3.7–4.3)

Data are the mean ± SD, n (%), or a median (IQR).
Definition: severe renal impairment was defined as a serum creatinine level ≥ 3 mg/dl, renal r
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor bloc
structive pulmonary disease; Cre, creatinine; DM, diabetes mellitus; SD, standard deviation; IQ
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extracorporeal membrane oxygenation support, and intensive care
unit (ICU) admission.

Methods

Study design and patients

This was an observational study. Healthcare facilities that voluntarily
participated in COVIREGI-JP enrolled patients as previously described
[23]. Inclusion criteria for COVIREGI-JP enrollment were as follows: (1) a
positive SARS-CoV-2 test and (2) inpatient treatment at a healthcare facil-
ity. Study datawere collected andmanaged using REDCap (Research Elec-
tronicData Capture), a secure,Web-baseddata-capture applicationhosted
at the JCRAC (Joint Center for Researchers, Associates and Clinicians) Data
Center of the National Center for Global Health and Medicine [24].

Data set

We included patients enrolled in COVIREGI-JP hospitalized between
January 26, 2020 and October 31, 2020 (Soft Frozen data are as of No-
vember 2, 2020) in the analysis. Patients with apparent input errors
and unknown outcomes were excluded from the analysis.

Outcomes

Our primary combined primary outcomes consisted of in-hospital
death, ventilator support, extracorporeal membrane oxygenation support,
and ICU admission. Secondary outcomeswere oxygen administration, dis-
turbed consciousness, lower blood pressure (systolic blood pressure
< 90 mmHg), diagnosis of pneumonia by computed tomography.
ACEi/ARB Non-ACEi/ARB P

588 1333
69.3 ± 12.9 68.2 ± 15.9 0.123
373 (63.4%) 879 (65.9%) 0.288
25.4 ± 5.4 24.3 ± 5.1 <0.001
168 (28.6%) 392 (29.4%) 0.710
27 (4.6%) 102 (7.7%) 0.014
18 (3.1%) 54 (4.1%) 0.293
182 (31.0%) 553 (41.5%) <0.001
44 (7.5%) 86 (6.5%) 0.407
488 (83.0%) 607 (45.5%) <0.001
20.6 ± 9.8 19.8 ± 8.1 0.110
86.1 ± 16.2 87.7 ± 17.2 0.055
132.3 ± 23.1 132.3 ± 22.2 0.999
77.8 ± 15.8 78.9 ± 15.3 0.161
76 (12.9%) 0 <0.001
521 (88.3%) 0 <0.001
5.5 (4.2–7.5) 5.5 (4.3–7.3) 0.960
72.7 (63.0–80.5) 71.9 (62.8–81.1) 0.853
19.0 (12.4–25.8) 19.0 (12.0–26.9) 0.706
13.5 (12.1–14.7) 13.7 (12.2–15.1) 0.074
175.5 (119.0–227.0) 166.0 (111.0–229.0) 0.732
3.5 (3.0–3.9) 3.5 (3.0–3.9) 0.772
34.0 (23.0–50.0) 33.0 (23.0–51.0) 0.560
26.0 (17.0–41.0) 26.0 (17.0–44.0) 0.610
267.0 (215.0–363.0) 264.0 (211.0–365.0) 0.819
93.0 (53.0–165.5) 81.0 (49.0–142.0) 0.007
4.3 (1.1–9.1) 3.9 (1.1–9.5) 0.690
125.0 (105.0–167.0) 126.0 (106.0–170.0) 0.510
16.4 (12.3–22.6) 15.5 (12.0–21.8) 0.075
0.9 (0.7–1.1) 0.8 (0.7–1.0) 0.004
138.0 (135.0–140.0) 138.0 (135.0–140.0) 0.496
4.0 (3.6–4.3) 4.0 (3.7–4.3) 0.228

eplacement therapy, or renal transplantation.
ker; BMI, bodymass index; CCVD, cerebral and cardiovascular diseases; COPD, chronic ob-
R, interquartile range.



Patients diagnosed with COVID-19 from January 26, 2020 

to October 31, 2020 (n=6,055)

Patients with preexisting cerebral and cardiovascular disease, 

chronic obstructive pulmonary disease, severe renal 

impairment, hypertension, diabetes mellitus (n=1,921)

ACEi/ARB

(n=588)

Non-ACEi/ARB

(n=1,333)

Fig. 1. Flowchart for the selection of study subjects.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker;
COVID-19, coronavirus disease 2019.
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Statistical analysis

In the analysis of patient backgrounds, values are presented as the
mean ± standard deviation (SD) for continuous variables, the total
number or a percentage for dichotomous variables, and the median
and interquartile range (IQR) for laboratory values. Comparisons of dif-
ferences amonggroupswere performedby theunpaired Student's t-test
or Mann-Whitney U test for continuous variables and the chi-squared
test for dichotomous variables where appropriate. We constructed a
nonlinear mixed-effects univariate/multivariable logistic regression
model using institutions as a random intercept to assess the relationship
between the administration of ACEi/ARB and COVID-19 infection out-
comes. Adjusted factors were as follows: history of cerebral and cardio-
vascular disease, COPD, severe renal impairment, hypertension,
diabetes, age, and sex. We also conducted a sub-analysis of sex and
Fig. 2. Adjusted odd ratios with 95% confidence intervals (CI) for the primary outcome.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCVD
HT, hypertension; DM, diabetes mellitus.
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the secondary outcomes. A p-value of less than 0.05 indicated a signifi-
cant difference. Statistical analyses were performed with SAS version
9.4 (SAS Institute, Cary, NC, USA).

Ethics

The present study was approved by the National Center for Global
Health and Medicine (NCGM) ethics review (NCGM-G-003494-0).
All procedures performed in studies were in accordance with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Results

Table 1 shows the baseline characteristics of 1921 enrolled patients
with preexisting cerebral and cardiovascular diseases, COPD, severe
renal impairment defined as serum creatinine ≥3 mg/dl, renal replace-
ment therapy, or renal transplantation, hypertension, and diabetes
mellitus out of the 6055 patients diagnosed with COVID-19 (Fig. 1).
The average age of patients was 68.5 years, males accounted for 65.2%,
and body mass index (BMI) averaged 24.7. Regarding comorbidities at
admission, 29.2% of patients had cerebral and cardiovascular diseases,
6.7% COPD, 3.7% severe renal impairment, 45.0% diabetes, and 57.0% hy-
pertension. Among all patients, 4.2% were taking ACEi at admission and
29.0% ARB.

The average respiratory rate at admission was 20/min, pulse rate 87/
min, average systolic blood pressure 132mmHg, and diastolic blood pres-
sure 79 mmHg. The median leukocyte count at admission was 5500/μl,
hemoglobin 13.6 g/dl, platelet count 169,000/μl, albumin 3.5 g/dl, aspar-
tate aminotransferase 33.0 U/l, alanine aminotransferase 26.0 U/l,
lactate dehydrogenase 265.0 U/l, creatine phosphokinase 84.0 U/l,
C-reactive protein 4.0 mg/dl, blood glucose 126.0 mg/dl, blood urea
nitrogen 16.0 mg/dl, creatinine 0.8 mg/dl, sodium 138.0 mEq/l, and
potassium 4.0 mEq/l.
, cerebral and cardiovascular diseases; COPD, chronic pulmonary obstructive disease;

Image of Fig. 1
Image of Fig. 2


Table 2
Secondary outcomes.

Univariate Multivariable

Oxygen administration OR (95%CI) p OR (95%CI) p

ACEi/ARB 2.14 (1.66,2.75) <0.001 1.23 (0.91,1.67) 0.184

Disturbed consciousness
ACEi/ARB 2.34 (1.73,3.13) <0.001 1.30 (0.96,1.77) 0.093

Lower blood pressure
ACEi/ARB 0.77 (0.63,0.95) 0.014 1.02 (0.80,1.31) 0.862

Pneumonia on CT
ACEi/ARB 1.61 (1.36,1.91) <0.001 1.00 (0.81,1.23) 0.975

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II recep-
tor blocker; CT, computed tomograph.

F. Yoshihara, H. Ohtsu, M. Nakai et al. Journal of Cardiology 80 (2022) 292–297
In comparisons with patients not receiving ACEi/ARB, those admin-
istered ACEi/ARB had a higher BMI, less frequent complications of
COPD and uncomplicated diabetes, a higher incidence of hypertension,
and higher creatine phosphokinase and creatinine levels. There were
no significant differences between two groups regarding C-reactive pro-
tein and white blood cell count as markers of inflammation.

Factors associated with an increased risk of the primary outcomes
were aging, male sex, COPD, severe renal impairment, and diabetes
mellitus. No correlations were observed with the administration of
ACEi/ARB, cerebral and cardiovascular diseases, or hypertension (Fig. 2).

In a stratified analysis by sex, factors associated with an increased
risk of the primary outcomes in male patients were aging, severe renal
impairment, hypertension, and diabetes (Fig. 2). No correlations were
observed with the administration of ACEi/ARB, cerebral and cardiovas-
cular diseases, or COPD (Fig. 2).

In female patients, factors associated with an increased risk of the
primary outcomes were aging, the administration of ACEi/ARB, severe
renal impairment, and diabetes (Fig. 2). No correlations were observed
with cerebral and cardiovascular diseases or COPD, whereas hyperten-
sion was associated with a lower risk of the primary outcomes (Fig. 2).

Regarding secondary outcomes, the administration of ACEi/ARB did
not correlate with hypoxemia requiring oxygen administration, disturbed
consciousness, decreased blood pressure, or pneumonia (Table 2). Among
the patient conditions at the time of discharge, there was information on
the presence of tracheostomy and the presence of oxygen administration.
Multivariable analysis revealed that taking ACEi/ARBwas not an indepen-
dent related factor for tracheostomy (OR 1.56, 95% CI 0.66–3.71, p=0.31)
and oxygen administration (OR 0.88, 95% CI 0.67–1.15, p= 0.33).

Discussion

Independent factors for the primary outcomes were aging, male sex,
COPD, severe renal impairment, and diabetes, but not the administra-
tion of ACEi/ARB. In the stratified analysis by sex, related factors in
male patients were aging, severe renal impairment, hypertension, and
diabetes. In female patients, aging, diabetes, and severe renal impair-
ment, similar to male patients, as well as the administration of ACEi/
ARB were positively associated with the primary outcomes, whereas
hypertension was negatively associated with them.

The present study was conducted using data from COVIREGI-JP, a
registry of SARS-CoV-2 infection in Japan. Subjects in the present
study were hospitalized COVID-19 patients with hypertension, diabetes
mellitus, chronic renal failure, cerebral and cardiovascular diseases, or
COPD as the underlying disease. Multimorbidity is usually associated
with the use of multiple medicines (polypharmacy). A marked differ-
ence between the present study and previous studies conducted in
other countries is that ARB was selected for treatment more frequently
than ACEi. ACE1 II genotype frequency is high in Japan, and the high fre-
quency of coughing associated with the administration of ACEi is con-
sidered to be one of the reasons why ARB is more frequently
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prescribed than ACEi in Japan [25]. Since the frequency of ARB adminis-
tration was higher than that of ACEi, a multivariable analysis was per-
formed using ARB alone as an independent variable instead of ACEi/
ARB. ARB was not an independent related factor for primary outcome
[ARB: OR (95% CI) 1.08 (0.89,1.31), p = 0.460] as similar as the result
of ACEi/ARB use.

In themultivariate analysis, the factors associated with an increased
risk of the primary outcomes were aging, male sex, COPD, severe renal
impairment, and diabetes. A previous study on 19,486 COVID-19 pa-
tients in the UK reported that chronic kidney disease, diabetes, aging,
and male sex were associated with an increased risk of ICU admission
[26], which is consistent with the present results, except for COPD.
COPDwas associatedwith a risk of aggravation in ameta-analysis focus-
ing on the involvement of chronic respiratory disease in the aggravation
of COVID-19patients [27]. Therefore, it is necessary to examinewhether
COPD is one of the priority diseases from the viewpoint of prevention by
vaccination and treatment as a high-risk for exacerbation group.

The multivariate analysis also revealed that ACEi/ARB did not corre-
late with the primary outcome in the present study. Since the spread of
the novel coronavirus infection in China in 2019, a number of issues
have been reported regarding the relationship between the renin-
angiotensin (RA) system in the living body and COVID-19 [1–6]. ACE2
has been shown to play an important role as a receptor in SARS-CoV-2
infection [1], and the administration of ACEi/ARB up-regulated the ex-
pression of ACE2 in various pathological animal models [2–4]. The ad-
ministration of ACEi/ARB may increase the risk of infection. However,
ACE2 cleaves Ang I into the inactivating peptide Ang (1–9) and Ang II
into Ang (1–7), which exerts vasodilatory [28] and anti-inflammatory
effects [29] by binding to the Mas receptor. Therefore, the up-
regulated expression of ACE2 alternativelymay contribute to protecting
against the cardiovascular complications associated with COVID-19.
Furthermore, SARS-CoV-2 infection down-regulated the expression of
ACE2, resulting in an elevated plasma Ang II level through the suppres-
sion of Ang II metabolism, and a disintegrin and metalloprotease do-
main 17 (ADAM17) was activated through the increased binding of
Ang II to AT1R receptors [6]. Activated ADAM17 promotes endothelial
dysfunction by producing tumor necrosis factor-alpha/interleukin-6,
which may result in acute respiratory distress syndrome (ARDS) [6].
One of the mechanisms contributing to severe pneumonia and respira-
tory failure in COVID-19 patients is the induction of ARDS by the so-
called cytokine storm. However, ACEi/ARB have also been suggested
to reduce the risk of aggravation by the cytokine storm.

Based on previous findings on the pathophysiological significance of
ACEi/ARB, the relationship between the administration of ACEi/ARB and
the risk of SARS-CoV-2 infection and COVID-19 aggravation has been
the focus of research. The findings of a meta-analysis of these studies
were contradictory; ARB was shown to prevent the aggravation of
COVID-19 [13], whereas neither ACEi nor ARB was associated with the
risk of infection or its aggravation [14]. Furthermore, race- and region-
dependent differences were observed [15,16]. The subjects in the pres-
ent study were patients with polymerase chain reaction-confirmed
COVID-19; therefore, although the involvement of ACEi/ARB in the
risk of infection currently remains unknown, their administration was
not associated with the risk of progression to the primary outcomes.

A previous study reported that the risk of COVID-19 aggravation it-
self varies by race and region, and the involvement of the DD, ID, or II
gene polymorphisms in ACE1 may one of the reasons for this disparity
[30]. ACE1 II genotype frequency is higher in Asians, including
Japanese, than in Europeans and Middle Eastern individuals, and the
ACE1 II genotype has been associated with a lower risk of COVID-19 ag-
gravation [30]. A gene polymorphism in ACE2 has also been suggested
to contribute to the binding of ACE2 and SARS-CoV-2 [31], and possibly
the risk of infection,which has not yet been confirmed. Although the de-
tailedmechanismof the host response to SARS-CoV-2 is still insufficient,
the immune system for viral invasion can be broadly divided into the in-
nate immune response and the adaptive immune response. Innate
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immunity not only induces an inflammatory response and the produc-
tion of interferon, but also has a role of initiating an adaptive immune
response by antibodies and cytotoxic T lymphocytes for each specific
virus [32]. Cytotoxic T lymphocytes recognize the viral epitope pre-
sented on human leukocyte antigen (HLA) on virus-infected cells and
suppress virus infection by destroying the virus-infected cells. This
HLA has a variety of alleles, and the frequency distribution of alleles dif-
fers depending on the region, ethnicity, and race. Using the SARS-Cov-2
peptide that can activate cytotoxic T lymphocytes as a probe, the rela-
tionship between epitope presentation by SARS-CoV-2 infection and ac-
tivated T lymphocytes has been evaluated. South Asians frequently
recognize CD8-specific epitopes, Europeans frequently recognize CD4-
specific epitopes, and East Asians, Africans, and Oceanians have low
ability to recognize both CD4/CD8 epitopes [32]. Although these find-
ings do not directly prove the association with the onset and aggrava-
tion of COVID-19, they are considered to be one of the footholds for
COVID-19 treatment including vaccine development.

Male sex was identified as an independent high-risk factor for the
primary outcome, which is consistent with previous findings. However,
the stratified analysis by sex revealed that the administration of ACEi/
ARB was one of the independent high-risk factors for the primary out-
come in an analysis of female patients only. A previous study investi-
gated sex differences in the effects of ACEi/ARB, and found no
significant differences [33]. The reason why the administration of
ACEi/ARB was identified as a high-risk factor for the primary outcomes
in female patients in the present study remains unclear. The univariate
analysis showed that the administration of ACEi/ARB was a high-risk
factor for the primary outcomes regardless of sex (male: OR 1.76, 95%
CI 1.42–2.19, p < 0.001; female: OR 2.42 95%CI 1.77–3.31, p < 0.001);
therefore, interactions between variables may have influenced the re-
sults of the multivariate analysis. A more detailed examination of a
wide range of information, including comorbidities and drug exposure,
is required in the future.

In addition to examining interactions between variables, sex differ-
ences in the immune response of COVID-19 patients need to be consid-
ered. A previous study demonstrated that the T-cell response of female
patients was stronger and more persistent than that of male patients,
and also that the weaker T-cell response in male patients correlated
with a poor outcome [34]. Patients with COVID-19 had higher levels of
innate immune cytokines and chemokines than healthy controls. In fe-
male patients, high levels of innate immune cytokines resulted in poor
responsiveness to SARS-CoV-2 infection [34]. Although these findings
suggest important differences in the baseline immune capacity between
male and female patients in the early stages of SARS-COV-2 infection,
the contribution of ACEi/ARB to the immune system has not yet been
clarified.

ACE2 is amolecule that plays an important role in COVID-19 and the
regulation of the RA system; however, since the ACE2 gene is on the X
chromosome [35], sex differences may exist through the regulation of
ACE2 expression. ACE2, which activates the Ang (1–7)/Mas receptor
axis, plays a role in suppressing the activation of the RA system through
theAng II/AT1 receptor axis. Asianwomenhave amarkedly higher basal
level of ACE2 than other ethnic groups [35]. In addition, a negative cor-
relation was reported between the quantitative expression of ACE2 and
severity of COVID-19 [35]. Although an ACE1/ACE2 imbalance is associ-
ated with the aggravation of COVID-19 [36] and ACEi/ARB may correct
this imbalance [37], the present results suggest the opposite correlation
in female patients only. The reason for this currently remains unclear,
and it is important to confirm the reproducibility of this result and elu-
cidate the underlying mechanism in the future.

The stratified analysis by sex revealed a relationship between hyper-
tension and the primary outcomes. It was identified as a low-risk factor
in female patients and a high-risk factor in male patients. In a clinical
study with the aggravation of COVID-19 as an outcome, the hazard
ratio of hypertension significantly changed in a regulator-dependent
manner [38]. That study focused on the strong relationship between
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blood pressure and age, and examined the interaction between these
variables. A strong interaction that hypertension is at high risk up to
age 70 years and low risk beyond age 70 years was clarified, and it
was reported that it may have contributed to the results. However, the
reason for the negative correlation between hypertension andmortality
in the elderly remains unclear. Further studies on a larger number of
cases and wider range of information are needed.

Cerebro-cardiovascular disease was not a related factor for primary
outcome in this study.Many reports have concluded that cardiovascular
disease and stroke are the related factors of COVID-19 prognosis
[38–41], but cardiovascular disease, atrial fibrillation, and coexistence
of heart failure are not associated with ICU admission [26]. When
we evaluated the association with in-hospital death, which is one
of the components of the primary outcome of this study, cerebro-
cardiovascular disease has a significant positive association inmultivar-
iate analysis (OR 1.33, 95% CI 1.03–1.70, p = 0.028), similar to the re-
sults that were previously reported. It is known that the case fatality
rate of COVID-19 varies greatly from 0 to 20% depending on the country
[42]. The case fatality rate in Japan at the time of the data collection is
1.77% (October 31, 2020: 1765 fatalities / 99,959 infected), according
to the public information of the Ministry of Health, Labor and Welfare
(https://covid19.mhlw.go.jp/). Differences in case fatality rate among
countries have been pointed out might be due to differences in the
stage of spread of infection, differences in age and comorbidities, differ-
ences in ICUmanagement, ventilator and extracorporealmembrane ox-
ygenation support indications, and the case fatality rate in Japan is far
from high. Therefore, it is possible that the maintenance and operation
system of ICU, ventilator, extracorporeal membrane oxygenation,
which can affect the prognosis, contribute to the low case fatality rate
in Japan.

Limitations

The present study has several limitations. Although some con-
founders were corrected for, additional risk factors may not have been
controlled. Furthermore, drugs other than ACEi/ARB and continuity of
ACEi/ARB after admission were not examined, the frequency of admin-
istration of ACEiwas low, andneither the type nor dose of ACEi/ARBwas
assessed. Moreover, the risk of infection was not investigated. Third,
very severe renal dysfunction was targeted because the registry defini-
tion of renal dysfunctionwasmore severe than the general definition of
chronic kidney disease. Fourth, since the treatment method for COVID-
19 has not been established and is not unified among institutions, it has
not been examined as a related factor. Fifth, because ventilator support,
extracorporeal membrane oxygenation support, and ICU admission are
determined on a facility-by-facility basis, it cannot be denied that the
differences among facilities may have affected the results. Another lim-
itation is that the severity of comorbidities was not evaluated. Although
the analysis of registry data is extremely important, the lack of several
factors required for analysis needs efforts to collect and analyze more
detailed data by multiple healthcare facilities.

Conclusions

Independent factors for the primary outcomeswere aging, male sex,
COPD, severe renal impairment, and diabetes, but not ACEi/ARB. In fe-
male patients, aging, diabetes, and severe renal impairment, similar to
male patients, as well as ACEi/ARB were positively associated with the
primary outcomes.
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