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Abstract

Background

The pandemic of the coronavirus disease 2019 (COVID-19) has affected health care sys-

tems globally. The aim of our study is to assess the impact of the COVID-19 pandemic on

the number of hospital admissions for ischemic stroke by severity in Japan.

Methods

We analysed administrative (Diagnosis Procedure Combination—DPC) data for cases of

inpatients aged 18 years and older who were diagnosed with ischemic stroke and admitted

during the period April 1 2018 to June 27 2020. Levels of change of the weekly number of

inpatient cases with ischemic stroke diagnosis after the declaration of state of emergency

were assessed using interrupted time-series (ITS) analysis. The numbers of patients with

various characteristics and treatment approaches were compared. We also performed an

ITS analysis for each group (“independent” or “dependent”) divided based on components

of activities of daily living (ADL) and level of consciousness at hospital admission.

Results

A total of 170,294 cases in 567 hospitals were included. The ITS analysis showed a signifi-

cant decrease in the weekly number of ischemic stroke cases hospitalized (estimated

decrease: −156 cases; 95% confidence interval (CI): −209 to −104), which corresponds to

−10.4% (95% CI: −13.6 to −7.1). The proportion of decline in the independent group

(−21.3%; 95% CI: −26.0 to −16.2) was larger than that in the dependent group (−8.6%; 95%

CI: −11.7 to −5.4).
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Conclusions

Our results show a marked reduction in hospital admissions due to ischemic stroke after the

declaration of the state of emergency for the COVID-19 pandemic. The independent cases

were affected more in proportion than dependent cases.

Introduction

The coronavirus disease 2019 (COVID-19), first recognized in Wuhan, China, in early Decem-

ber 2019 [1], spread globally in 2020. In Japan, the daily number of new COVID-19 infections

increased dramatically from late March and April 2020 [2]. In response, the Japanese govern-

ment declared a state of emergency on April 7 2020 for seven prefectures and broadened the

declaration to all 47 prefectures on April 16 2020 [3].

In the world, stroke is the second leading cause of death and a major cause of disability [4].

Ischemic stroke represents about 70% of all strokes in Japan and globally [5, 6]. Treatments for

ischemic stroke, especially intravenous thrombolysis and endovascular intervention, are time-

sensitive and should be initiated as quickly as possible [7]. Therefore, patients with symptoms

suggesting ischemic stroke should be evaluated by medical staff immediately. However, move-

ment restrictions and the fear of COVID-19 transmission in hospitals during the COVID-19

pandemic may have led to hesitation by individuals to seek medical services, resulting in

delayed access and a higher risk of severe illness [8, 9]. Although previous studies have shown

a decline in hospital admissions for stroke during the COVID-19 pandemic [10, 11], not many

studies have focused on finding the characteristics of stroke patients who were impacted by the

COVID-19 pandemic [12]. Therefore, we performed a retrospective cohort study using a

large-scale Japanese database. Our study sought to provide an evaluation of the impact of the

COVID-19 pandemic on the number of hospital admissions for ischemic stroke by severity in

Japan. We also investigated the change of proportion of cases receiving intravenous thrombol-

ysis or endovascular intervention for ischemic stroke during hospitalization.

Methods

Data source

We used Diagnosis Procedure Combination (DPC) data from the database of the DPC

research group, which is funded by the Ministry of Health, Labour and Welfare, Japan. The

DPC/per-diem payment system (PDPS) is a Japanese prospective payment system applied to

acute care hospitals. In 2018, a total of 1,730 hospitals used the DPC/PDPS, accounting for

54% (482,618 out of 891,872) of all the general hospital beds in Japanese hospitals [13, 14]. The

DPC data consists of discharge summaries, which include the International Classification of

Diseases 10th Revision (ICD-10) codes classifying main diagnosis, the trigger diagnosis, the

most and second-most medical-resource-intensive diagnoses, up to 10 comorbidities, and up

to 10 complications during hospitalization [15]. The database also includes the following

patient details: age, sex, body mass index (BMI), medical procedures, daily records of drug

administration, activities of daily living (ADL) according to the components of the Barthel

index at hospital admission and at discharge, discharge destination and level of consciousness

based on the Japan Coma Scale (JCS) at hospital admission and at discharge. In the JCS, code 0

refers to a patient who is alert, while codes 1 to 3 refer to a patient who awake without any
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stimulation, codes 10 to 30 refer to a patient who can be aroused by some stimulation, and

codes 100 to 300 refer a patient who cannot be aroused by any stimulation.

Study population and study subjects

We selected cases in which patients aged 18 years and older were hospitalized due to ischemic

stroke between April 1 2018, and June 27 2020. For evaluation, we included all cases including

hospital inpatients that provided DPC data continuously during the period of the study. Ische-

mic stroke was identified by ICD-10 code I63.x as the diagnosis that caused the hospital admis-

sion. Inpatient cases for which components of the Barthel index at hospital admission were

not recorded were excluded. We defined the severity of ischemic stroke according to ADL and

level of consciousness at hospital admission and divided the study population into two groups,

“independent” or “dependent”. We defined “independent” as inpatient cases for which all

components of the Barthel index at hospital admission were independent and JCS at hospital

admission was “0”. We defined the other cases as “dependent”. The primary outcome was a

change in the level of the weekly number of ischemic stroke hospitalizations before and after

the declaration of first state of emergency in Japan. We hypothesized that the COVID-19 pan-

demic would affect the weekly number of cases after the 106th week of the study period

(between April 5 and April 11 2021), since the Japanese government announced the state of

emergency on this week (April 7 2020) [3]. The secondary outcome was a change in the pro-

portion of cases receiving intravenous thrombolysis or endovascular intervention for ischemic

stroke hospitalizations.

Statistical analysis

Continuous variables (such as age) are expressed as median values with interquartile range

(IQR). Comparisons of the continuous variables for the two groups were performed using the

Mann-Whitney U test. Categorical data (such as sex) were compared using a chi-square test

with Yate’s correction. All statistical analyses were performed with R version 3.6.0 (R Founda-

tion for Statistical Computing, Vienna, Austria). A two-sided p-value < 0.05 was considered

statistically significant, and 95% confidence intervals (CI) were used for the outcomes.

Interrupted time series analysis for change in case numbers

An interrupted time series (ITS) analysis was performed to evaluate the impact of the COVID-

19 pandemic on the weekly number of inpatient cases [16]. The intervention time point was

the 106th week, when the Japanese government announced the state of emergency. The depen-

dent variables were the weekly numbers of inpatient cases for ischemic stroke. The indepen-

dent variables were weekly numbers and dichotomous dummy variables indicating whether

the week was in the pre-intervention or the post-intervention period. Seasonality was consid-

ered by including harmonic terms (sines and cosines) [16]. We also performed an ITS analysis

for each group (“independent” or “dependent”).

Interrupted time series analysis for changes in weekly proportions of cases

receiving intravenous thrombolysis or endovascular intervention

The changes in weekly proportions of cases receiving intravenous thrombolysis or endovascu-

lar intervention were also assessed by the ITS analysis. The dependent variables were the

weekly numbers of inpatient cases for ischemic stroke receiving intravenous thrombolysis or

endovascular intervention. The independent variables were weekly numbers and dichotomous

dummy variable indicating whether the week was in the pre-intervention or the post-
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intervention period. “Ischemic stroke cases in the corresponding week” was handled as an off-

set term. Seasonality was considered by including harmonic terms (sines and cosines). The

validity of the model was assessed by the using the correlograms (autocorrelation and partial

autocorrelation functions) and residual plots.

Ethical consideration

This study was approved by the Ethics Committee, Graduate School of Medicine, Kyoto Uni-

versity (approval number: R0135), and conducted in accordance with the Ethical Guidelines

for Medical and Health Research Involving Human Subjects of the Ministry of Health, Labour

and Welfare, Japan. According to these guidelines, written informed consent was waived for

this research as it did not utilize human biological specimens and any information utilized in

the research has been anonymized.

Results

A total of 170,294 cases in 567 hospitals were included (S1 Fig). The total numbers of inpatient

cases, characteristics, and time-sensitive treatment approaches before and after the declaration

of state of emergency are presented in Table 1. The median of length of hospital stay decreased

after the declaration of state of emergency, especially among the inpatient cases who trans-

ferred to other facilities (S1 and S2 Tables).

Interrupted time series analysis for changes in ischemic stroke hospitalized

cases

The ITS analysis showed a significant decrease in the weekly number of ischemic stroke hospi-

talized cases (estimated decrease: −157 cases; 95% confidence interval (CI): −209 to −104)

(Fig 1), which corresponds to −10.4% (95% CI: −13.6 to −7.1) after the declaration of state of

Table 1. The total number, characteristics, and time-sensitive treatment approaches of inpatient cases with ischemic stroke before and after the declaration of state

of emergency.

All hospitalized cases Before the declaration of state of

emergency

After the declaration of state of

emergency

p

Number of cases 170,294 154,039 16,255

Age, y, median [IQR] 78 [69–85] 78 [69–85] 78 [70–85] 0.249

Sex (male), n(%) 97,532 (57.3) 88,171 (57.2) 9,361 (57.6) 0.397

JCS score at admission, n (%) <0.001

0 82,353 (48.4) 74,857 (48.6) 7,496 (46.1)

1~3 67,436 (39.6) 60,732 (39.4) 6,704 (41.2)

10~300 20,505 (12.0) 18,450 (12.0) 2,055 (12.6)

Severity at admission, n(%) 0.022

independent 22,577 (13.3) 20,517 (13.3) 2,060 (12.7)

dependent 147,717(86.7) 133,522(86.7) 14,195(87.3)

Treatment approach

Intravenous thrombolysis, n(%) 10,919 (6.4) 9,836 (6.4) 1083 (6.7) 0.175

Endovascular intervention, n(%) 7,393 (4.3) 6641 (4.3) 752 (4.6) 0.064

Transfer to other facilities, n(%) 54,744 (32.1) 49,392 (32.1) 5,352 (32.9) 0.026

Length of hospital stay, median days

[IQR]

19 [11–35] 19 [11–36] 18 [11–32] <0.001

JCS: Japan Coma Scale, ADL: Activities of Daily Living, IQR: Interquartile Range.

https://doi.org/10.1371/journal.pone.0261587.t001
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emergency for the COVID-19 pandemic. Figs 2 and 3 show the weekly numbers of hospital-

ized cases for independent and dependent groups with the result of the ITS analysis. The ITS

analysis revealed a significant decrease of 45 independent cases (95% CI: −61 to −30) and 111

dependent cases (95% CI: −155 to −68). The proportion of decline in the independent group

(−21.3%; 95% CI: −26.0 to −16.2) was larger than that in the dependent group (−8.6%; 95% CI:

−11.7 to −5.4).

Fig 1. Result of the interrupted time series analysis for the weekly number of inpatients with ischemic stroke between April 1

2018 and June 27 2020. Solid lines indicate the predicted trend based on a model, and dashed lines indicate the predicted trend

based on a model in the scenario without the state of emergency.

https://doi.org/10.1371/journal.pone.0261587.g001

Fig 2. Result of the interrupted time series analysis for the weekly number of independent group inpatients with ischemic stroke

between April 1 2018 and June 27 2020. Solid lines indicate the predicted trend based on a model, and dashed lines indicate the

predicted trend based on a model in the scenario without the state of emergency.

https://doi.org/10.1371/journal.pone.0261587.g002
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Impact on treatment administration during the COVID-19 pandemic

The ITS analysis showed that there was no significant change in the proportions of inpatient

cases receiving intravenous thrombolysis (level change −5.0%; 95% CI: −13.0 to 3.8) and endo-

vascular intervention (level change −6.3%; 95% CI: −15.8 to 4.3) (S2 and S3 Figs).

Discussion

In this study, we used a large-scale administrative database to evaluate the impact of the

COVID-19 pandemic on the weekly number of inpatients due to ischemic stroke in Japan.

The main finding of our study showed that: 1) hospitalized cases due to ischemic stroke signifi-

cantly decreased after the declaration of state of emergency in Japan; 2) the proportion of

decline in the independent group was larger than that in the dependent group; and 3) no sig-

nificant decrease was observed in weekly proportions of cases receiving intravenous thrombol-

ysis or endovascular intervention.

The decrease in the number of inpatient cases due to ischemic stroke, especially in non-

severe cases, is consistent with a previous report [12]. There are two possible mechanisms for

the decline of inpatient cases. First, patients with ischemic stroke, especially those without

severe symptoms such as paralysis and disturbance of consciousness, may be hesitant to seek

medical services for fear of exposure to COVID-19. In other fields, including paediatrics and

cardiology, patients were found to be reluctant to seek medical evaluation to avoid contact

with COVID-19 in hospital [9, 17]. Another possible explanation for the decrease in the num-

ber of inpatients is the lack of contact with others resulting from stay-at-home and social dis-

tancing practices. Physical distancing measures could deprive patients of witnesses to the onset

of ischemic stroke [10]. In cases of acute stroke, it is not uncommon for friends and neigh-

bours to request emergency help [18].

Even in emergency conditions such as the COVID-19 pandemic, appropriate evaluation

and management of stroke is necessary. Any delay in the medical evaluation of ischemic stroke

cases, even mild cases, may result in severe consequences, including long-term disability,

Fig 3. Interrupted time series analysis for the weekly number of dependent group inpatients with ischemic stroke between

April 1 2018 and June 27 2020. Solid lines indicate the predicted trend based on a model, and dashed lines indicate the predicted

trend based on a model in the scenario without the state of emergency.

https://doi.org/10.1371/journal.pone.0261587.g003
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pneumonia due to dysphagia, and the early recurrence of stroke. For example, dual antiplatelet

therapy within 24 hours of the onset of symptoms decreases the risk of recurrent stroke in

patients with high-risk transient ischemic attack (TIA) or minor ischemic stroke [19]. Govern-

ments need to recognize that stroke patients with mild symptoms may be reluctant to seek

medical evaluation during a pandemic, particularly where social distancing and stay-at-home

practices are being recommended, and should provide appropriate information about the

symptoms of ischemic stroke. Those with symptoms suggesting stroke should be encouraged

to seek appropriate medical evaluation immediately, even if the symptoms are mild.

The length of hospital stay decreased after the declaration of state of emergency, especially

among the inpatient cases who transferred to other facilities. The reason for the decrease in the

length of hospital stay was unclear. The decrease in inpatient cases after the declaration of state

of emergency might enable early transfer to other facilities for rehabilitation.

Our study revealed that no significant decline was observed in the weekly proportions of

cases receiving intravenous thrombolysis or endovascular intervention. Previous studies

showed the proportion of intravenous thrombolysis and thrombectomy decreased in China

and Spain where their medical services were inundated [20, 21]. Our result may reflect the rel-

ative extent of damage to the health care system by the COVID-19 pandemic. We assume the

resources of the health care system were properly provided in stroke care in Japan, where the

number of COVID-19 cases was relatively small in this period, and the extent of damage was

less than in other countries [20, 21].

Our study has several limitations. First, our DPC data did not include ischemic stroke onset

time. Consequently, the delay from symptom onset to hospital arrival was not analysed in

detail. In addition, our research included only hospitalized cases. The change from hospitaliza-

tion to outpatient management during the COVID-19 pandemic might lead to an overestimate

of the impact. However, patients with acute ischemic stroke should be admitted to a stroke

unit and most patients were hospitalized [22, 23]. Despite these limitations, our research pro-

vides important information on the impact of the COVID-19 pandemic on stroke patients.

Conclusion

Our results show a marked reduction in weekly hospital admissions due to ischemic stroke

after the state of emergency for the COVID-19 pandemic was declared in Japan, using large-

scale administrative data. Our ITS analyses identified that the proportion of decline in non-

severe cases was larger than that in severe cases.

Supporting information

S1 Fig. Flow of case selection.

(TIF)

S2 Fig. The result of interrupted time series analysis for weekly proportions of inpatient

cases receiving intravenous thrombolysis between April 1 2018 and June 27 2020. Solid

lines indicate the predicted trend based on a model, and dashed lines indicate the predicted

trend based on a model in the scenario without the state of emergency.

(TIF)

S3 Fig. The result of the interrupted time series analysis for weekly proportions of inpa-

tient cases receiving endovascular intervention between April 1 2018 and June 27 2020.

Solid lines indicate the predicted trend based on a model, and dashed lines indicate the pre-

dicted trend based on a model in the scenario without the state of emergency.

(TIF)
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S1 Table. The total number, characteristics, and time-sensitive treatment approaches of

inpatient cases with ischemic stroke who did not transfer to other facilities before and

after the declaration of state of emergency.

(DOCX)

S2 Table. The total number, characteristics, and time-sensitive treatment approaches of

inpatient cases with ischemic stroke who transferred to other facilities before and after the

declaration of state of emergency.

(DOCX)
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21. Rudilosso S, Laredo C, Vera V, Vargas M, Renú A, Llull L, et al. Acute Stroke Care Is at Risk in the Era

of COVID-19: Experience at a Comprehensive Stroke Center in Barcelona. Stroke. 2020; 51: 1991–

1995. https://doi.org/10.1161/STROKEAHA.120.030329 PMID: 32438895

22. Powers WJ. Acute Ischemic Stroke. N Engl J Med. 2020; 383: 252–260. https://doi.org/10.1056/

NEJMcp1917030 PMID: 32668115

23. Petty GW, Brown RD, Whisnant JP, Sicks JD, O’Fallon WM, Wiebers DO. Survival and recurrence after

first cerebral infarction: a population-based study in Rochester, Minnesota, 1975 through 1989. Neurol-

ogy. 1998; 50: 208–216. https://doi.org/10.1212/wnl.50.1.208 PMID: 9443482

PLOS ONE The decrease of hospitalization for ischemic stroke during the COVID-19 pandemic

PLOS ONE | https://doi.org/10.1371/journal.pone.0261587 December 17, 2021 9 / 9

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

https://doi.org/10.1253/circj.CJ-17-0177
http://www.ncbi.nlm.nih.gov/pubmed/28579600
https://doi.org/10.1038/s41572-019-0118-8
http://www.ncbi.nlm.nih.gov/pubmed/31601801
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
http://www.ncbi.nlm.nih.gov/pubmed/31662037
https://doi.org/10.1056/NEJMms2009984
http://www.ncbi.nlm.nih.gov/pubmed/32302076
https://doi.org/10.1002/ccd.28997
http://www.ncbi.nlm.nih.gov/pubmed/32478961
https://doi.org/10.1177/1747493021991652
https://doi.org/10.1177/1747493021991652
http://www.ncbi.nlm.nih.gov/pubmed/33459583
https://doi.org/10.1161/STROKEAHA.120.030395
https://doi.org/10.1161/STROKEAHA.120.030395
http://www.ncbi.nlm.nih.gov/pubmed/32516064
https://doi.org/10.1161/STROKEAHA.120.030481
http://www.ncbi.nlm.nih.gov/pubmed/32530738
https://www.mhlw.go.jp/stf/shingi2/0000196043_00003.html
https://www.mhlw.go.jp/stf/shingi2/0000196043_00003.html
https://www.mhlw.go.jp/toukei/saikin/hw/iryosd/m18/is1802.html
https://www.mhlw.go.jp/toukei/saikin/hw/iryosd/m18/is1802.html
https://doi.org/10.1016/j.jclinepi.2020.06.011
http://www.ncbi.nlm.nih.gov/pubmed/32540387
https://doi.org/10.1093/ije/dyw098
http://www.ncbi.nlm.nih.gov/pubmed/27283160
https://doi.org/10.1016/S2352-4642%2820%2930108-5
https://doi.org/10.1016/S2352-4642%2820%2930108-5
http://www.ncbi.nlm.nih.gov/pubmed/32278365
https://doi.org/10.1161/01.STR.0000063366.98459.1F
http://www.ncbi.nlm.nih.gov/pubmed/12649511
https://doi.org/10.1136/bmj.k5130
http://www.ncbi.nlm.nih.gov/pubmed/30563885
https://doi.org/10.1161/STROKEAHA.120.030225
http://www.ncbi.nlm.nih.gov/pubmed/32432997
https://doi.org/10.1161/STROKEAHA.120.030329
http://www.ncbi.nlm.nih.gov/pubmed/32438895
https://doi.org/10.1056/NEJMcp1917030
https://doi.org/10.1056/NEJMcp1917030
http://www.ncbi.nlm.nih.gov/pubmed/32668115
https://doi.org/10.1212/wnl.50.1.208
http://www.ncbi.nlm.nih.gov/pubmed/9443482
https://doi.org/10.1371/journal.pone.0261587



