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Abstract
To estimate the impact on emergency attendance for stroke and acute myocardial infarction (AMI) during the pandemic of 
COVID-19 in Beijing, China. Based on 17,123 and 8693 emergency attendance for stroke and AMI, an interrupted time-series 
(ITS) study was conducted. Since 01/24/2020, the top two levels of regulations on major public health have been implemented 
in Beijing. This study covered from 03/01/2018 to 06/03/2020, including 19 weeks of lockdown period and 99 weeks before. 
A segmented Poisson regression model was used to estimate the immediate change and the monthly change in the secular 
trend of the emergency attendance rates. The emergency attendance rates of stroke and AMI cut in half at the beginning of 
the lockdown period, with 52.1% (95% CI 45.8% to 57.7%) and 63.1% (95% CI 56.1% to 63.1%) immediate decreases for 
stroke and AMI, respectively. Then during the lockdown period, 7.0% (95% CI 2.5%, 11.6%) and 16.1% (95% CI 9.5, 23.1) 
increases per month in the secular trends of emergency attendance rates were shown for stroke and AMI, respectively. Though 
the accelerated increasing rates, there were estimated 1335 and 747 patients with stroke and AMI without seeking emergency 
medical aid during the lockdown, respectively. The emergency attendance for stroke and AMI cut in half at the beginning of 
the pandemic then had gradual restoration thereafter. The results hint the need for more engagement and communications 
with all stakeholders to reduce the negative impact on CVD emergency medical services during the crisis.
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Highlights

• The impact on emergency attendance for stroke and 
acute myocardial infarction (AMI) during the pandemic 
of COVID-19 remains to be evaluated.
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• The emergency attendance for stroke and AMI cut in 
half at the beginning of the pandemic then had gradual 
restoration thereafter.

• Though the gradual restoration, there were estimated 
1335 and 747 patients with stroke and AMI without seek-
ing for emergency medical aid during the pandemic in 
Beijing.

• More engagement and communications with all stake-
holders are needed to reduce the negative impact on 
cardiovascular emergency medical services during the 
crisis.

Introduction

The pandemic of coronavirus disease in 2019 (COVID-19) 
spread over 200 countries is still ongoing [1]. It has caused a 
major crisis to the whole health care system, which has been 
reorganized to cope with the enormous increase of critically 
ill patients. In the meantime, hospital attendance for cardio-
vascular conditions was reported to have decreased precipi-
tously. Reports from Spain, Italy, France, the US, and China 
showed a reduction of 10% to 70% in hospital admission for 
cardiovascular diseases (CVD) [2–8], though the COVID-19 
may probably increase CVD risks as a result of endothelial 
injury, hypercoagulable status, and systemic inflammatory 
[9–11]. Most of these reports described the changes at an 
early stage of this crisis by comparing the admissions in the 
pandemic with the parallel period during the previous year, 
without considering the secular trend, meteorological, and 
other confounders in CVD hospital admissions. According 
to previous reports, temporal trends existed in the rates of 
hospital admissions for CVD, especially in developing coun-
tries, the hospital admission for CVD continued increasing 
[12–15]. Besides, meteorological and air pollution factors 
also affect CVD hospital attendance [16–18]. Therefore, the 
actual reduction in the hospital admissions for CVD needs 
to be estimated more precisely during the pandemic, with 
considering these confounders.

In China, the outbreak of COVID-19 spread rapidly at 
the beginning of this year. Rapid and strict regulations were 
implemented to contain the spread [19]. The government 
launched the first-level response to major public health from 
January to April in 30 provinces and launched the second-
level response thereafter until the beginning of June. Due to 
the aggressive measures, the outbreak has been slowed down 
[20]. On the other hand, series guidelines were released to 
deliver uninterrupted effective care for stroke and AMI dur-
ing the pandemic [21–23]. Based on a relatively complete 
lockdown period, in this study, we aimed to estimate the 
impact on the emergency attendance for stroke and acute 
myocardial infarction (AMI) in Beijing, not only the imme-
diate changes at the beginning of the pandemic but also 

the secular change during the pandemic, accounting for 
the temporal trend, meteorological, air pollution, and other 
confounders. The results will provide information on the 
influence on emergency medical services for CVD during 
the pandemic.

Methods

Study design

An interrupted time-series (ITS) design was used to estimate 
the changes in the emergency attendance for stroke and AMI 
during the whole lockdown period. ITS is valuable for eval-
uating population-level health interventions over a clearly 
defined time [24–26]. Based on the design, a time series of 
emergency admissions rates with the underlying trend before 
the lockdown period was first estimated. Then, under the 
hypothetical scenario without the pandemic and regulations, 
the admission rates were further predicted and were used to 
compare with the actual rates during the lockdown period. 
Aggressive disease control measures according to the top 
two levels of responses to major public health in Beijing 
lasted from January 24th to early June. The observational 
period in this study covered 118 weeks from 03/01/2018 
to 06/03/2020, including 19 weeks of lockdown period and 
99 weeks before. Variables that may influence the attend-
ance besides the pandemic regulations were also accounted 
for, including the secular trend, seasonality, meteorological 
factors [27], air pollution [28], and the number of public 
holidays.

Data collection

The daily number of emergency attendance for stroke and 
AMI was obtained from the Beijing Emergency Care Data-
base. This database was constructed from 2018 to connect 
the emergency medical services (EMS) system and the 
emergency departments in all secondary and tertiary hos-
pitals in Beijing, keeping track of all the records for stroke 
and AMI in emergency departments, which covered all the 
residents (about 20 million) in Beijing. The main variables 
in this database include symptoms at disease onset, hos-
pital arrival time, hospital information, workflows during 
the treatment, disease diagnosis at discharge, and so on. 
In this study, stroke was defined as a primary diagnosis of 
ICD-10 (international classification of disease, 10th ver-
sion) code I60-I64 at discharge, and AMI was defined as a 
primary diagnosis of ICD-10 code of I21 at discharge. To 
be noted, stroke patients obtained from the database during 
the pandemic were all not infected with COVID-19, as all 
the COVID-19 cases were strictly quarantined and treated 
in the designated hospitals.
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The daily average temperature (°C) and relative humid-
ity (%) were collected from the China Meteorological Data 
Sharing Service System (http:// data. cma. cn/). The daily par-
ticulate matter with aerodynamic diameter ≤ 2.5 μm (PM2.5) 
concentrations (µg/m3) was collected from Beijing Munici-
pal Ecology and Environment Bureau (http:// sthjj. beiji ng. 
gov. cn/). Data of all sentinel monitoring stations around Bei-
jing were averaged for daily average temperature, relative 
humidity, and PM2.5 concentrations. The Chinese public 
holidays (New Year’s Day, Spring Festival, Qingming Festi-
val, Labor Day, Dragon Boat Festival, Mid-autumn Festival, 
National Day) were released by the General Office of the 
State Council of the People’s Republic of China (http:// engli 
sh. www. gov. cn).

Statistical analysis

The emergency attendance rates with 95% confidence inter-
vals (CIs) for stroke and AMI were first calculated and 
reported as age- and sex- standardized rates using the resi-
dents in the sixth demographic census in Beijing. Then using 
the ITS design, a segmented Poisson regression model was 
developed to test whether the emergency attendance rate 
changed at the beginning and during the lockdown period 
[29]. All the variables were set up on a weekly basis. The 
response variable was the weekly number of stroke or AMI 
emergency department admissions. The population size for 
the permanent residents from the sixth demographic census 
in Beijing was included as an offset variable. A binary vari-
able was included in the model, with the value of 1 indicat-
ing the lockdown period and 0 before. A linear predictor for 
the time was included in the model to quantify the underline 
secular trends. A Fourier series of sine and cosine terms of 
time was also modeled and included in the model account-
ing for the seasonality [24]. The number of public holidays 
in each week, the mean temperature, relative humidity, and 
PM2.5 concentrations were was also adjusted as penalized 
splines with the degree of freedom of 4. The immediate 
decreases and the monthly changes in the secular trend of 

emergency attendance rates were calculated by the coeffi-
cient of the binary indicator of the lockdown period and its 
interaction term with time, respectively. The absolute num-
ber of reduced emergency attendance was calculated using 
the actual attendance and the predicted number without the 
pandemic and the regulations.

The analyses were stratified by different age (< 65 years 
and ≥ 65 years), sex (females and males), and disease sub-
types (stroke: ischemic stroke (IS) and hemorrhagic stroke 
(HS); AMI: ST-segment elevation myocardial infarction 
(STEMI) and un-STEMI). The heterogeneity of changes 
between subgroups was tested by Cochran’s Q-test. A sen-
sitivity analysis was conducted by including a spline-based 
smooth temporal trend in the model to capture a nonlinear 
temporal trend. All analyses were conducted in R (V.3.6.3) 
[30].

Results

During the observational period, there were 17,123 and 
8,693 emergency attendance for stroke and AMI in Bei-
jing, respectively. The annual emergency attendance rates 
(1/100,000) for stroke and AMI were 40.3 (95% CI 39.4, 
41.2), and 20.5 (95% CI 19.8, 21.1), respectively. More 
attendance occurred in males and those aged ≥ 65 years for 
both conditions (Table 1). Increasing secular trends were 
observed for both conditions before and during the lockdown 
period (Fig. 1).

Changes in emergency attendance rate

Remarkable immediate decreases in emergency attendance 
rates of these two conditions were seen at the point when 
the lockdown period began (Fig. 1). It was estimated that 
there were 52.1% (95% CI 45.8% to 57.7%) and 63.1% (95% 
CI 56.1% to 63.1%) immediate decreases in the emergency 
attendance rates for stroke and AMI, respectively (both 
P < 0.001, Figs. 1, 2). The decreases in different age and 

Table 1  Annual emergency 
attendance rate for stroke and 
AMI in Beijing from Mar. 2018 
to Jun. 2020

AMI acute myocardial infarction

Stroke AMI

Number of 
attendance

Annual attendance rate 
(1/100,000, 95% CI)

Number of 
attendance

Annual attendance rate 
(1/100,000, 95% CI)

Overall 17,123 40.3 (39.4, 41.2) 8693 20.5 (19.8, 21.1)
Age
 < 65 years 8277 21.3 (20.7, 22.0) 5428 14.0 (13.5, 14.6)
 ≥ 65 years 8845 238.9 (231.6, 246.3) 3262 88.1 (83.7, 92.7)

Sex
 Female 5514 26.8 (25.8, 27.9) 1864 9.1 (8.5, 9.7)
 Male 11,609 52.9 (51.5, 54.3) 6829 31.1 (30.0, 32.2)

http://data.cma.cn/
http://sthjj.beijing.gov.cn/
http://sthjj.beijing.gov.cn/
http://english.www.gov.cn
http://english.www.gov.cn
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sex subgroups were similar, for both stroke and AMI (all 
P > 0.05, Fig. 2). For different disease types, there were 
similar decreases in IS compared with HS, while there were 
about 20% more decreases in un-STEMI compared with 
STEMI, though the difference was not statistically signifi-
cant (P = 0.528). The results in the sensitivity analysis didn’t 
change much (Table S1).

During the lockdown period, significant increases were 
observed in the secular trends compared with the pre-lock-
down period. There were 7.0% (95% CI 2.5%, 11.6%) and 
16.1% (95% CI 9.5, 23.1) increases per month in the secular 

trends of emergency attendance rates for stroke and AMI, 
respectively. The secular changes in all different subgroups 
were similar (all P > 0.05, Table 2). Results from sensitivity 
analysis didn’t change much (Table S2).

Reductions in the number of emergency attendance

There would have much more emergency attendance for 
stroke and AMI without the pandemic and regulations (the 
dashed lines compared with the solid lines in Fig. 3). It was 
estimated that there were 1,335 and 747 patients with stroke 

Fig. 1  Emergency attendance rate for stroke and AMI before and 
after the lockdown period from Mar. 2018 to Jun. 2020. AMI acute 
myocardial infarction. Vertical dashed line: Jan 24th, 2020, when the 

lockdown period began. Solid lines: time trend. Hollow dots: emer-
gency attendance rates. Panel a: stroke. Panel b: AMI
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and AMI didn’t seek emergency medical aid during the lock-
down period, respectively.

Discussions

Based on the records from the EMS system and the emer-
gency department of all secondary and tertiary hospitals 
in Beijing, we found that the emergency attendance rates 
for stroke and AMI decreased by more than a half at the 
beginning of the pandemic. Several reasons may contrib-
ute to the decreased utilization of healthcare services. 
One important reason may be the concerns from patients 
and their families about the in-hospital cross-infection 
of COVID-19 [3]. Besides, during the lockdown period 
with strict regulations for social distancing, people were 
encouraged to postponed un-urgent medical procedures. 
Thus, because of a lack of medical knowledge, patients 

Fig. 2  Immediate decreases in emergency attendance rates of stroke and AMI at the beginning of the lockdown period. AMI acute myocardial 
infarction. Panel a: stroke. Panel b: AMI

Table 2  Monthly increases in secular trends of emergency attendance 
rates for stroke and AMI during the lockdown period

AMI acute myocardial infarction

Stroke AMI

Monthly secular 
increases (95% 
CI)

P-value Monthly secular 
increases (95% 
CI)

P-value

Overall 7.0 (2.5, 11.6) 0.002 16.1 (9.5, 23.1)  < 0.001
Age
 < 65 years 10.6 (4.0, 17.7) 0.001 13.9 (5.9, 22.5)  < 0.001
 ≥ 65 years 4.2 (− 1.6, 10.5) 0.161 18.9 (8.0, 30.9)  < 0.001

Sex
 Female 2.9 (− 4.2, 10.5) 0.439 28.2 (12.5, 46.2)  < 0.001
 Male 9.4 (3.8, 15.2) 0.001 12.9 (5.7, 20.6)  < 0.001
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with mild to moderate symptoms may prefer to choose 
not to go to the hospital. Another reason for the decrease 
may be that the change of lifestyle in the lockdown period 
may reduce the risk of these two conditions, such as better 
medication adherence. Reductions in hospital admissions 
for CVD during the pandemic were reported in differ-
ent countries with varying degrees from 10 to 70% [3–8, 
31]. However, data from the UK didn’t show significant 
changes in emergency ambulance services for stroke and 
heart attack [32]. The differences between studies come 
from the disparities in study designs, the local infection 

rate of COVID-19, the local regulations to contain the 
pandemic, the public attitude to the pandemic, and so on.

The results showed consistent immediate decreases in 
different age and sex subgroups. For different disease types, 
there were similar decreases in IS and HS, while about 20% 
more decreases occurred in un-STEMI than STEMI, though 
the difference was not significant. We don’t know the exact 
reasons for the differences. Further studies are needed to test 
the hypothesis of whether there were consistent decreases 
in different disease types and seek for possible reasons. Due 
to the sharp immediate decreases, the decreases may not be 

Fig. 3  Reductions in the number of emergency attendance for stroke 
and AMI during the lockdown period. AMI acute myocardial infarc-
tion. Vertical dashed line: Jan 24th, 2020, when the lockdown period 

began. Solid lines: actual number of emergency attendance. Dashed 
lines: counterfactual number of emergency attendance without the 
pandemic. Panel a: stroke. Panel b: AMI
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only restricted to those with mild symptoms, but also may 
exist in patients with different severities of symptoms.

According to the results, significant increases were 
observed in the secular trends of rates during the lockdown 
compared with the pre-lockdown period. There were 7.0% 
and 16.1% increases per month for stroke and AMI, respec-
tively, indicating gradual restoration in the CVD emer-
gency medical services. The incidence of stroke and AMI 
would not diminish during the pandemic and effective rapid 
medical care for these two life-threatening conditions is 
paramount to gain maximal functional recovery. To deliver 
timely and effective care for stroke and AMI, series guide-
lines for stroke and AMI hyperacute management during 
the pandemic were recommended [21–23, 33, 34]. Physi-
cians from different hospitals continue to share treatment 
experiences [1, 22, 23, 35, 36]. Partly due to these efforts, 
gradual restoration in the CVD emergency medical services 
showed in the results. Most importantly, the infectious rate 
of COVID-19 in the study population decreased steadily and 
was under control [20]. Medical services as well as other 
social activities had recovery gradually. The public attitude 
changed as the pandemic prolonged and the probability of 
patients going to hospital continue increasing. Despite these 
improvements, the sharp immediate decreases when the 
pandemic began should make an alert to both medical and 
patent organizations emphasizing the need for acute medi-
cal services for conditions, especially for life-threatening 
conditions, even in this special lockdown period. Educations 
on the importance of rapid therapy for stroke and AMI in 
the general population, especially in high-risk populations, 
should be strengthened. As the pandemic is continuing, an 
enhanced effort by all the stakeholders is needed to maintain 
the order of the medical service together.

Even with the increases in the secular trend, there were 
absolute reductions for the number of emergency attend-
ance, that there were 1000 and 800 patients with stroke and 
AMI didn’t seek emergency medical services during the pan-
demic. For stroke and AMI, even patients with mild symp-
toms will benefit a lot from timely treatment. Therefore, the 
decrease in emergency attendance may be a sign of increas-
ing complications and deaths from CVD in the long run and 
need consistent evaluation. The whole society should pre-
pare for the potential increase in the disease burden of CVD.

Our study has strengths. First, during the study period, 
the outbreak of COVID-19 in China was significantly slowed 
down and was largely under control. After the study period, 
the regulation lowered down and the social order is recov-
ering. Thus, the results described a whole picture of the 
change in emergency attendance for stroke and AMI during 
a relatively complete lockdown period, providing valuable 
information, especially for regions where the outbreak is still 
going on. Besides, not the same as most existing reports, the 
reductions estimated in this study were accounted for the 

secular trend and other confounders, such as meteorologi-
cal and air pollution factors, which makes the estimations 
more precise. Limitations also exist in the study. First, the 
estimation will be more precise with a longer observational 
period. However, the database used in this study was just 
set up in 2018, and no earlier emergency attendance can 
be obtained. Despite this, the large number of emergency 
attendances in the whole region helped to get reliable esti-
mates. The results from the sensitivity analysis also support 
the main results. Besides, the study setting was in Beijing, 
where no more than 500 COVID-19 cases happened during 
the whole lockdown period with a relatively lower infection 
rate of COVID-19. Also, the most strict regulations were 
conducted during the lockdown period. Results interpreted 
to other regions should be cautious.

In conclusion, the emergency attendance for stroke and 
AMI cut in half at the beginning of the pandemic then had 
gradual restoration thereafter. The results hint the need for 
more engagement and communications with all stakeholders 
to reduce the negative impact on CVD emergency medical 
services during the crisis.
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