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Objective: This study aims to evaluate the impact of COVID-19 prevention and control policies on the frequency of emergency
department (ED) visits in a large tertiary hospital in central China, from January 2018 to September 2023.

Methods: We conducted a multi-stage interrupted time series analysis to investigate the impact of various epidemic control policies
on weekly ED visits at a tertiary hospital in Hunan Province, China. The study period ranged from January 1, 2018, to September 30,
2023, and was divided into four distinct periods: pre-epidemic, pandemic, normalized control, and end of control. Using a quasi-
Poisson regression model, we examined the specific effects of these policies on emergency visits, with a particular focus on stratifying
patients based on respiratory versus non-respiratory diseases.

Results: Compared to the pre-pandemic period, the number of ED visits in a tertiary hospital decreased by 38.5% (95% CI: 25.1% to
49.8%) during the COVID-19 pandemic, of which the number of ED visits for respiratory diseases increased by 79.4% (95% CI:
13.2% to 177.2%) and the number of ED visits for non-respiratory diseases decreased by 45.9% (95% CI: =55.7% to —34.2%). After
the end of the epidemic control, the total number of ED visits increased by 31.5% (95% CI: 19.1% to 45.0%), with the number of ED
visits for respiratory diseases rising by 379.2% (95% CI: 275.9% to 511.8%), but with no significant change in the number of ED visits
for non-respiratory emergencies.

Conclusion: Control policies were associated with people avoiding emergency care for non-respiratory related reasons during the
pandemic, while the end of control policies was associated with a sharp rise in emergency care for respiratory diseases. This study
provides a scientific basis for the different changes in ED visits under the implementation of varying epidemic prevention and control
policies.
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Introduction

In December 2019 and January 2020, an outbreak of pneumonia with unknown causes occurred in Wuhan, China, with
evidence of human-to-human transmission.! The novel coronavirus disease, later known to be coronavirus disease 2019
(COVID-19), quickly spread across Hubei Province and even across China. On Jan 20, 2020, China classified the disease as
a second-class infectious disease, which generally warrants less intensive control than first-class diseases. Nevertheless, due
to the urgent public health concern, China adopted management measures on par with those for high-risk, first-class
infectious diseases.” Subsequently, unprecedented rigorous public health interventions were implemented, including quar-
antines, stay-at-home orders, and travel restrictions.® Until the end of April 2020, China’s response to the COVID-19
epidemic had transitioned into a phase of normalized prevention and control. This phase marked a shift towards a “dynamic
zero” approach, emphasizing precise, whole-chain prevention and control measures. This approach aimed to maintain a low
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level of transmission by quickly identifying and isolating cases, implementing targeted measures in affected areas, and
closely monitoring the situation to prevent resurgences.4 After more than two years of implementing normalized prevention
and control measures, China announced the termination of COVID-19 policies on December 7, 2022, with the Introduction
of the “Ten New Measures”, effectively lifting nearly all restrictions on social mobility across most regions.’

Changes in the epidemic policy have brought challenges to the allocation of medical resources,” as well as impacts on hospital
visits,” such as several reports of sharp declines in hospital attendance following the COVID-19 outbreak. For example, a national
study in the US showed a 42% reduction in emergency department (ED) visits early in the pandemic compared to the same period
last year.® A study in Australia found that the number of ED visits at public hospitals in Queensland during the four-month
COVID-19 lockdown was 19.4% lower than predicted by pre-pandemic visit patterns.” A study in Portugal found a 45.7%
reduction in ED visits during the pandemic.'” An interrupted time-series analysis in Ningbo, China, also showed a 45.7%
reduction in ED visits during the COVID-19 pandemic.'' Considering the particularity of China’s epidemic prevention policy,
there is still a lack of studies that examine the changes in medical resources in the post-epidemic era.

As one of the top medical centers, our hospital is the most sensitive and representative of emergency visits in central
South China. Critically, this hospital is located in Changsha, which is the adjacent provincial capital to Wuhan (the first
outbreak of COVID-19). Therefore, we analyzed the data of ED visits at this tertiary hospital from January 2018 to
September 2023, using the interrupt time series (ITS) method, a powerful quasi-experimental design that uses regression
models to assess the longitudinal impact of an intervention.'> The purpose of this study was to evaluate the short- and
long-term effects of important changes in epidemic policy on ED visits. This study provides a more comprehensive
scientific basis for the rational allocation of hospital medical resources in the post-COVID-19 era.

Materials and Methods

Data Collection

We conducted a multi-stage ITS analysis of emergency information from January 1, 2018, to September 30, 2023, based
on the hospital information system (HIS) of the Emergency Department of a tertiary hospital. The HIS recorded basic
patient information in emergency departments and observation rooms, including patient identifier, date of visit, and main
diagnosis, which were used for the analysis. Patient information from various wards and observation rooms was
aggregated and duplicate visits by the same patient within a single day were excluded. The patients were then categorized
into 16 groups based on their primary diagnoses, following a classification of common diagnoses. Subsequently, the
number of hospital visits was grouped according to the calendar week of each year. This study was approved by the
Institutional Review Board of Xiangya Hospital, Central South University (#202002024). Informed consent was not
required because anonymized and deidentified information was used in our analysis, and no individual patient informa-
tion was presented. The study was conducted by the 1964 Helsinki Declaration or comparable standards.

Interventions

The first intervention was the first-level public health emergency response launched by Hunan province on
23 January 2020. The second intervention was the normalized control on April 29, 2020. The third intervention was
marked by announcing the end of the epidemic with the release of the “Ten New Measures” on December 7, 2022.
T represents the number of weeks since the start of the observation period. Thus, the pre-intervention period was from
1 January 2018 to 22 January 2020 (T=I1 to 107), the pandemic period was from January 23, 2020, to September 2020
(T=108 to 121), the normalized control period was from April 29, 2020, to December 6, 2022 (T=121 to 257), and the
end control period was from December 7, 2022 to September, 2023 (T=258 to 299).

Outcome Variables

The number of ED visits was the primary outcome. To observe changes in ED visits for respiratory and non-respiratory
diseases during the epidemic, a stratified analysis was conducted based on whether patients were primarily diagnosed with
respiratory or non-respiratory diseases. All of these outcomes were measured by the total number of ED visits per week.
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Statistical Analysis

Owing to the overdispersion of the outcomes, we used a multi-stage ITS quasi-Poisson regression model for
analysis. Using the number of weeks as a variable, we assumed that the pandemic would have an immediate
impact and that usage would slowly increase over time, so we added level and slope changes to the model. The
level change represents the short-term change corresponding to the impact of the epidemic policy, and the slope
change represents the long-term change corresponding to the comparison of the weekly trend before and after the
policy, the seasonality was considered by Fourier term modeling,'® and the autocorrelation was considered by
adding first-order lag residuals. Finally, we used the following segmented regression model:

log(Y1)=By+8, Te+5, X1t+5 X1t Te+B4Xor+85 Xot Te+Pe Xa1+p, X3 T+ Fourier + &

In the above equation, Y, is the total number of visits or the number of visits by specific factors, B is the intercept term,
and fB; represents the trend in the incidence of infectious diseases in the pre-epidemic period. The previous intervention
period serves as the reference: 3, is the level change after the epidemic began; B; was the slope after the epidemic began; 4
was the level change after normalized control; B5 was the slope after normalized control; B¢ was the level change after the end
of epidemic control; B, was the slope after the end of epidemic control. Fourier terms were determined by auto Arima
models, and € was determined by the models without residuals. In this study, we used the incidence rate ratio (IRR) and its
95% confidence interval (95% CI) as effect estimates, and the calculation formula was: IRR = exp (j3;).

To facilitate interpretation, we discussed the results as a percentage increase or decrease. Diagnostics were performed
for each regression model, plotting residuals, autocorrelation, and partial autocorrelation functions. All statistical
analyses were performed in R 4.0.2. A P value less than 0.05 was considered statistically significant.

Results

Number of ED Visits Over Time

Our study included 313,080 ED visits between January 1, 2018, and September 30, 2023, including 117,745 in the
pre-pandemic period (1100 per week), 9117 during the pandemic period (651 per week), 142,260 during the
normalization of the epidemic period (1046 per week), and 43,035 at the end of the control period (1025 per
week) (Table 1). During the pandemic period, the average number of emergency visits per week was the lowest,

Table | Description of Total and Cause-Specific Emergency Visits During Pre- and Post-Pandemic Periods

Disease Pre-Pandemic Period Pandemic Period Normalized Control End of Control Period
Period
Overall Visits Per Overall Visits Per Overall Visits per Overall Visits Per

Visits (n, %) Week Visits (n, %) Week Visits (n, %) Week Visits (n, %) Week
Any 117745 (100) 1100 9117 (100) 651 142,260 (100) 1046 43,035 (100) 1025
Neurological disease 11699 (9.9) 109 1102 (12.1) 79 14,796 (10.4) 109 5114 (11.9) 122
Ear/nose/throat disease 4518 (3.8) 42 250 (2.7) 18 3659 (2.6) 27 1193 (2.8) 28
Oral disease 215 (0.2) 2 25 (0.3) 2 501 (0.4) 4 130 (0.3) 3
Cardiovascular disease 5803 (4.9) 54 568 (6.2) 41 8014 (5.6) 59 2966 (6.9) 71
Respiratory disease 8654 (7.3) 8l 885 (9.7) 63 7390 (5.2) 54 8047 (18.7) 192
Digestive disease 14319 (12.2) 134 927 (10.2) 66 16,571 (11.6) 122 4865 (11.3) 116
Urinary disease 4236 (3.6) 40 304 (3.3) 22 5579 (3.9) 41 1472 (3.4) 35
Rheumatic disease 445 (0.4) 4 38 (04) 3 600 (0.4) 4 230 (0.5) 5
Endocrine disease 476 (0.4) 4 58 (0.6) 4 880 (0.6) 6 257 (0.6) 6
Blood disease 2053 (1.7) 19 193 (2.1) 14 2514 (1.8) 18 754 (1.8) 18
Reproductive disease 1455 (1.2) 14 142 (1.6) 10 1863 (1.3) 14 479 (1.1) 11
Disease caused by physical or 14802 (12.6) 138 700 (7.7) 50 16,881 (11.9) 124 3547 (8.2) 84
chemical factor
Skin disease 1177 (1.0) 11 70 (0.8) 5 1495 (I.1) I 780 (1.8) 19
Ophthalmic disease 1671 (1.4) 16 123 (1.3) 9 2288 (1.6) 17 483 (I.1) 12
Fever of unknown origin 2392 (2.0) 22 277 (3.0) 20 2338 (1.6) 17 1037 (2.4) 25
Other disease 43830 (37.2) 410 3455 (37.9) 247 56,891 (40.0) 418 11,681 (27.1) 278
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which can also be observed in the distribution of ED visits by disease type in each quarter, with the lowest number
of ED wvisits in the first quarter of 2020 (Figure 1). For specific diseases, the proportion of diseases caused by
physical or chemical factors was the highest during the pre-pandemic period (12.6%) and normalized control
period (11.9%), while the proportion of neurological diseases was the highest (12.1%) during the pandemic period,
and the proportion of respiratory diseases was the highest (18.7%) at the end of the epidemic control period.

Impact of Policies on ED Visits

The multi-stage interrupted time series analysis indicated a decreasing trend (—0.5%; 95% CI: —0.6% to —0.4%) in
the number of ED visits in the pre-epidemic period (Figure 2). Compared with the pre-epidemic period, ED visits
during the pandemic decreased by 38.5% (95% CI: 25.1% to 49.8%) in the short term, but the slope/trend of ED
visits increased by 5.1% (95% CI: 2.8% to 7.6%), indicating both short-term and long-term impacts on ED visits.
Upon the implementation of normalized control, the slope/trend of ED visits decreased by 4.5% (95% CI: —6.7%
to —2.3%), indicating a long-term impact. After the end of epidemic control, the ED visits increased by 31.5%
(95% CI: 19.1% to 45.0%), and its slope/trend showed a decreasing trend (—0.9%; 95% CI: —1.3% to —0.6%),
indicating that both short-term and long-term impacts (Table 2).

Impact of Policies on ED Visits for Respiratory Diseases Vs Non-Respiratory Diseases
The policy changes significantly impacted the number of ED visits for respiratory diseases (Figure 3). With the onset of
the pandemic, ED visits for respiratory diseases increased by 79.4% (95% CI: 13.2% to 177.2%), indicating a strong
short-term impact. Upon the implementation of normalized control measures, the slope/trend of ED visits for respiratory
diseases showed a moderate increasing trend (7.3%; 95% CI: 0.7% to 14.8%), indicating a significant long-term impact.
After the end of epidemic control, the ED visits for respiratory diseases sharply increased by 379.2% (95% CI: 275.9% to
511.8%) in the short term, and its slope/trend showed a decreasing trend (—2.8%; 95% CI: —3.7% to —1.9%) (Table 2).

In contrast, the ED visits for non-respiratory diseases during the pandemic experienced a short-term decrease of
45.9% (95% CI: —55.7% to —34.2%) alongside an increasing slope/trend (6.3%; 95% CI: 4.0% to 8.7%) (Figure 4).
Following the implementation of normalized control, the slope/trend of ED visits for non-respiratory diseases demon-
strated a gradual downward trend (—5.6%; 95% CI: —=7.7% to —3.5%), suggesting the enduring impact of normalization
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Figure | Change in the number of emergency visits and the composition of diseases in each quarter from January 2018 to September 2023.
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Figure 2 Trend of the weekly emergency visits for all diseases from January 2018 to September 2023.

policies on ED visits. It is noteworthy that at the end of the COVID-19 control period, changes in non-respiratory
diseases remained relatively stable, with observed changes not achieving statistical significance (Table 2).

Discussion

In this study of 313,080 ED visits to a tertiary hospital from January 2018 to September 2023, we observed a short-term
rapid decline in total ED visits during the pandemic period owing to the strict policy on maintaining social distance, with
a decrease in non-respiratory disease but a rapid increase in respiratory disease, indicating that emergency service was
occupied by respiratory diseases. After the end of the control, a great increase in ED visits for respiratory diseases,
accompanied by unchanged ED visits for non-respiratory diseases, was observed, indicating a severe overload of
emergency service provision caused by respiratory diseases in the short term.

COVID-19 poses a serious threat to the lives and health of people around the world, so effective and strict prevention
and control policies are crucial to halting the epidemic.'® In the early stages of the epidemic, countries mainly used
containment and mitigation strategies.'> Containment focuses on stopping the spread of COVID-19, while mitigation
aims to reduce the impact of the pandemic and ease the burden on healthcare resources. Countries have responded to the
epidemic with different Interventions according to their circumstances, with the containment strategy represented by

Table 2 Results of Parameter Estimation for the Interrupted Time Series Model of Emergency Department Visits

Period Measure Total Visits Visits for Respiratory Disease | Visits for Non-Respiratory Disease
IRR (95% CI) IRR (95% ClI) IRR (95% CI)

Before pandemic Trend (slop) | 0.995 | (0.994-0.996) 0.992 (0.989-0.994) 0.995 (0.994-0.996)
Pandemic Level change | 0.615 | (0.502-0.749) 1.794 (1.132-2.772) 0.541 (0.443-0.658)
Trend (slop) | 1.051 | (1.028-1.076) 0.940 (0.879-1.002) 1.063 (1.040-1.087)
Normalized control | Level change | 1.184 | (0.979-1.439) 1.607 (0.846-3.280) 1.157 (0.967-1.391)
Trend (slop) | 0.955 | (0.933-0.977) 1.073 (1.007-1.148) 0.944 (0.923-0.965)
End of control Level change | 1.315 | (1.191-1.450) 4.792 (3.759-6.118) 1.051 (0.951-1.160)
Trend 0.991 | (0.987-0.994) 0.972 (0.963-0.981) 0.996 (0.992-0.999)

Abbreviations: IRR, incidence rate ratio; Cl, confidence interval.
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Figure 3 Trend of weekly emergency visits for respiratory diseases from January 2018 to September 2023.
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Figure 4 Trend of weekly emergency visits for non-respiratory diseases from January 2018 to September 2023.

China and Italy,'® which adopted strict lockdown measures, while the United States and most European countries adopted
mitigation strategies. In the later stage of the epidemic, with the increase in vaccination rates and the development of
strain mutations, the risk of serious consequences has been far lower than in the early stages.'” Therefore, most countries,
including China, have gradually lifted the epidemic control policies.

Changes in epidemic prevention and control policies have challenged medical resources, with emergency resources as
valuable medical resources being significantly affected by policy changes. A study in Italy showed that ED visits during
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the pandemic decreased by 66.2% compared to the same period the previous year.'® A study on tertiary hospitals in
Foshan, China found a significant decrease of 37.75% in emergency department visits in 2020.” In addition, a hospital
study in Ningbo, China also found a 22.6% decrease in total emergency department visits after the implementation of the
epidemic prevention and control policies.'' A study in the US found that ED visits decreased by 30.9% to 45% from
March to April 2020."° These studies demonstrate that both containment and mitigation strategies have had an impact on
emergency resources during the pandemic, which is also consistent with our findings, but current research mostly focuses
on evaluating the impact of single policy changes and lacks analysis that combines multi-stage policy changes. In
addition, some studies reported that the policy of normalized control had both short- and long-term restrictive effects on
respiratory diseases.”® Therefore, our study considers multi-stage policy changes and combines short - and long-term
effects, which to some extent makes the Results different from other studies, but provides more valuable insights into the
rational allocation of health care resources.

In the current study, we considered both the short- and long-term effects of different epidemic policies. At the
beginning of the pandemic, as a result of delayed healthcare utilization owing to social distance policy and the fear of
infection,?! the total of ED visits decreased rapidly in the short term and then increased slowly. During the period of
normalized control, the number of visits almost recover to the pre-pandemic level. With the end of control policies in
China, the infection rate of COVID-19 has increased rapidly in a short period, bringing a heavy burden to medical staff.?*
In the post-epidemic era, with the end of the peak of the first wave of infections, the number of emergency visits has
begun to return to relatively normal changes, but with the complete liberalization of policies, we need to be vigilant
against the disease burden caused by the re-outbreak of respiratory diseases, rationally allocate medical resources, reduce
the burden on medical staff, and improve emergency treatment capacity.

Our study has several limitations. First, although we used Fourier terms for fitting seasonality, there are still some
time-varying confounders that may affect hospital visits, such as air pollution and meteorological factors, that were not
included in our models. Second, to maintain data integrity, we retained some information about medical visits for which
the primary diagnosis could not be clarified, which may have biased the subcomponents. Finally, the observational nature
of our study suggests more association than causation between COVID-19 prevention and control policies and ED visits.

In summary, this study offers a scientific foundation for understanding the effects of policy changes on emergency
visits during the COVID-19 pandemic through quasi-experimental analysis. It demonstrates that ED visits have shown
varying patterns under different epidemic prevention and control policies. In addition, a global burden study reported that
COVID-19 has greatly disrupted the referral of patients to emergency medical care, partly related to limited ED
resources.”> Therefore, it is crucial to prioritize the advancement of ED infrastructure, enhance epidemic prevention
and control systems, and strengthen emergency response capabilities. This will ensure effective readiness to tackle future
unknown epidemic challenges.
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