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Background: The outbreak of COVID-19  in early 2020 presented a major 
challenge to the healthcare system in China. This study aimed to quantitatively 
evaluate the impact of COVID-19 on health services utilization in China in 2020.

Methods: Health service-related data for this study were extracted from the China 
Health Statistical Yearbook. The Auto-Regressive Integrated Moving Average 
model (ARIMA) was used to forecast the data for the year 2020 based on trends 
observed between 2010 and 2019. The differences between the actual 2020 
values reported in the statistical yearbook and the forecast values from the ARIMA 
model were used to assess the impact of COVID-19 on health services utilization.

Results: In 2020, the number of admissions and outpatient visits in China declined 
by 17.74 and 14.37%, respectively, compared to the ARIMA model’s forecast values. 
Notably, public hospitals experienced the largest decrease in outpatient visits and 
admissions, of 18.55 and 19.64%, respectively. Among all departments, the pediatrics 
department had the greatest decrease in outpatient visits (35.15%). Regarding 
geographical distribution, Beijing and Heilongjiang were the regions most affected 
by the decline in outpatient visits (29.96%) and admissions (43.20%) respectively.

Conclusion: The study’s findings suggest that during the first year of the 
COVID-19 pandemic, one in seven outpatient services and one in six admissions 
were affected in China. Therefore, there is an urgent need to establish a green 
channel for seeking medical treatment without spatial and institutional barriers 
during epidemic prevention and control periods.

KEYWORDS

public emergencies, emergency management, health services access, forecast model, 
health policy

1. Introduction

At the close of 2019, coronavirus disease 2019 (COVID-19), a severe infectious disease, rapidly 
disseminated to numerous countries worldwide within a few months. The outbreak brought health 
systems, education, entertainment, commerce, tourism, and manufacturing industries globally to 
a near standstill (1). As of 17:00 on March 7, 2023, Beijing time, the novel coronavirus has 
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undergone several rounds of mutations and has caused 758,390,564 
infections and 6,859,093 deaths worldwide. In the early stages of the 
outbreak, limited information on the virus’ pathogenesis and mode of 
transmission resulted in high infection rates and direct mortality (2, 3). 
On January 30, 2020, the World Health Organization (WHO) declared 
that the COVID-19 a public health emergency of international concern. 
Subsequently, COVID-19 prevention and control measures, such as 
social distancing, personal protective equipment use, and self-isolation 
were significantly upgraded (4).

COVID-19 was first reported in Wuhan, and it had spread to all 
the 31 provinces of China by the end of January 2020 (5). To prevent 
the further spread of the pandemic, the provinces of mainland China 
quickly launched the highest level of response (6), including large-
scale isolation of infected individuals or those at risk of infection, 
suspension of production and commercial activities in some areas, 
closure of some non-communicable disease hospitals and community 
hospitals, and restriction of non-essential social activities (7). 
Although these measures quickly reduced the number of infections at 
the social level to zero, they also generated spatial and institutional 
barriers that constrained public access to health services to some 
extent, especially during the pandemic. Moreover, the COVID-19 
outbreak also disrupted other health resources, resulting in the closure 
of some non-emergency departments in China (8). Reduced access to 
health services, including essential health services, is one of the 
harmful manifestations of the prolonged COVID-19 epidemic and 
needs to be quantified to assess its objective impact. Several countries 
have recently reported quantitative data on the pandemic’s impact on 
health service utilization. For instance, during the first wave of the 
pandemic, health service utilization in the UK dropped by 70% (9). In 
Australia, manual therapy service utilization by private agencies 
decreased by approximately 7% during the first half of 2020 (10). 
However, there is a lack of national-level quantitative studies on this 
topic in China. Therefore, this study uses long-term data based on the 
Auto Regressive Integrated Moving Average model (ARIMA) to 
predict theoretical health service utilization data in 2020 if this 
outbreak had not occurred. The differences between the predicted and 
actual values in 2020 are then compared to quantify the impact of 
COVID-19 on health services utilization.

2. Methods

2.1. Data sources and study design

The China Health (Health and Family Planning) Statistical 
Yearbook is a comprehensive national-level health service statistics 
manual edited by the National Health (Health and Family Planning) 
Commission. Each edition of the yearbook presents China’s health-
related data for the preceding year, encompassing data on health 
resource allocation, health expenditure, health service utilization, and 
population health-related indicators. Notably, the data covered 31 
provinces in mainland China, excluding Hong Kong, Macau, and 
Taiwan, due to inconsistent statistical standards. In this study, 
we obtained data from the yearbook spanning the period 2010 and 
2020. Target data from 2010 to 2019 were input into the ARIMA 
forecast model to predict the 2020 data in the absence of the outbreak. 
The data from the Statistical Yearbook for 2020 are after the impact of 
the pandemic. To roughly estimate the impact of the pandemic on 

health service utilization, we calculated the difference between the 
actual and forecast values for 2020. To clarify the characteristics of the 
impact, we conducted comparisons of data across different types of 
hospitals, 21 clinical departments, and 31 provinces. For simplicity, 
“province” here refers specifically to the original province (such as 
Hubei), municipality (such as Tianjin), and autonomous region (such 
as Xinjiang). The data were organized chronologically to establish a 
group of time series.

2.2. Auto-regressive integrated moving 
average model

The ARIMA model, was originally developed by Box and Jenkins 
as a forecasting tool for economic variables, is also known as the 
Box-Jenkins method (11). The first half of the statistical analysis of this 
study, a time series analysis was conducted to predict future values of 
the series. ARIMA is one of the most popular linear models for 
forecasting time series due to its ability to account for changing trends, 
periodic variations, and stochastic perturbations in time series. Given 
that the change in health service utilization is driven by multiple 
factors, the ARIMA model is considered to be the most appropriate 
model under existing conditions.

The ARIMA model is typically specified as a simple ARIMA (p, d, 
q) model, a seasonal ARIMA (P, D, Q) S model, and a seasonal-
product ARIMA (p, d, q) (P, D, Q) S model, where p, d, q and P, D, Q 
are the continuous and seasonal order of autoregression, degree of 
difference, and order of moving average, respectively (12). As this 
study did not involve seasonal data, only the simple ARIMA model 
was utilized for the statistical analysis.

2.3. Models construction and selection

The ARIMA model is developed through four synergistic steps, 
which include time series stationary, model identification, parameter 
estimation, and diagnostic checking (13). Initially, ARIMA models 
necessitate a stationary time series. and the Augmented Dickey-Fuller 
(ADF) unit-root test can determine whether a time series is stationary. 
The parameters of the ARIMA model were estimated using 
autocorrelation function (ACF) plot and partial autocorrelation 
(PACF) plot, and the “auto.arima()” command in R software was 
employed to promptly identify the most suitable model. Finally, the 
Ljung-Box test was performed to confirm that temporal 
autocorrelation no longer existed in the model residuals (13, 14).

The statistical appropriateness and predictive accuracy of the 
selected models were assessed using Mean Absolute Percentage Error 
(MAPE), whereby lower values indicated a better fit of the data (15) 
(13). MAPE is represented by equation (1) below. ARIMA model 
selection and MAPE results for all time-series analyzes are elaborated 
in Supplementary Table S1.
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Where n is the number of time points, xi is the actual value at time 
point i, and ei is the difference between the actual and forecast values.
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2.4. Data analysis

Microsoft Excel 2016 was used for data extraction and initial 
statistical analysis. ARIMA models were developed using the forecast 
package and tseries package in R software 4.1.2 to forecast 2020 values 
based on the existing time series (2010–2019). The output of this 
model included the forecast value and its 95% confidence interval 
(95%CI). The differences between the forecast values and the actual 
values in 2020 and the percentage changes (2) were derived to indicate 
the impact of COVID-19 on health service utilization.

 
Percentage change
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Where Vforecast is the forecast value for 2020, Vactual is the actual 
value for 2020.

3. Results

3.1. Overall results and different types of 
hospitals

In 2020, the total number of outpatient visits and admissions in 
China were 7.74 billion and 2.30 billion, respectively. Between 2010 
and 2019, there was an increase in the number of admissions and 
outpatient visits in all types of hospitals, regions, and almost all 
departments (except for the admissions in the prevention health 
department). Overall, the forecast values of admissions and inpatient 
visits in 2020 were 9.04 billion and 2.80 billion, respectively, 
representing a total decrease of 1.30 billion outpatient visits and 
500 million admissions during the year, corresponding to percentage 
changes of 14.37 and 17.74%, respectively (Figure 1).

In China, public hospitals remain the primary providers of health 
service and were the most impacted by the pandemic, with a 
percentage change of 18.55% (635.78 million) outpatient visits and 
19.64% (36.25 million) admissions in 2020. Conversely, admissions in 
private hospitals and outpatient visits in primary hospitals were 
relatively less impacted, with percentage changes of 12.47% 
(539.28 million) and 11.58% (50,100), respectively. Traditional 
Chinese medicine (TCM) hospitals had smaller reductions in 
outpatient visits and admissions compared with comprehensive 
hospitals, with percentage changes of 15.68% versus 18.29 and 16.69% 
versus 18.97%, respectively (See Figure 2 for more results).

3.2. Results between different hospital 
departments

Figure 3 displays the outpatient service utilization for different 
departments. Except for the preventive medicine department, which 
had a higher than predicted value of outpatient visits in 2020, all other 
departments had fewer numbers of outpatient visits by 
321.83 thousand to 208.69 million in 2020. Among them, internal 
medicine, pediatrics, and general medicine departments had  
the largest reductions, of 208.69 million, 198.99 million, and 
136.85 million, respectively. Pediatrics, otolaryngology, and 

dermatology were the top three departments based on percentage 
change, with reductions of 35.15, 23.34, and 20.64%, respectively. 
Conversely, the change rates in oncology, infectious diseases, and 
preventive health care were 4.77, 1.93%, and-11.97%, respectively, 
indicating that they were less affected by the pandemic.

Figure  4 illustrates the impact of the pandemic on hospital 
admissions in different departments. The actual number of admissions 
in all departments was lower than predicted, with reductions ranging 
from 10.20 thousand to 14.50 million. Among them, internal 
medicine, pediatrics, and surgery were the three most affected 
departments, with reductions of 14.50 million, 8.70 million, and 
6.50 million, respectively. However, the internal medicine and the 
surgery departments had the lowest percentage changes among those 
of all departments, at 5.21 and 9.72%, respectively. The top three 
departments with the highest percentage changes were occupational 
medicine, 33.99%; psychiatry, 31.46%; and general medicine, 26.27%. 
Additionally, the infectious diseases department, which is directly 
related to COVID-19, also had a reduction of 1.1841 million, with a 
percentage change of 9.89%.

3.3. Results between different regions

The findings indicate that the actual number of outpatient visits 
in all provinces in 2020 was lower than estimated, with reductions 
ranging from 809.90 thousand to 197.59 million and a percentage 
change of 0.59 to 29.96% (Supplementary Table S2). Beijing, 
Heilongjiang, Tianjin, Guangdong, and Liaoning had percentage 
changes of more than one-fifth, at 29.96, 25.20, 22.23, 21.38, and 
20.78%, respectively. In contrast, the impact of the epidemic on 
outpatient visits in Anhui, Hainan, and Tibet were relatively less, with 
percentage changes of 0.59, 2.03, and 4.47%, respectively (Figure 5A).

In Figure  5B, the number of admissions in the provinces 
decreased by between 106,710 and 4,226,794, except for Tibet, 
whose number of admissions increased by 25.49 thousand. The 
percentage changes in China revealed that the distribution 
characteristics decreased from north to south and from east to 
west. The number of admissions in Heilongjiang (43.20%) 
decreased by nearly half, and that in Beijing (37.69%) decreased by 
more than a third. In addition, the percentage changes in hospital 
admissions in Tianjin (27.04%), Jilin (26.90%), Hubei (29.18%), 
and Xinjiang (29.07%) were over a quarter. In contrast, the number 
of admissions in Tibet increased by 8.34%.

3.4. Results of model selection and MAPE

Supplementary Table S1 shows the selection of ARIMA models 
and MAPE values for each time series. The results indicate that the 
ARIMA (0,1,0) model is the most appropriate for the majority of 
health service utilization data sets, implying that only one 
differencing is required to render the time series stationary. 
Moreover, the MAPE values for the prediction models for total 
admission and outpatient service utilization are found to be 1.68 and 
1.78%, respectively. Additionally, the MAPE ranges of the ARIMA 
prediction models for different types of hospitals, departments and 
regions are 1.36–3.66%, 0.76–10.47% and 0.95–10.38%, respectively. 
See Supplementary Table S1 for other details.
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4. Discussions

The COVID-19 pandemic has wrought significant disruption to 
the normal social order worldwide in its first year. To our knowledge, 
this study represents the first attempt to investigate the impact of the 
first year of the pandemic on health service utilization in China, based 

on real-world data. The study reveals several key findings. First, the 
number of outpatient visits and admissions in China decreased by 
14.37 and 17.34%, respectively, in 2020. Second, health service 
utilization was adversely impacted to varying degrees across virtually 
all types of hospitals, departments, and regions. Third, there was a 
reduction of more than a third outpatient visits in the pediatrics 

FIGURE 1

Actual and forecast values of overall health service utilization in 2020.

FIGURE 2

The difference between the forecast and actual health service utilization in different types of hospitals in 2020 and its percentage change.
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department and admissions in the occupational medicine department. 
Fourth, Beijing and Northeast China were among the regions whose 
health service utilization was most affected. These results provide 
quantitative evidence of the pandemic’s devastating social impact.

Comparing our findings to those reported in other countries can 
shed light on the global scope and patterns of pandemic-related 
disruptions in health service utilization. A growing body of literature 
has documented the negative effects of the COVID-19 pandemic on 
health services access and utilization in various settings. For example, 
a recent study from UK found that health service utilization decreased 
by 70% and respiratory system disease treatment services by 42% 
during the first wave of the pandemic. (9) Another study in Yemen 
reported a 10% reduction in surgery and a 4% decrease in medical 
consultation during the early phase of the pandemic in 2020 (16). 
Similar trends were observed in other countries, such as Armenia 
(17), Iran (18), and Italy (19). However, the magnitude and duration 
of the declines varied across countries and healthcare sectors, 
reflecting differences in the pandemic’s severity, public health 
response, healthcare system capacity, and patient behavior. By 
highlighting the similarities and differences between our results and 
those of other countries, we can better understand the multifaceted 
challenges and opportunities for healthcare delivery and policy during 
and beyond the pandemic.

In China, the impact of the COVID-19 epidemic on the 
utilization of health services are multifaceted and can be attributed 

to two dimensions. First, the direct impact of the epidemic. At the 
onset of the outbreak, the lack of knowledge about the transmission 
and virulence of the novel coronavirus resulted in the destruction 
of the local health service system. Consequently, the government 
dispatched a large number of health staff from hospitals across the 
country to assist areas with uncontrolled outbreaks (20). During 
the normalization stage, there were small and controllable 
outbreaks in some cities. Doctors in hospitals were tasked with 
collecting sample from residents for nucleic acid analysis. 
Moreover, the high risk of infection also led to doctors being 
isolated at home or in designated facilities thereby reducing the 
provision of health services in the short term. Second, epidemic 
prevention and control policies have also contributed to the 
challenges in accessing health services. China is one of the few 
countries in the world that implemented a “zero-COVID” policy 
(referring to the government’s efforts to stop the spread of the 
epidemic so that there are no COVID-19 patients at the social 
level) (21). which restricts non-essential outdoor activities for 
residents in endemic areas for at least 2 weeks to contain the spread 
of the epidemic (22). Meanwhile, primary health institutions were 
closed, and only one outpatient department handling patients with 
fever was left to serve COVID-19 patients and suspects (23). There 
are even large hospitals that temporarily closed outpatient services 
to prevent nosocomial infections. These policies created spatial 
barriers to local patients accessing health services. To address the 

FIGURE 3

The difference between the predicted and actual values of outpatient visits in different hospital departments in 2020 and the percentage change in it.
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spatial inaccessibility of health services in endemic areas, some 
hospitals have offered telemedicine services to patients (24, 25). 
Nevertheless, online medical services lack objective diagnostic 
evidence (such as biochemical tests), limiting the medical 
assistance that can be provided to patients.

The impact of the COVID-19 pandemic on health services 
utilization varies across hospital departments and regions. The 

pediatrics department experienced the greatest decline in outpatient 
visits, losing over one-third of its patients in 2020, ranking first 
among all departments. Pediatrics is one of the busiest medical 
specialties in China, and previous studies have reported that 
pediatricians work more intensively than non-pediatricians (26). 
Consequently, the absence of pediatricians due to the epidemic had 
a far greater impact on outpatient services utilization than the 

FIGURE 4

The difference between the predicted and actual values of admissions in different hospital departments in 2020 and the percentage change in it.

A B

FIGURE 5

The percent change in health service utilization by province in 2020, (A) the percentage change in outpatient visits, (B) the percentage change in 
admissions.
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absence of other specialists. Moreover, fears of nosocomial infections 
and complicated procedures (e.g., timely negative nucleic acid test 
report of the coronavirus as a pass to enter the hospital) during the 
pandemic made parents to delay hospital visits for their children 
with non-emergency conditions. However, it is worth mentioning 
that the number of outpatient visits only increased in the preventive 
health department. One possible explanation is that the COVID-19 
outbreak promoted the demand for services such as infectious 
disease prevention, vaccination, and health education in 
this department.

Beijing, as the capital of China, has an abundance of health 
resources and attracts countless patients to seek medical treatment 
annually (27). However, travel restrictions between different regions 
during the early stages of the pandemic resulted in fewer out-of-town 
patients migrating to Beijing for medical treatment, making it one of 
the cities most affected by the pandemic’s impact on health service 
utilization. Additionally, travel restrictions during the Spring Festival 
prevented migrant workers from leaving their hometowns, leading to 
a relatively low decline in health services in labor-exporting provinces 
such as Anhui Province was relatively low. The differences in the 
pandemic’s impact on health service utilization across regions may 
be related to local epidemic prevention and control measures. For 
instance, Tibet, which had only one COVID-19 case in 2020, had a 
larger than predicted number of admissions (8.34%), while 
Heilongjiang, which had more than 1,000 cumulative cases in the 
same year, experienced the greatest decline in admissions 
(43.20%) (28).

The health service utilizations (unoccurring health service 
demands) affected by COVID-19 are objectively divided into 
necessary and non-necessary. For necessary health services, especially 
emergency services, need to be paid attention to and addressed. At the 
policy level, several recommendations can be made to address this 
issue. Firstly, governments should establish a system of barrier-free 
access to health services, including both institutional and spatial 
accessibility, in preparation for potential pandemics. Secondly, doctors 
and nurses, especially pediatricians, should not be  deployed to 
participate in sample collection for nucleic acid analysis unless 
necessary, so that they can focus on their primary healthcare duties. 
Thirdly, telemedicine should be taken full advantage of to improve the 
spatial accessibility of health services. Lastly, primary healthcare 
institutions should not be closed during epidemics, as this can cause 
further strain on the healthcare system.

Several limitations must be considered when interpreting our 
findings. First, China launched healthcare reforms in 2009, and 
since then has issued a series of health policies (29). These policies 
may have influenced the consumption and provision of health 
services, and thus may have affected the accuracy of our ARIMA 
model predictions. Second, the interpretation of our results is 
based on the reports of previous studies and empirical reasoning; 
there may be some bias, and care should be taken when interpreting 
our findings. Third, our study did not consider the impact of health 
service utilization in Fangcang hospitals, where COVID-19 
patients were centrally isolated and treated. Fourth, the accuracy 
of the predicted results is related to the model’s MAPE value, and 
researchers referring to our findings should take these into 
consideration. Fifth, we relied mainly on official data sources that 
may not fully reflect the real-world situation. Lastly, due to the 

time lag of official data publication, this study only examined the 
impact of the 2020 pandemic on health service utilization.

Based on the findings and limitations of this study, we suggest 
several directions for future research. First, future research should 
examine the effects of COVID-19 on the quality of care and health 
outcomes of patients who utilized health services during the 
pandemic. This would provide a comprehensive assessment of how 
the pandemic impacted the quality and effectiveness of health 
service delivery and whether it created any gaps or disparities in 
care. Second, future research should investigate the determinants 
and patterns of health service utilization among specific 
populations, such as elderly people or people with chronic 
conditions. These populations may have distinct needs and 
preferences for health services and may face different barriers and 
risks during the pandemic. This would enhance our understanding 
of their experiences and expectations for health services and 
inform the development of tailored interventions to improve their 
access and satisfaction.

5. Conclusion

The study quantifies the impact of COVID-19 on health services 
utilization in China. In 2020, the actual utilization of admissions and 
outpatient services decreased by about one-sixth and one-seventh, 
respectively, as compared to the values predicted by the ARIMA 
model. The reasons for the impact on health service utilization are 
multifaceted, encompassing the direct effects of COVID-19 and its 
prevention and control policies. In the future, governments must 
establish a mechanism to enhance access to health resources for 
patients in need of health services (especially emergencies) during 
infectious disease pandemics.
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