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Purpose: Hospitals suffered from a precipitous loss of medical service globally due to 
COVID-19. The tragedy paradoxically produced an opportunity to investigate the patterns of 
change in medical services and revenue in hospitals at different levels when faced with 
a natural shock. This study aims to examine the effects of the COVID-19 pandemic in the 
first half of 2020 on hospital operation in Shanghai.
Methods: We obtained monthly characteristic and operational data of public hospitals 
(N=156) from January 1, 2018, to July 31, 2020, in Shanghai from the China Statistical 
Survey of Health Resources and Services Program. We constructed a set of difference-in- 
differences models to investigate the pandemic (from February 1 to March 31, 2020) and 
post-pandemic (from April 1 to July 31, 2020) effects on operational outcomes in hospitals of 
different levels, including outpatient and inpatient visits, outpatient and inpatient revenue, as 
well as the differential effects on local and nonlocal patients.
Results: There were 46 tertiary hospitals and 110 non-tertiary hospitals involved in this 
study. Compared to a non-tertiary hospital during the COVID-19 pandemic, a tertiary 
hospital averagely experienced substantially more significant losses in outpatient visits 
(57.91 thousand, p < 0.01), inpatient visits (1.93 thousand, p < 0.01), outpatient revenue 
(18.88 million RMB, p < 0.01), and inpatient revenue (30.65 million RMB, p < 0.01) 
monthly. Compared to a non-tertiary hospital in the post-pandemic period, a tertiary hospital 
averagely lost more outpatient visits (18.02 thousand, p < 0.01) from all patients and 
inpatient visits (0.15 thousand, p < 0.01) from nonlocal patients, but was associated with 
higher inpatient revenue (2.24 million RMB, p < 0.01) from all patients and outpatient 
revenue (0.87 million RMB, p < 0.01) from nonlocal patients monthly.
Conclusion: Medical service and revenue for public hospitals in Shanghai dropped pre-
cipitously during the COVID-19 pandemic, but mainly recovered after the pandemic. 
Compared to non-tertiary hospitals, medical services and revenue in tertiary hospitals 
experienced more substantial reduction during the pandemic but had a faster recovery that 
maintained longer during the post-pandemic period.
Keywords: COVID-19, health services research, health utilization, hospital level

Introduction
COVID-19 has spread rapidly around the world since December 2019.1,2 From late 
January to early March 2020, most Chinese hospitals suffered from a precipitous loss 
of medical service.3–5 Since non-critical care, and elective services were postponed 
by public policy regulations, hospital volumes fell. Some hospitals reported a decline 
of over half of the hospital volume at the peak of the COVID-19 pandemic in lots of 
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countries.6–8 As the lockdown in Wuhan was officially 
lifted on April 8, 2020, and most parts of China started to 
reopen, hospital volumes and capacity started to recover 
from the shock caused by COVID-19.

Hospitals in China are classified into three levels based 
on their capability to provide medical service, education, 
and conduct research.9 Primary hospitals often occupy 
fewer than 100 beds and provide local community health 
and rehabilitation services. Secondary hospitals are med-
ium- or small-size regional hospitals (often 100 to 1000 
beds) that provide comprehensive medical care to patients 
and refer patients with complex diseases to tertiary hospi-
tals. Tertiary hospitals are often large medical centers with 
specialist medical services and are allowed to offer med-
ical care of various complexity.

Since hospitals of different levels have substantial dif-
ferences in funding, policy support, human resource, and 
medical equipment, they are hypothesized to manifest 
different patterns of medical services and revenue when 
faced with a natural shock such as COVID-19. It is valu-
able to examine the short- and long-term pattern of hospi-
tal volume change and operation after the COVID-19 
pandemic, as a better understanding can inform the plan-
ning and recovery of health systems hit by COVID-19 
around the world.10,11

Shanghai is an eastern Chinese megacity with over 
24 million residents. It is one of China’s major transporta-
tion hubs, which makes it susceptible to an airborne trans-
mitted disease like COVID-19. Since 2007, the China 
Statistical Survey of Health Resources and Services 
Program (SHRSP) regularly collects monthly-aggregated 
hospital operational data. In this paper that leverages the 
breadth and depth of the SHRSP, we aim to examine the 
effects of the COVID-19 pandemic in early 2020 on public 
hospital operation in Shanghai, China.

Methods
Data Sources
Datasets in these two steps were both collected from the 
SHRSP. First, monthly hospital-grade level healthcare ser-
vice data from January 2019 to November 2020 were pro-
vided by Shanghai Health Commission, to show the crude 
effect of the COVID-19 pandemic on public hospitals. 
Second, longitudinal monthly hospital-level medical service 
data from January 1, 2018 to July 31, 2020 were used to 
estimate the adjusted effects with regression models. All 
hospital-level data included hospital characteristics and 

economic operation, as well as the records.12 The hospital- 
grade level data were calculated by adding all the hospitals 
in the same grade. Due to the data sharing restrictions, we 
were not able to involve more hospital-level data beyond 
July 2020 in this study. The SHRSP is a nationwide program 
that was initiated by the China National Bureau of Statistics 
in 2007 and conducted by the local Municipal Health 
Commission. This program collects: hospital characteristics 
and operational data; information on healthcare personnel, 
medical equipment, medical records, blood collection, and 
supply data; as well as demographics on discharged patients. 
The hospital- and patient-level data were uploaded in the 
National Health Statistics Network Direct Reporting 
System, which could be accessed with permission from 
local Municipal and National Health Commissions.12 In 
the present study, we obtained data from these levels through 
the Shanghai Health Commission.

Hospital Selection
All 159 public hospitals out of the 387 hospitals in Shanghai 
were included in the initial sample, and this was done for 
two reasons. First, in China,a public hospital is a leading 
player in the healthcare market.13,14 In 2019, These public 
hospitals provided 89.10% outpatient visits and 89.64% 
inpatient visits.15 Furthermore, the bed median of public 
hospitals in Shanghai was 460 (interquartile range [IQR], 
217–782.5), and there were 23 (14.5%) hospitals with at 
least 1000 beds. Second, Shanghai’s public hospitals are 
enrolled in an  unified data collection system, which guar-
antees the data quality and consistency of measurements. No 
hospital changed its tertiary status in our sample, however, 
we further excluded three hospitals (1.89%, 1 tertiary, and 2 
non-tertiary hospitals) from the initial sample with non- 
continuous data from January 2018 to July 2020. Our final 
sample involved 156 public hospitals from Shanghai, includ-
ing 46 (29.5%) tertiary and 110 (70.5%) non-tertiary hospi-
tals (104 secondary hospitals, and 6 primary hospitals).

COVID-19 Pandemic Periods Definition
According to the spread of COVID-19 and the schedule 
of control measures in China, we divided the COVID-19 
epidemic period (from February 1 to July 31, 2020) in 
Shanghai into two periods: pandemic period (from 
February 1 to March 31, 2020) and post-pandemic period 
(from April 1 to July 31, 2020). Firstly, we considered 
the spread situation of COVID-19 in China, especially in 
Shanghai. The COVID-19 epidemic in Chinese pro-
vinces outside Hubei mostly started in late January, 
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reached at peak in early February, and then gradually 
receded since late February.16,17 Secondly, most Chinese 
provinces and cities initiated the top degree major public 
health emergency response mechanism in late January 
and downgraded its local emergency response level 
around March (Shanghai downgraded on March 24, 
2020).17 The emergency response included: improved 
rates of diagnostic testing; clinical management; rapid 
isolation of suspected cases, confirmed cases and con-
tacts; and, most notably, restrictions on mobility.18 After 
downgrading, the population mobility and the control 
measure of the hospitals began to recover quickly. 
Since we only had monthly aggregated data, we could 
not divide January 2020 into pre-pandemic and pan-
demic periods, which would be based on the date of 
lockdown in Wuhan (January 23, 2020). However, in 
sensitivity analyses, we further included January 2020 
into the pandemic period and estimated the effects using 
this broader definition.

Outcomes
The number of outpatient and inpatient visits, as well as 
outpatient and inpatient revenue, were used as the out-
comes. In previous studies that investigated external treat-
ment effects on hospital operation, these four indicators 
served as proxies for overall operational status.19,20 All 
number of visits in the present study were expressed in 
thousands. All revenue was expressed in million Renminbi 
(RMB), and adjusted by Shanghai monthly Consumer 
Price Index (CPI), which was based on January 2018.

As a healthcare centre in China, Shanghai plays 
a significant role in providing healthcare services to nonlocal 
patients, whose permanent residence are not in Shanghai.21 

In 2018, Shanghai provided 6.67% outpatient visits and 
29.24% inpatient visits to nonlocal patients, accounting for 
14.65% of the total revenue. 76.65% of the outpatient visits 
and 83.05% of the inpatient visits were provided in tertiary 
hospitals.22 Due to the different care-seeking preferences 
and the interprovincial population mobility control policies, 
we collected operational indicators from local and nonlocal 
patients. The residential information was obtained from the 
home address in patient medical records.

Explanatory Variables
Tertiary hospitals in our sample were taken as the treatment 
group, and the non-tertiary hospitals were taken as the con-
trol group. The corresponding dummy indicator (treat) was 
taken as an explanatory variable in the statistical model to 

represent the difference in healthcare volume between ter-
tiary and non-tertiary hospitals. The pandemic (pandemic) 
and post-pandemic (post-pandemic) dummy indicators were 
included to investigate the pandemic and post-pandemic 
effects on all hospitals in this sample. The interaction term 
of tertiary with pandemic (treat*pandemic) and tertiary with 
post-pandemic (treat*post-pandemic) were the key explana-
tory variables, that denoted the pandemic and post-pandemic 
effects on tertiary hospitals when compared to non-tertiary 
hospitals. Additionally, the hospital type (type) is included 
as a categorical variable to control for differences in hospital 
volume and revenue across different types of hospitals. The 
sample hospitals were divided into three categories: general 
hospitals, specialized hospitals, and traditional Chinese med-
icine (TCM) hospitals.

Statistical Analysis
Difference-in-difference (DID) models with hospital-level 
and month-level random effect (RE) models were conducted 
to analyse the effect of COVID-19 on tertiary hospitals 
when compared to non-tertiary hospitals that occurred, dur-
ing the pandemic (from February 1 to March 31, 2020). This 
study design is described in Table 1. The parameterization of 
the model is shown in Equation 1.

lnðyi;tÞ ¼ αþ β1treati þ β2pandemict þ β3treati
� pandemict þ β4typei þ ui þ εi;t; i ¼ hm

treati ¼
1;

if hospital h is tertiary hospital
for individual hm

0; otherwise

8
<

:

pandemict ¼
1; if t ¼ 2020
0; otherwise

�

typei¼ðtype1i; type2iÞ

type1i¼ ¼
1;

if hospital h is a specialized hospital
for individual hm

0; otherwise

8
<

:

type2i¼ ¼
1;

if hospital h is a TCM hospital
for individual hm

0; otherwise

8
<

:

h ¼ hospital id; h 2 ½1; 159�
m ¼ month id;m 2 ½February;March�
hm represents h hospital in month m
t ¼ year id; t 2 ½2018; 2019; 2020�

(Eq1) 

Where yi,t stands for the four outcomes: number of out-
patient visits, number of inpatient visits, outpatient rev-
enue, and inpatient revenue. A hospital (h) in the same 
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month (m) in different years (t) was taken as an indivi-
dual (i), to eliminate the monthly fluctuations in the 
healthcare market. The year variable t was taken as the 
time period indicator. Treati is a dummy variable that 
has a value of 1 if hospital h is a tertiary hospital for 
panel id i. The month does not need to be taken into 
consideration because there was no hospital that chan-
ged its tertiary and non-tertiary levels, from January 1, 
2018 to July 31, 2020. Pandemict is an indicator vari-
able for which a value of 1 indicates the COVID-19 
pandemic period. The key explanatory variable was 
treati*pandemict, which denotes the tertiary hospitals 
affected by the COVID-19 during the pandemic period. 
The typei is a categorical indicator, controlling for the 
type of each hospital. Thus, in the process of regression, 
the variable typei was replaced by two dummy variables, 
and general hospitals were taken as reference. The coef-
ficient β1 is the average increment of outcomes for 
tertiary hospitals, β2 is the average pandemic effect on 
the outcomes of non-tertiary hospitals, β3 is the differ-
ential impact of the pandemic on the outcomes of 

tertiary hospitals and β4 is the average difference 
between different hospital types. The ui term is 
a vector of the panel id hospital-month’s individual 
random effect, and εi;t is the error term.

A similar set of DID models were conducted to 
analyse the effect of COVID-19 on tertiary hospitals 
compared to non-tertiary hospitals in the post- 
pandemic period (from April 1 to July 31, 2020), as 
shown in Equation 2 (Please see Table 2 for further 
details). All variables and coefficients indicated the 
same meaning as in Equation 1, except for post- 
pandemict, β2 and β3. The post-pandemict is an indica-
tor variable that denotes the COVID-19 post-pandemic 
period. The key explanatory variable was treati*post- 
pandemict, which denotes the tertiary hospitals affected 
by the COVID-19 during the post-pandemic period in 
comparison to non-tertiary hospitals. The coefficient β2 

is the average post-pandemic effect on the outcomes of 
non-tertiary hospitals and β3 is the differential impact 
of the post-pandemic on the outcomes of tertiary 
hospitals.

Table 1 DID Models to Estimate the COVID-19’s Differential Effect on Tertiary Hospitals in the Pandemic Period

Before the Pandemic (Pandemict=0) 
Year=2018, 2019

During the Pandemic 
(Pandemict=1) Year=2020

Difference

Treatment individual (treati=1) 
Tertiary hospitals (h) in month (m) 

(February or March)

α+β1+β4 α+β1+β2+β3+β4 β2+β3

Control individuals(treati=0) 
Non-tertiary hospitals (h) in month (m) 
(February or March)

α+β4 α+β2+β4 β2

Difference β1 β1+β3 β3

Table 2 DID Models to Estimate the COVID-19’s Differential Effect on Tertiary Hospitals in the Post-Pandemic Period

Before the Pandemic 
(Post-Pandemict=0) Year=2018, 2019

After the Pandemic 
(Post-Pandemict=1) Year=2020

Difference

Treatment individual (treati=1) 
Tertiary hospitals (h) in month (m) (April, 

May, June, July)

α+β1+β4 α+β1+β2+β3+β4 β2+β3

Control individuals(treati=0) 
Non-tertiary hospitals (h) in month (m) 
(April, May, June, July)

α+β4 α+β2+β4 β2

Difference β1 β1+β3 β3
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lnðyi;tÞ ¼ aþ β1treati þ β2post-pandemict þ β3treati
� post-pandemict þ β4typei þ ui þ εi;t; i ¼ hm

treati ¼
1;

if hospital h is tertiary
hospital for individual hm

0; otherwise

8
<

:

post-pandemict ¼
1; if t ¼ 2020
0; otherwise

�

typei¼ðtype1i; type2iÞ

type1i¼ ¼
1;

if hospital h is a specialized
hospital for individual hm

0; otherwise

8
<

:

type2i¼ ¼
1;

if hospital h is a TCM
hospital for individual hm

0; otherwise

8
<

:

h ¼ hospital id; h 2 ½1; 159�
m ¼ month id;m 2 ½April;May; June; July�
hm represents h hospital in month m
t ¼ year id; t 2 ½2018; 2019; 2020�

(Eq2) 

A parallel trend is a critical assumption that enables DID 
to account for unobserved variables.23,24 We had only two 
untreated years in 2018 and 2019 that occurred before the 
beginning of the COVID-19 pandemic; thus, we could not 
construct pseudo models for the parallel test. Instead, to 
illustrate such trends among years in the same month, we 
plotted the mean medical services and revenue in tertiary 
and non-tertiary hospital groups from January 1, 2018, to 
July 31, 2020.

Since the official date of lockdown in Wuhan was in 
the latter half of January (January 23, 2020), hospitals 
in Shanghai may have been affected starting from 
this date, and therefore there is controversy over 
whether January 2020 should be included as 
a COVID-19 pandemic period. Consequently, we 
further included January 2020 into COVID-19 period 

in sensitivity analyses. The results were compared with 
the results in Equation 1, to justify the robustness of 
our analysis.

A p-value of less than 0.05 was considered statisti-
cally significant. Stata version 16 for Windows (Stata 
Corp, College Station, TX, USA) was used for the 
statistical analysis. R (version 4.0.5) software was used 
for graphing.

Ethical Considerations
Helsinki declaration for medical research involving human 
subjects was followed. Ethical clearance was obtained 
from Shanghai Health and Development Research Center 
ethics committee (NO. 2021002). A permission letter was 
written for each study hospital and a permission letter was 
taken from the study hospital’s administrator. The need for 
written patient consent was waived because of the obser-
vational nature of this study, the subject can no longer be 
found, and the research project does not involve personal 
privacy or commercial interests.

Results
Characteristics of the Study Hospitals
Characteristics of the study hospitals are shown in 
Table 3. Among the 156 hospitals, the median of 
beds in tertiary hospitals (903; IQR: 610–1390) was 
much larger than that in the non-tertiary hospitals (326; 
IQR,162–536). For the tertiary hospitals, there were 24 
(52.17%) general hospitals, 16 (34.78%) specialized 
hospitals, and 6 (13.04%) TCM hospitals. The non- 
tertiary hospitals included a lower ratio of general 
hospitals (N=43, 39.09%) and a higher ratio of specia-
lized hospitals (N=53, 48.18%) (p=0.00). In total, 3276 
hospital-month observations were included in this 
study.

Table 3 The Characteristics of the Sample Public Hospitals from January 1, 2018, to July 31, 2020, in Shanghai, China

Total (N=156) Tertiary (N=46) Non-Tertiary (N=110) P-value

Beds, median (IQR) 450 (271, 760) 903 (610, 1390) 326 (162, 536) 0.000

Hospital types, n (%)
General hospital 67 (42.95) 24 (52.17) 43 (39.09) 0.000

Specialized hospital 69 (44.23) 16 (34.78) 53 (48.18) 0.000

TCM hospital 20 (12.82) 6 (13.04) 14 (12.73) 0.764

Notes: P-values resulted from two independent samples from the Wilcoxon rank-sum test and chi-square test for continuous and categorical variables, respectively. Values 
were expressed as the median (IQR) and frequency (percentage) for continuous and categorical variables, respectively. 
Abbreviations: IQR, interquartile range; TCM, traditional Chinese medicine.
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Temporal Trend of Operational Data in 
Tertiary and Non-Tertiary Hospitals
Figure 1 presents the temporal trends of operational data in 
tertiary (blue lines) and non-tertiary (red lines) hospitals in 
2019 (dashed lines) and 2020 (solid lines). Tertiary hospi-
tals in Shanghai experienced a larger decline compared to 
non-tertiary hospitals in outpatient visits (−59.27% versus 
−47.55% in February, −48.32% versus −48.25% in 
March), inpatient visits (−59.19% versus −45.16% in 
February, −49.07% versus–43.45% in March), outpatient 
revenue (−44.30% versus −32.74% in February, −35.67% 
versus −38.03% in March), and inpatient revenue 
(−57.32% versus −39.88% in February, −39.53% versus 
−33.07% in March) for February and March 2020, respec-
tively, compared to the same month in 2019 
(Supplementary Table 1).

However, in the post-pandemic period (from 
April 2020 to July 2020), according to the year-over-year 

(YOY) growth ratio, tertiary public hospitals in Shanghai 
showed a faster recovery when compared to non-tertiary 
public hospitals in outpatient visits (−27.16% versus 
−29.14% in April, −24.33% versus −26.46% in May, 
−6.31% versus −10.63% in June, −12.54% versus 
−16.57% in July), inpatient visits (−15.00% versus 
−20.98% in April, −11.07% versus −22.20% in May, 
−4.05% versus −20.98% in June, −4.64% versus 
−20.45% in July), outpatient revenue (−14.96% versus 
−17.51% in April, −11.72% versus −15.42% in May, 
4.88% versus 6.21% in June, −0.23% versus −5.92% in 
July), and inpatient revenue (−10.87% versus −10.09% in 
April, −10.56% versus −10.50% in May, 1.91% versus 
0.69% in June, −1.92% versus −9.29% in July) for April, 
May, June and July 2020, respectively (Supplementary 
Table 1).

Additionally, these temporal trends were different for 
services provided to local and nonlocal patients (Figure 2). 
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Figure 1 The monthly temporal trends of operational data in tertiary (blue lines) and non-tertiary (red lines) hospitals in 2019 (dashed lines) and 2020 (solid lines), from 
January to November, in Shanghai, China. The gray area in the figure indicated the COVID-19 pandemic period in Shanghai (February 2020–March 2020). There are 156 
public hospitals in this analysis, including 46 tertiary and 110 non-tertiary hospitals. The public hospitals’ medical services and revenue in Shanghai suffered a precipitous fell 
during the COVID-19 pandemic period. During the post-pandemic period (from April 1 in 2020), tertiary hospitals rebounded quicker than non-tertiary hospitals, especially 
for the medical revenue.
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Figure 2 The distribution of tertiary and non-tertiary hospitals’ total medical services and revenue attributable to local patients (orange) and nonlocal patients (green), from 
January 2018 to July 2020, in Shanghai, China. There are 156 public hospitals in this analysis, including 46 tertiary and 110 non-tertiary hospitals. Nonlocal patients prefer 
seeking inpatient service in tertiary hospitals in Shanghai. The COVID-19 effect on the medical services and revenue attributable to nonlocal patients was shorter than local 
patients. During the post-pandemic period, the volume and revenue due to nonlocal were relatively stable, while the local part kept increasing, especially for tertiary 
hospitals.
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For the tertiary hospitals: the service provided to nonlocal 
patients decreased more drastically than to local patients 
during the pandemic period; and the rebound for local 
patients during the post-pandemic was more marked and 
maintained for a longer time when compared to nonlocal 
patients, especially for the service volume. As for the non- 
tertiary hospitals: the service provided to nonlocal patients 
accounted for a relatively small proportion of the total and 
had less contribution to overall variation; and its service 
volume and revenue were relatively stable during the post- 
pandemic period.

Tertiary Hospitals Experienced a Sharper 
Reduction of Medical Services and 
Revenue
Table 4 presents the DID point estimates and standard errors 
for effect of the COVID-19 pandemic on operational out-
comes of tertiary hospitals compared to non-tertiary hospi-
tals (please see Equation 1 for further details on the DID 
model). There were 312 hospital-month individuals (156 
hospitals, February and March) in three years (2018, 2019, 
2020) involved in these models. Compared to a non-tertiary 
hospital, a tertiary hospital experienced substantially larger 
losses in outpatient visits (57.91 thousand, p<0.01), inpatient 
visits (1.93 thousand, p<0.01), outpatient revenue 
(18.88 million RMB, p<0.01), and inpatient revenue 
(30.65 million RMB, p<0.01) during the COVID-19 pan-
demic. For all medical services and revenue, the impacts of 
the pandemic on tertiary hospitals were about one-third or 
two-thirds of the total tertiary incremental effects.

Compared to a non-tertiary hospital, a tertiary hospital 
averagely supplied 102.30 thousand (p<0.01) more out-
patient visits and 3.46 thousand (p<0.01) more inpatient 
visits, as well as generated 50.53 million (p<0.01) RMB 
more outpatient revenue and 66.68 (p<0.01) million RMB 
more inpatient revenue. The COVID-19 pandemic aver-
agely reduced 15.38 thousand (p<0.01) outpatient visits, 
0.32 thousand (p<0.01) inpatient visits, 3.66 million RMB 
(p<0.01) outpatient revenue, and 3.63 million RMB 
(p<0.01) inpatient revenue on a non-tertiary hospital. 
Compared to general hospitals, specialized and 
TCM ones were associated with less medical services 
and revenue both for outpatient and inpatient services 
(p<0.01), which was primarily due to the difference from 
local patients. For instance, TCM hospitals were more 
likely to have fewer nonlocal patients and fewer inpatients 
revenue from all patients (p<0.01). However, since tertiary 

hospitals have a higher proportion (52.17%) of general 
hospitals, in comparison to 39.09% of general hospitals 
in non-tertiary hospitals (Table 3), tertiary hospitals were 
associated with higher medical services and revenue.

The Medical Services and Revenue of 
Tertiary Hospitals Rebounded Faster 
Than Non-Tertiary Hospitals in the 
Post-Pandemic Period
Similar to the analysis for the effect of the COVID-19 
pandemic, the impacts of post-pandemic on public hospi-
tals were calculated based on the regression results of 
Equation 2, which were shown in Table 5. There were 
624 hospital-month individuals (156 hospitals, from April 
to July) in three years (2018, 2019, 2020) involved in these 
models. Compared to non-tertiary hospitals, the post- 
pandemic additionally reduced outpatient visits for 
a tertiary hospital by 18.02 thousand (p<0.01) monthly, 
and this was mainly due to local patients (decreased 14.67 
thousand, p<0.01). The post-pandemic period had no other 
significant additional impacts on number of inpatient visits 
in tertiary hospitals when compared to non-tertiary hospi-
tals, which was due to the opposite impacts on local 
patients (increased 0.09 thousand, p<0.1) and nonlocal 
patients (decreased 0.15 thousand, p<0.01). Nevertheless, 
the post-pandemic significantly increased outpatient rev-
enue of tertiary hospitals (average 0.87 million RMB 
monthly, p<0.01) from nonlocal patients and inpatient 
revenue (average 2.24 million RMB monthly, p<0.01) 
from all patients.

The differences in medical services and revenue by 
hospital level and type during the post-pandemic period 
(Table 5) were consistent with the pandemic period esti-
mated results in Table 4. During this period, the COVID- 
19 averagely cut down a hospital 6.86 thousand (p<0.01) 
outpatient visits, 0.15 thousand (p<0.01) inpatient visits 
and 0.63 million (p<0.01) RMB outpatient revenue for a 
hospital. Furthermore, these losses were mainly due to the 
decrease in local patients. The reduction impacts of 
COVID-19 during the post-pandemic period were less 
than it showed during the pandemic period (from 
February 2020 to March 2020).

Specifically, we divided the post-pandemic period into 
two parts: the early post-pandemic period (April and May 
in 2020) and the later post-pandemic period (June and July 
in 2020), to explore the post-pandemic effect on tertiary 
hospitals of different stages. During the early post- 
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pandemic period, the reduction impact of COVID-19 on 
all hospitals, as well as additional reduction in medical 
services and revenue on tertiary hospitals were much 
weaker than that in the pandemic period (Supplementary 
Table 2, Table 4). During the later post-pandemic period, 
those losses kept diminishing, and the post-pandemic even 
boosted outpatient revenue and inpatients revenue for ter-
tiary hospitals (p<0.01) (Supplementary Table 3).

Robustness
A potential challenge for the DID strategy was that differ-
ential changes between tertiary and non-tertiary hospitals 
may be driven by preexisting differences in the time trends 
of the outcomes. To illustrate such trend before COVID-19, 
we plotted the means of outpatient visits, inpatient visits, 
outpatient revenue, and inpatient revenue due to total patients 
and nonlocal patients, respectively (Figure 3). The plots 
include data from the tertiary hospitals (treatment group, 
blue line) and non-tertiary hospitals (control group, red 
line) for 2018 (dotted line), 2019 (dash line) and 2020 
(solid line). The grey area in the figure indicates the 

COVID-19 pandemic period for COVID-19 in Shanghai 
(February 2020–March 2020). The figure provides graphical 
support that the treatment and control groups exhibited 
almost parallel trends in medical service and revenue levels 
among years in the same month before COVID-19’s nation-
wide outbreak in China. This result may predict that the 
differences found for medical services and revenue levels in 
tertiary and non-tertiary hospitals, in the long-term, might 
return to the previous level.

Sensitivity analyses were conducted by incorporating 
January into the pandemic period. There were 468 hospital- 
month individuals (156 hospitals, from January to March) in 
three years (2018, 2019, 2020) involved in the RE models 
shown in Equation 1. The associated estimated effects are 
shown in Table 6. The effects of levels and types of hospitals 
were consistent with the above regressions. However, the 
effects of the pandemic on medical services and revenue for 
all hospitals were slightly smaller in these analyses, com-
pared to the analyses performed during February 2020 to 
March 2020. When compared to non-tertiary hospitals, the 
differential impacts of the pandemic on medical services and 
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revenue in tertiary hospitals were weakened. These results 
support our definition of the pandemic period for COVID- 
19, as well as the estimations for the effects of the pandemic.

Discussion
Based on monthly operational data of 156 public hospitals 
in Shanghai, we found that public hospitals in Shanghai 
experienced substantial losses in medical service and rev-
enue during and after the COVID-19 pandemic in China in 
2020. The DID models revealed that tertiary hospitals 
experienced a significantly larger reduction in medical 
services and revenue during the COVID-19 pandemic in 
February and March 2020 when compared to non-tertiary 
hospitals; however, tertiary hospitals showed a faster 
recovery in medical services and revenue after the 
pandemic.

Our study is consistent with previous reports on hospi-
tal volume change during the COVID-19 pandemic in the 
United States and Germany.8,25 In the United States, at the 
nadir in April 2020, national personal consumption expen-
ditures on health services (not including pharmaceuticals) 
were cut down by 31.9% on an annualized basis.8 This 
was less than the YOY decrease ratio found in February 
for outpatient revenue (41.13%) and inpatient revenue 
(53.05%) in Shanghai. Additionally, according to a study 
that covered 18 German University hospitals, the overall 
inpatient hospital admissions decreased by 35% in weeks 1 
to 4 and by 30.3% in weeks 5 to 8 after the lockdown 
announcement when compared to 2018.25 The decrease 
ratio in this German study was much lower than those 
reported in our study for the first month (February 2020, 
55.11%) and second month (March 2020. 47.48%) after 
the declaration of COVID-19 in Shanghai.

The differential decrease ratio in our study may be 
caused by the characteristics of hospitals. There were no 
community healthcare centres in our sample. Previous 
studies have shown the different reduction ratios in differ-
ent medical service fields. A study from a large nationally 
representative hospitalist group in the United States had 
shown that the declines in non-COVID-19 admissions 
from February to April 2020 was just over 20% for all 
primary admission diagnoses, which was much lower than 
the average nationwide overall medical service and rev-
enue deduction rate.6 In contrast, another US study found 
that the emergency department (ED) visits decreased in 
five sample states in the first months of the COVID-19 
pandemic, ranging from 41.5% to 63.5%, which was much 
higher than the nationwide overall medical service 

deduction rate.26 In this latter study, there was no signifi-
cant difference between the decreases in outpatient and 
inpatient services volume; however, the desrease in ED 
visits was much lower than the outpatient visits in the first 
half of 2020. In other studies from China, the surgical 
cases in Wuhan (epicentre, 94%) and other cities in the 
Hubei provinces (64%) experienced more dramatic 
decreases in February 2020 when compared to the overall 
situation in Shanghai.27 The stroke thrombolysis and 
thrombectomy treatments YOY growth ratio decreased to 
a lower level (26.7% and 25.33%).28 Meanwhile, the 
stroke outpatient visits and inpatient visits YOY growth 
ratios dropped by 36.6% and 27.4%, respectively. These 
decreases were less than the overall situation in Shanghai. 
Additionally, surveys from 46 countries showed that the 
outpatient services recovered slower than the inpatient 
services in stroke and other neurological diseases after 
the pandemic.29 The paediatric visits in a tertiary hospital 
in Zhejiang Province fell to a quarter but recovered 
quickly.4 These differences suggest the effect of COVID- 
19 on hospital operational data may be associated with the 
spread of the epidemic and the the type of diseases (health 
demand). This remains to be tested and awaits further 
research.

Several reasons may explain the dramatic decrease in 
hospital volume and revenue during and after the COVID- 
19 pandemic. First, the draconic population mobility con-
trol measures were implemented in China to mitigate the 
spread of the pandemic,18,21,22 while non-emergency ser-
vices and elective surgeries were postponed or cancelled in 
Shanghai during the pandemic period. Second, some 
patients chose to postpone their treatment to comply with 
the population mobility control measures or to prevent 
themselves from being infected in the hospitals.3,4,30,31 

Third, some health demands might be eliminated by parti-
cular external environmental factors and lifestyles choices 
during the pandemic period. For instance, the air pollution 
reduction during the COVID-19 pandemic has been 
proved to lessen mortality in China and other 
countries.32–34 Living habits, such as popularized mask- 
wearing during the period,35 physical distancing (including 
school closures) and public health messaging (including 
hand hygiene), have been considered to be essential pro-
tective factors for other respiratory infections in previous 
studies.30,36–38 The relatively higher ED visits YOY 
decrease ratio during the pandemic and post-pandemic 
period in Shanghai and other places may also indicate 
a reduction in some accidents.7,26 Fourth, the long-term 
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reduction in health service might suggest some of the 
reduction was for unnecessary overtreatment, both for the 
local and nonlocal patients. Previous studies have reported 
that during the COVID-19 pandemic, patients might avoid 
unnecessary tests, diagnoses, and treatments that would 
cause more harm than good.39,40

The DID models suggested that medical services and 
revenue in tertiary hospitals were cut down much more 
significantly than those in non-tertiary hospitals, which 
could be explained by a few aspects. First, nonlocal 
patients, which were susceptible to the population mobility 
control measures, were more likely to seek medical service 
in tertiary hospitals.22 The differential pandemic effect on 
tertiary hospitals when compared to non-tertiary hospitals, 
during the pandemic period for nonlocal patients is shown 
in Table 4. Second, unnecessary overtreatment, especially 
for the tests and laboratory work, was more likely to be 
supplied by tertiary and large hospitals.39,41 Since the 
crisis caused by the pandemic requires health systems to 
prioritize interventions “that have demonstrated effective-
ness and concrete benefits for patients”, the reduction of 
unnecessary medical service may lead to a more substan-
tial decrease in tertiary hospitals. Third, tertiary hospitals 
tend to be much more crowded than non-tertiary hospitals 
in China,13 which increases the likelihood of respiratory 
transmission. Therefore, patients might choose to seek 
care in their nearby non-tertiary hospitals to reduce the 
chances of being infected in a crowded tertiary hospital or 
on the way to the tertiary hospital during the pandemic 
period.

The COVID-19 pandemic period seemed to have addi-
tional lifting effects on the medical services and revenue of 
tertiary hospitals in the post-pandemic period when com-
pared to non-tertiary hospitals. Operation data indicates 
that tertiary hospitals rebounded faster and maintained 
the rebound for a longer time than non-tertiary hospitals. 
These lifting effects were substantial for medical services 
provided to both local and nonlocal patients. For nonlocal 
patients, most of them sought care in Shanghai, because 
they had more severe disease that required the high-quality 
of medical service that is available at higher-level 
hospitals.22 With the recovery of transportation after the 
pandemic, the demand for medical care among nonlocal 
patients was unshackled, which contributed to a rapid 
increase in the medical services and revenue of tertiary 
hospitals.

Furthermore, our finding that tertiary hospitals recov-
ered at a much faster rate than non-tertiary hospitals in the 

post-pandemic period for local patients may be explained 
in four parts. First, the ease on demand to seek care in their 
nearby non-tertiary hospitals by patients who wanted to 
reduce their chances of being infected in a crowded ter-
tiary hospital or on the way to the tertiary hospital during 
the pandemic period might result in a return of those 
patients to tertiary hospitals. Second, the tertiary hospitals 
may absorb some patients that should be treated in non- 
tertiary hospitals. Because of the enormous reduction dur-
ing the first half of 2020, tertiary hospitals have more 
supply capacity to provide services to additional patients, 
who prefer to seek care in higher-level and larger 
hospitals.42–44 Third, tertiary hospitals may have induced 
a demand for patients to make up for their losses during 
the pandemic. Tertiary hospitals are believed to provide 
high-quality medical care and have a better reputation 
among Chinese residents. The ability to induce unneces-
sary care was associated with information superiority in an 
uncertain medical care market with information asymme-
try, like the medical service market.45,46 Thus, tertiary 
hospitals with better skills were more easily able to induce 
more health demand, which is suggested by the substantial 
increase in average expenditure: with lower visits and 
higher revenues after the pandemic shown in Figure 1. 
Fourth, lower-level hospitals primarily provide ordinary 
or noncompulsory care that may be avoided by patients 
after the pandemic.39 The increase in average expenditure 
may support this explanation: the YOY growths of average 
outpatient expenditure and inpatient expenditure were at 
their highest level since 2006: 15.78% and 9.28%.

As the country where COVID-19 was initially 
detected, China has managed to largely control the pan-
demic rapidly and effectively. While most parts of the 
world are still fighting to control COVID-19, the early 
experience from China could be a good example for coun-
ties that are still in the midst of the pandemic. The dra-
matic reduction of medical services caused by COVID-19 
should be investigated to avoid the worsening of symp-
toms and the rising incidence of other diseases due to 
undertreatment.30,31 We should pay attention to the various 
effects of COVID-19 on different levels and types of 
hospitals, to protect them from an induced demand and 
a potential surge of patients. This should be done in an 
effort to restore medical services according to the normal 
function of each hospital.

There are at least two measures that should be taken to 
prevent the interruption of medical service from a future 
pandemic. Firstly, to improve the serviceability of basic 
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medical institutions, there should be strengthened coopera-
tion among medical institutions at all grades. As discussed 
in this study, the services volume for higher level (larger) 
hospitals decreased more. Lots of patients postpone seek-
ing-care due to pandemic control measures as well as fears 
of higher infection probability in crowded large hospitals 
and with longer traveling distances. If the nearby primary 
hospitals could provide reliable healthcare services, then 
these fears would be eliminated, while complying with 
restrictions placed by control measures. Secondly, to 
establish a quick pandemic response mechanism in hospi-
tals. During the period of COVID-19, many hospitals 
stopped providing normal healthcare services, due to the 
insufficient stock of sanitation supplies, consumables, 
blood, etc., as well as a lacking of quick response manage-
ment protocols for this kind of pandemic.3 The success of 
China’s pandemic control measures were attributed to this 
kind of quick response.47

This paper should be interpreted in view of several 
limitations. First, the statistical model was constructed 
based on the traditional DID model, but both the control 
group (non-tertiary hospitals) and the treated group (tertiary 
hospitals) were affected by COVID-19. However, we 
focused on analysing the differential effect of COVID-19 
on tertiary hospitals compared to non-tertiary hospitals, 
instead of the pure effect of COVID-19. Second, since the 
COVID-19 tests were generally required for patients seek-
ing medical service in hospitals during and after the pan-
demic, we could not evaluate the constituents of the 
revenue. Third, since Shanghai plays a significant role in 
providing healthcare services to nonlocal patients,21 the 
results may not be generalizable to other smaller cities. 
Fourth, we analysed the effects of COVID-19 on hospitals 
but did not have the data to explore the pathway for these 
effects. Moreover, it was unclear from our analysis what 
drove the reduction in medical services and revenue.

Conclusion
The medical services and revenue of public hospitals in 
Shanghai dropped precipitously during and after the 
COVID-19 pandemic, from February to July in 2020. 
Compared to non-tertiary hospitals, tertiary hospitals 
experienced more substantial fluctuation, which was char-
acterized: by a sharper reduction during the pandemic, as 
well as a faster rebound that was maintained for a longer 
time during the post-pandemic period. Particular attention 
should be given to reassure patients in need to obtain 
hospital care adequately and timely. This final note is 

especially vital for those countries still suffering from the 
pandemic or facing the other natural shock.
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