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Background: The expansion of large hospitals on the medical service market’s supply side has always been 
an intensely debated topic. In this study, we conducted statistical analysis on the natural shock of COVID-19 
to investigate whether the large hospitals will draw health demand from the small hospitals when a supply 
capacity surplus is present, a phenomenon otherwise known as the “siphon effect”.
Methods: We collected the monthly hospital income and service data, including outpatient income, 
inpatient income, number of visits, and discharges, from all public hospitals, from January 2018 to July 2020 
in Shanghai. A difference-in-differences (DIDs) method was applied to analyze the existence of the large 
hospitals’ siphon effect by identifying the differences in the healthcare service market share change between 
large and small hospital groups at the height of pandemic (February and March, 2020) and the postpandemic 
period (April and May, 2020). Case mix index (CMI) was used to verify whether the reduction in healthcare 
amount and market share of small hospitals was due to unnecessary care.
Results: In total, 156 public hospitals, including 46 large hospitals and 110 small hospitals, with an average 
number of beds of 1,079.21 and 345.25, respectively, were involved in this study. At the height of the 
pandemic, the healthcare service volume and revenue in public hospitals in Shanghai experienced a sharp 
decline, especially for large hospitals and inpatient services. Compared to small hospitals at the height of 
the COVID-19 pandemic, large hospitals’ market share decreased significantly in outpatient and inpatient 
services for overall and nonlocal patients (P<0.05). During the postpandemic period, large hospitals’ market 
share increased significantly in outpatient and inpatient services for overall and local patients (P<0.05). This 
increase was more substantial in inpatient services.
Conclusions: Under conditions of the COVID-19 pandemic of higher care-seeking costs in the large 
hospitals, some of the healthcare services typically provided by large hospitals were then supplied by small 
hospitals. Furthermore, the siphon effect of large hospitals could be clearly observed when a supply capacity 
surplus was present and external constraint on patients’ care-seeking behavior was absent.
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Introduction

Hospitals have been the target of health reforms for 
improving efficiency, access and value, and control costs (1).  
In China, public hospitals are a critical part of the healthcare 
system, accounting for 85% of total visits in 2019. In 1949, 
the People’s Republic of China built a three-tier healthcare 
system, and generally, the level of the hospital has been 
strictly associated with its size throughout the country.

Since healthcare reform was initiated in the 1980s, public 
hospitals in China have been required to balance their 
operating expenses and drug sales. Hence, China’s market-
oriented medical reform shifted hospitals from medical 
service providers heavily reliant on financial subsidies 
to profit chasers (2). This induced hospitals to establish 
incentives for capital-incentive investments while ignoring 
human capital and have driven medical staff and patients to 
higher-level hospitals, which has been termed the “siphon 
effect” of higher-level hospitals on lower-level hospitals (3).  
In 2017, the First Affiliated Hospital of Zhengzhou 
University, in central China, was the world’s largest hospital, 
with about 10,000 beds. At least 19 super hospitals—those 
with more than 4,000 beds—have popped up in China in 
recent years.

In 2009, to resolve the issue of “too difficult and too 
expensive to access” in health sector, which, to some extent, 
associated with the profit-chasing of large public hospitals, 
China launched a new comprehensive healthcare reform to 
provide all citizens with equal access to primary healthcare 
(PHC) services with reasonable quality and financial risk 
protection (4). The new reform responded to the public 
discontent with government underfunding by injecting 
massive funding into the health sector. Many policies were 
implemented to deal with the profit-driven hospitals, like 
a zero-makeup policy on drug and medical consumables 
and payment for Diagnosis-Related Groups (DRG) (5). Of 
greater importance, however, was the reconstruction of a 
PHC-based integrated delivery system (6).

Unfortunately, despite the increase in funding, the 
share of outpatient visits at PHC centers have decreased 
in relation to tertiary hospitals,  and the share of 
hospitalizations at tertiary hospitals has increased (7). In 
2019, the tertiary hospitals accounted for 40.46% of total 
beds, 72.16% of total medical revenue, 53.56% of total 
visits, and 49.49% of total discharges (8). Previous studies 
reported the extensive coexistence of congestion in higher-
level hospitals and idle resources in lower-level hospitals, 
even in the same areas in China (3,6,7). This was indicative 

of the resource wasted and low efficiency in China’s 
healthcare system.

The role of the large hospitals in the health delivery 
system is a controversial topic across the globe. Some 
economics-based studies support the larger hospitals’ 
scale effect as substantial, and large hospitals have also 
been associated with lower prices and higher efficiency 
(9-12). The critical role of small hospitals has also been 
noted by authors. Smaller hospitals also can provide high-
quality, safe, care to their local population (13), and many 
studies have asserted that the hospital expansion in China 
is misguided and might harm the PHC-based integrated 
delivery system (14), increase health expenditure, exacerbate 
overtreatment, and erode the trust between patients and 
physicians (15), etc.

Contrary to the orientation of the PHC-based integrated 
delivery system, patients seem to prefer larger hospitals and 
their better reputation (16,17). In China, this preference 
is also apparent, and easier to observe due to the less strict 
referral system and lax medical insurance restrictions (18,19). 
As a consequence of the preference to large hospitals, those 
patients previously treated in small hospitals could be easily 
drawn to the large hospitals should the large hospitals accept 
them, which is the siphon effect at work. This phenomenon 
is partly a result of supply capacity and the scale of the 
hospital. Thus, it has hard to identify this siphon effect due 
the gradual expansion of hospitals and their supply capacity. 
Although, the expansion was prominent.

However, since December 2019, COVID-19 has spread 
extremely quickly around the world. The pandemic’s tragedy 
has paradoxically produced an opportunity for researchers 
to disclose something that is difficult to identify or prove 
in normal conditions (20). Most Chinese hospitals, which 
were neither located in high-risk districts nor appointed as 
the specialized treatment hospital of COVID-19, suffered 
a huge decrease in medical service volume from 2020 
February to 2020 March—the height of the COVID-19 
pandemic (21-23). Thus, the pandemic suddenly created 
a large surplus in healthcare supply capacity in many 
hospitals. Under this situation, the larger hospitals’ siphon 
effect could be more observable, and whether the poaching 
of health demand from small hospitals to fill the supply 
capacity surplus of larger hospitals could potentially be seen 
on a much larger scale.

In this study, based on all public hospitals’ health service 
data in Shanghai, we constructed difference-in-difference 
(DID) models for the novel conditions of COVID-19 to 
investigate whether the larger hospitals poached health 
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demand from the small hospitals.
We present the following article in accordance with the 

STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2793).

Methods

The characteristics of the healthcare delivery system in 
Shanghai

Shanghai is one of the four direct-administration 
municipalities of China. With 24.28 million permanent 
resident population, Shanghai is a center for finance, 
research, technology, manufacturing, transportation, and 
healthcare in China. By the end of 2019, there were 387 
hospitals and 77.7 thousand doctors in Shanghai, servicing 
171.75 million visits and 4.60 million discharges (available 
online: http://wsjkw.sh.gov.cn/tjsj2/20200724/6ac31287f7
074c869f563fefe79c75d3.html), mostly provided by large 
hospitals. Additionally, as a healthcare center in China, 
Shanghai plays a significant role in providing healthcare 
service to nonlocal patients (24). In 2018, Shanghai 
provided 6.67% visits and 29.24% discharges to nonlocal 
patients, accounting for 14.65% of the total expenditure, 
with 76.65% of the visits and 83.05% of those discharges 
being provided in tertiary hospitals, these are typical large 
hospitals in China (25).

The temporary supply surplus of hospital service capacity 
during the COVID-19 period and study design

Given the population mobility restrictions among the areas 
afflicted with the COVID-19 pandemic (26), the healthcare 
volume of tertiary hospitals decreased more than the other 
lower-level hospitals, especially for the nonlocal types. In 
our previous study, we have found that, from February 2020 
to May 2020 in public hospitals in Shanghai, the number of 
visits and discharges of all public hospitals fell dramatically, 
compared to the same months in 2019 (Figure 1) . 
Consequently, the pandemic lead to a sudden and massive 
healthcare supply capacity surplus for all public hospitals in 
Shanghai (27).

To explore the siphon effect of large hospitals, we divided 
the all hospitals into two groups according to each hospital’s 
grade information on January 2020: the large group 
(tertiary) and the small group (nontertiary). In Shanghai, 
the tertiary hospitals were given more resources and more 
helpful policies as compared to the small hospitals.

The market shares of hospitals of each were relatively 
stable before the sudden shock brought by the COVID-19 
pandemic. Thus, the market share change at the height of 
the COVID-19 pandemic of the large hospitals, compared 
to the small ones, was investigated to identify the market 
share change under a sudden shock with certain control 
measures. Further, as siphon effect only can be clearly 

Figure 1 The public hospitals’ outpatient income, discharge income, number of visits, and number of discharges, from January 2020 to 
December 2020, compared with the same months in 2019. The public hospitals in Shanghai suffered a terrible shock during the COVID 
pandemic period. The X-axis denotes the month and the Y-axis represent the yearly increase ratio of that value in 2020.
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observed with a substantial height difference between 
top and bottom of the down pipe, the poaching behavior 
of large hospitals from the small hospitals can be better 
observed with a substantial healthcare supply capacity 
surplus in the large hospitals and no specific restriction, like 
mobility control measures, on the patients’ selection (like 
water in the pipe). Thus, the treatment group was identified 
to be the large hospitals during the postpandemic period, 
considered to be between April 2020 and May 2020 in this 
study, according to the schedule of COVID-19 control 
measures in China.

Hospitals selected and data source

We chose all public hospitals [159] as the basic sample used 
in this research from 387 hospitals in Shanghai. These 
hospitals were chosen because the public hospital is the 
main player in the healthcare market in China (3,6). These 
public hospitals accounted for 89.10% of total visits and 
89.64% of the hospitalization service in 2019 in Shanghai. 
Each public hospital has 566.19 mean beds, and there 
are 23 hospitals with at least 1,000 beds. Furthermore, to 
guarantee the data quality and consistency of measurement 
methods, hospitals with noncontinuous data from January 
2018 to July 2020 were excluded.

To determine the presences of the siphon effect, or to 
verify whether the large hospitals poached patients from the 
small hospitals, longitudinal monthly hospital healthcare 
service data from January 2018 to July 2020 were examined. 
All hospitals’ data were collected from the China Statistical 
Survey of Health Resources and Services Program (SHRSP), 
which has kept records of monthly hospital economic 
operation data from 2007 onward (http://www.nhc.gov.cn/
bgt/pw10709/200709/c2f58da8d8754fe09f3b364da335b9
5f.shtml). We obtained the data from Shanghai Municipal 
Health Commission.

Outcomes measurement

The market shares of healthcare service indicators, 
including outpatient income, discharge income, numbers 
of visits, and discharges of each hospital in each month, 
were used as the outcome indicators for the allocation  
of patients in the healthcare service market. The market 
share of a specific hospital-month indicator was expressed 
as the hospital’s level percentage of all hospitals. Due 
to the different care-seeking preferences and the 
interprovince population mobility control policies, we 

collected those market-share indicators from local and 
nonlocal patients.

Statistical analysis

DID models were constructed to analyze the large hospitals’ 
characteristic effect on the healthcare delivery system 
at the height of the COVID-19 pandemic. The change 
was identified by the differences in market share change 
between the large and small hospitals. Based on our data 
source, the DID model study was constructed as follows:

 1 2 3 4

1
0

1 2020
0

ti,t i i t i t i i i,t m 

m
i

t

RS + treat + pandemic + treat *pandemic type + , i=h  

   if  hospital  h  belongs to large group for individual h
treat

   otherwise

   if  t=
pandemic

   otherwise

α β β β β λ µ ε+ +

=
= =

=
= =

= +

[ ]
[ ]

[ ]

1 159

2 3

2018 2019 2020

  

h = hospital id , h ,

m month id , m ,

t year id , t , ,

∈

= ∈

= ∈
 [1]
where RSi,t stands for a series of the outcome indicators 
mentioned above. The outcome indicators in different 
hospitals in the same month were taken as different 
individuals to eliminate the monthly effect in the healthcare 
market. Treati is a dummy variable that has a value of 1 if 
a sample belongs to the large hospitals group; pandemict 

is an indicator variable for which a value of 1 indicates the 
worst period of COVID-19 in China, specifically February 
2020 to March 2020. The key explanatory variable was 
treati*pandemict, which denotes the sample belonging to 
the large hospitals and being afflicted by the Nationwide 
spread of COVID-19 pandemic. The associate parameter 
β3, denotes the relative changes of the market share of large 
hospitals compared to the small ones under the epidemic’s 
shock. Typei is a categorical variable, controlling for the type 
of each hospital. In this study, the hospitals were divided 
into three categories: general hospitals, traditional Chinese 
medicine (TCM) hospitals, and specialized hospitals. Thus, 
in the process of regression, the variable typei is replaced by 
two dummy variables.

A similar set of DID models was used to verify whether 
the large hospitals poach patients from the small hospitals 
via an analysis of the differences between the market share 
changes of large and small hospitals during the post-
pandemic period, that is, from April 2020 to May 2020. The 
basic models were built as follows:

http://www.nhc.gov.cn/bgt/pw10709/200709/c2f58da8d8754fe09f3b364da335b95f.shtml
http://www.nhc.gov.cn/bgt/pw10709/200709/c2f58da8d8754fe09f3b364da335b95f.shtml
http://www.nhc.gov.cn/bgt/pw10709/200709/c2f58da8d8754fe09f3b364da335b95f.shtml
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1 2 3 4 ti,t i i t i t i i i,t mRS treat ppandemic treat *ppandemic type , i=hα β β β β λ µ ε+ + + + + + +=

 [2]
RSi,t, treati, typei, i, and k have the same denotations 

as in Eq. [1]. The month id m indicates April and May 
in Eq. [2]. The ppandemict is the postpandemic period, 
which refers to 2020 in this study. Thus, the parameter 
β3, which is associated with the key explanatory variable, 
treati*ppandemict, represents the large hospitals’ market 
share changes after the widespread national pandemic as 
compared to the small ones.

Additionally, an alternative explanation for the increase 
in the large hospitals’ market share during the postpandemic 
period is that the market share reduction of small hospitals 
might have occurred due to the decrease in unnecessary 
medical services, and not due to the siphon effect of 
large hospitals. Generally, medical services provided by 
small hospitals are less complicated and more likely to be 
unnecessary. In this study, the case mix index (CMI), which 
reflects the diversity, clinical complexity, and resource needs 
of all the hospitalizations of each hospital, was used to 
investigate the market share’s association with the reduction 
of unnecessary medical services (28).

A parallel trend is a key assumption that enables 
DID to account for unobserved variables (29,30). We 
were limited to examining only 3 years in this study, and 
probing into other sample periods before the beginning 
of the COVID-19 was not deemed feasible. Instead, to 
characterize the trend before the pandemic, we plotted the 
market share of the large and small hospital groups from 
January 2018 to July 2020.

A value of less than 0.05 was considered statistically 
significant. The Stata software version 16 for Windows 
(StataCorp, College Station, TX, USA) was used for 
statistical analysis.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the registration number of Medical 
Ethics Committee of Shanghai Health Development 
Research Center (No. 2021002). The need for written 
patient consent was waived because of the observational 
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 and the shock of the 
COVID-19 pandemic

Among all public hospitals in Shanghai, three hospitals 
were excluded due to the noncontinuous data. Among the 
total of 156 hospitals, 46 tertiary hospitals were placed 
into a large hospital group, and 110 nontertiary hospitals 
were allocated into a small hospital group. The average 
number of beds of large hospitals (1,079.21±21.79) was 
much higher than that of the small hospitals (345.35±6.10), 
which strongly supports our group classification. Among 
the large hospitals, 24 (52.17%) were general hospitals, 6 
(14%) were TCM hospitals, and 16 (53%) were specialized 
hospitals. Additionally, the small hospitals included a lower 
ratio of general hospitals (43, 39.09%) and a higher ratio of 
specialized hospitals (53, 48.18%; P<0.01). Furthermore, 
4,836 hospital month year observations were included in 
this study.

Overall, after the COVID-19 outbreak, both the 
healthcare service volume and revenue experienced a 
sharp decline for public hospitals in Shanghai, especially 
in February 2020 and March 2020, at the height of the 
pandemic (Figure 1). Healthcare revenues did not recover 
until June 2020, while healthcare volume did not recover 
for the entirety of 2020.

Specifically, at the height of COVID-19 in China 
(February 2020 to March 2020), all public hospitals in 
Shanghai suffered severe shock. The hospitals’ average 
decrease percentage in total medical revenue, outpatient 
income, number of visits, discharge income, and number of 
discharges ranged from 34.03% to 47.3%, while the large 
hospitals’ reduction ratios were significantly higher than 
those of the small hospitals (P<0.05; Table 1). Notably, the 
average change percentage of the market share of those 
hospitals was positive. That is, for most hospitals, their 
market share increased during this period. This means, 
most small-scale hospitals’ market share increased, while 
a smaller portion of large-scale hospitals’ market share 
decreased. For the market share of the number of visits, 
discharge income, and number of discharges, the small 
hospitals’ average increase rate was significantly higher than 
that of the large hospitals (P<0.05).

Conversely, during the postpandemic period (April 
2020 to May 2020), the recovery of healthcare services in 
large hospitals was better than that of the small hospitals, 



Chen et al. Impact of large hospital expansion

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1297 | https://dx.doi.org/10.21037/atm-21-2793

Page 6 of 14

Table 1 The average month health service outcomes change percentage of sample hospitals in the pandemic (February 2020 to March 2020) and 
postpandemic (April 2020 to May 2020) period in 2020 compared to the corresponding month in 2019

Outcome variables All hospitals (n=156) Large hospitals (n=46) Small hospitals (n=110) P value

Pandemic period: February to March

Total medical revenue −37.96 (28.08) –42.56 (18.93) –36.04 (30.95) 0.06

Outpatient income –34.03 (30.84) –36.96 (18.59) –32.81 (34.66) 0.28

Number of visits –46.33 (24.01) –51.28 (14.54) –44.27 (26.75) 0.02

Discharge income –34.92 (27.7) –44.19 (20.98) –30.49 (29.42) <0.01

Number of discharges –47.3 (23.06) –52.7 (15.04) –44.77 (25.62) 0.01

Market share of outpatient income 5.07 (49.8) 0.19 (29.7) 7.11 (56.02) 0.27

Market share of number of visits 11.81 (52.22) 0.79 (29.8) 16.4 (58.55) 0.02

Market share of discharge income 17.03 (49.9) –0.47 (36.75) 25.4 (53.18) <0.01

Market share of number of discharges 8.16 (46.88) −3.18 (30.15) 13.46 (52.15) 0.01

Post pandemic period: April and May

Total medical revenue −12.19 (21.9) −10.3 (13.48) −12.98 (24.56) 0.32

Outpatient income −13.36 (21.66) −10.59 (13.29) −14.51 (24.24) 0.15

Number of visits −25.94 (17.09) −24.18 (10.21) −26.67 (19.22) 0.25

Discharge income −10.57 (22.64) −9.55 (14.05) −11.05 (25.78) 0.60

Number of discharges −22.14 (19.83) −14.73 (11.42) −25.61 (21.9) <0.01

Market share of outpatient income −0.79 (24.81) 2.37 (15.12) −2.11 (27.8) 0.15

Market share of number of visits 0.56 (23.22) 2.95 (13.72) −0.43 (26.15) 0.25

Market share of discharge income −1.78 (24.88) −0.66 (15.42) −2.31 (28.33) 0.61

Market share of number of discharges −7.95 (23.53) 0.78 (13.45) −12.03 (26.03) <0.01

according to the average change percentage, although this 
difference was only significant in regard to the number 
of discharges (P<0.01). The market share of each hospital 
began to restore to 2019 levels at this time. Furthermore, 
large hospitals’ market share increased (positive average 
change percentage) compared to the same month in 2019, 
while that of the small hospitals decreased. This may 
indicate that the large hospitals began to poach the market 
share from the small hospitals.

Overall, the difference in change of number of discharges 
between large hospitals and small hospitals was the largest 
and most significant across the pandemic and postpandemic 
period.

The large hospitals suffered more than the small hospitals 
during the pandemic period

Table 2 presents the estimated impacts of the COVID-19 

pandemic on the large hospitals’ market share in comparison 
to the smaller ones. There were 156 hospitals in 2 specific 
months (February and March) across 3 years (2018, 2019, 
2020) involved in the random effect model. Compared 
to the general hospitals, TCM and specialized hospitals 
were associated with lower market share; meanwhile, large 
hospitals were associated with a higher market share in 
total medical revenue (Table S1), outpatients, and discharge 
(P<0.05); the market shares across the hospitals did not 
change significantly during the height of the COVID-19 
pandemic period; and, at the height of the COVID-19, the 
large hospitals suffered more severe shock compared to the 
small hospitals.

In terms of the outpatient service during the COVID-19 
pandemic, the large hospitals’ experienced a significantly 
reduced market share of the outpatient income from the 
nonlocal patients (−0.03; P<0.01), and the share of visit 
numbers from three sources (total, local and nonlocal: 

https://cdn.amegroups.cn/static/public/ATM-21-2793-supplementary.pdf
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Table 2 The COVID-19 pandemic’s effect on the public hospital services’ market shares (156 hospitals examined in February and March in 2018, 
2019, and 2020)

Variables
Outpatient income Discharge income Number of visits Number of discharges

Total Local Nonlocal Total Local Nonlocal Total Local Nonlocal Total Local Nonlocal

Hospital type

TCM −0.233** 
(0.112)

−0.158 
(0.0979)

−0.0751** 
(0.0295)

−0.618*** 
(0.135)

−0.426*** 
(0.0867)

−0.193*** 
(0.0595)

−0.177** 
(0.0820)

−0.112 
(0.0740)

−0.0648*** 
(0.0222)

−0.461*** 
(0.0992)

−0.325*** 
(0.0671)

−0.136*** 
(0.0446)

Specialized  
hospitals

−0.563*** 
(0.0760)

−0.541*** 
(0.0664)

−0.0216 
(0.0200)

−0.617*** 
(0.0918)

−0.509*** 
(0.0588)

−0.108*** 
(0.0403)

−0.611*** 
(0.0556)

−0.585*** 
(0.0502)

−0.0261* 
(0.0150)

−0.568*** 
(0.0673)

−0.521*** 
(0.0455)

−0.0466 
(0.0302)

Treat 1.210*** 
(0.0783)

1.021*** 
(0.0685)

0.189*** 
(0.0206)

1.325*** 
(0.0946)

0.933*** 
(0.0609)

0.392*** 
(0.0419)

1.009*** 
(0.0574)

0.851*** 
(0.0517)

0.158*** 
(0.0155)

1.198*** 
(0.0696)

0.771*** 
(0.0472)

0.427** 
(0.0313)

Pandemic 0.00502 
(0.0136)

0.00593 
(0.0131)

−0.000916 
(0.00377)

0.0308* 
(0.0175)

0.0335** 
(0.0146)

−0.00262 
(0.0118)

0.0192* 
(0.0108)

0.0165* 
(0.00983)

0.00265 
(0.00332)

0.0341** 
(0.0159)

0.0327*** 
(0.0120)

0.00145 
(0.00741)

Treat* 
pandemic

−0.0283 
(0.0251)

0.00633 
(0.0241)

−0.0346*** 
(0.00694)

−0.116*** 
(0.0322)

−0.0146 
(0.0268)

−0.102*** 
(0.0217)

−0.0753*** 
(0.0198)

−0.0442** 
(0.0181)

−0.0311*** 
(0.00611)

−0.122*** 
(0.0294)

0.00456 
(0.0220)

−0.127*** 
(0.0136)

Constant 0.561*** 
(0.0607)

0.531*** 
(0.0530)

0.0293* 
(0.0160)

0.602*** 
(0.0733)

0.507*** 
(0.0471)

0.0949*** 
(0.0323)

0.634*** 
(0.0444)

0.602*** 
(0.0401)

0.0323*** 
(0.0120)

0.597*** 
(0.0538)

0.524*** 
(0.0365)

0.0730*** 
(0.0242)

Observations  
(hospitals* 
month*year)

936 936 936 936 936 936 936 936 936 936 936 936

Number of  
hospitals* 
month

312 312 312 312 312 312 312 312 312 312 312 312

Standard errors in parentheses. *, P<0.1; **, P<0.05; ***, P<0.01. * (in first column) means interaction operator. TCM, traditional Chinese 
medicine.

−0.08, −0.04, −0.03; P<0.05), as compared to the small 
hospitals. Similarly, the COVID-19 pandemic significantly 
reduced the large hospitals’ market shares of discharges 
of all patients and nonlocal patients, but not that of local 
patients. More specifically, the COVID-19 pandemic 
significantly cut down the large hospitals’ market share 
of discharge income in all patients (−0.12, P<0.01) and 
nonlocal patients (−0.10, P<0.01). The same effect was 
observed in the discharge numbers, with the large hospitals’ 
market share decreasing both for overall (−0.12, P<0.01) 
and nonlocal (−0.13, P<0.01) patients.

In brief, the COVID-19 induced a more severe shock 
to the large hospitals compared to the small hospitals, and 
the shock was more severe for the discharge services and 
the nonlocal patients, which are more typically provided by 
large hospitals.

The large hospitals poached patients from the small 
hospitals during the postpandemic period

The estimated effect of the postpandemic on public 

hospitals’ market shares is displayed in Table 3. There 
were 156 hospitals in 2 specific months (April and May) in  
3 years (2018, 2019, 2020) involved in the random effects 
model. Similar to the analysis in the height of the pandemic, 
compared to the general hospitals, the TCM and specialized 
hospitals were more likely to have a lower market share, 
while large hospitals were more likely to have a higher 
market share. However, what we should draw attention to 
is that the postpandemic situation significantly increased 
the large hospitals’ market share of outpatient income, the 
number of visits and discharges (P<0.05) and the medical 
revenue (P<0.05; Table S2).

According to the statistical analysis, during the 
postpandemic period, large hospitals had an average 
0.03% (P<0.01) and 0. 02% (P<0.05) increase in monthly 
market share in outpatient income for total and nonlocal 
patients, as compared to the same months in previous years. 
Furthermore, there was a rise in large hospitals’ market 
share of visit numbers in all patients (0.03%; P<0.01) and 
local patients (0.03%; P<0.05). The postpandemic situation, 
on average, significantly increased the large hospitals’ 

https://cdn.amegroups.cn/static/public/ATM-21-2793-supplementary.pdf
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market share in the number of discharges for all patients 
(0.07, P<0.01) and local patients (0.08, P<0.01), while there 
was no significant impact on the market share of nonlocal 
patients in the discharge numbers.

CMI of large and small hospitals during and after the 
pandemic

One alternative explanation for the dramatic decline in 
healthcare volume and healthcare revenue for hospitals 
to the siphon effect during the pandemic is that people 
cut down use of unnecessary healthcare services to avoid 
getting infected in crowded hospitals. This is consistent 
with the increase in use of internet hospitals and the rise in 
long-term prescriptions in Shanghai. To test whether this 
decline was due to the limiting of unnecessary healthcare 
services, we compared the average CMI from January to 
October between 2019 and 2020, in large hospitals and 
small hospitals. If unnecessary medical service use reduced, 
the CMI in 2020 should have increased significantly.

According to the t-test, there was no significant 

difference in CMI between 2019 and 2020 (P=0.53). 
Specifically, the average CMI of large hospitals was 1.00 in 
2019 and 1.03 in 2020; the average CMI of small hospitals 
was 0.74 in 2019 and 0.76 in 2020. Both groups’ average 
CMI increased in 2020 compared to 2019. However, this 
increase was not significant (P=0.72 vs. P=0.48; Figure 2). 
The increase in ratio of small hospitals (3.08%) was a little 
bit higher than that of large hospitals (2.43%).

Robustness

A potential challenge to the DID strategy was that 
differential changes between large and small hospitals could 
have driven by preexisting differences in the time trends 
of the outcomes. The market share for healthcare services 
from January 2018 to July 2020 for large hospitals and small 
hospitals was depicted in Figure 3. Patients were divided 
into local and nonlocal groups. According to Figure 3, 
from January 2018 to July 2020, the average market share 
of each hospital group was relatively stable both for the 
overall and the local patients, especially for the number of 

Table 3 The COVID-19 postpandemic effect on public hospital services market shares (156 hospitals examined in April and May in 2018, 2019, 
and 2020)

Variables
Outpatient income Discharge income Number of visits Number of discharges

Total Local Nonlocal Total Local Nonlocal Total Local Nonlocal Total Local Nonlocal

Hospital type

TCM −0.206* 
(0.120)

−0.121 
(0.103)

−0.0856** 
(0.0332)

−0.128 
(0.0886)

−0.0521 
(0.0788)

−0.0763*** 
(0.0263)

−0.624*** 
(0.145)

−0.405*** 
(0.0892)

−0.219*** 
(0.0678)

−0.458*** 
(0.105)

−0.298*** 
(0.0636)

−0.159*** 
(0.0542)

Specialized  
hospitals

−0.514*** 
(0.0811)

−0.488*** 
(0.0698)

−0.0262 
(0.0225)

−0.562*** 
(0.0601)

−0.526*** 
(0.0534)

−0.0352** 
(0.0178)

−0.613*** 
(0.0984)

−0.495*** 
(0.0605)

−0.118** 
(0.0460)

−0.563*** 
(0.0711)

−0.499*** 
(0.0431)

−0.0635* 
(0.0367)

Treat 1.251*** 
(0.0831)

1.043*** 
(0.0716)

0.209*** 
(0.0232)

1.051*** 
(0.0616)

0.872*** 
(0.0548)

0.179*** 
(0.0183)

1.377*** 
(0.101)

0.952*** 
(0.0622)

0.425*** 
(0.0473)

1.224*** 
(0.0730)

0.754*** 
(0.0445)

0.470*** 
(0.0377)

Ppandemic −0.0125* 
(0.00642)

−0.0123* 
(0.00644)

−0.000225 
(0.00411)

−0.0109* 
(0.00592)

−0.0126** 
(0.00609)

0.00166 
(0.00265)

−0.00504 
(0.00684)

−0.00149 
(0.00918)

−0.00355 
(0.00838)

−0.0216** 
(0.00867)

−0.0129 
(0.00877)

−0.00870* 
(0.00455)

Treat* 
ppandemic

0.0346*** 
(0.0118)

0.0195 
(0.0119)

0.0151** 
(0.00756)

0.0281*** 
(0.0109)

0.0274** 
(0.0112)

0.000777 
(0.00489)

0.0113 
(0.0126)

0.0268 
(0.0169)

−0.0154 
(0.0154)

0.0685*** 
(0.0160)

0.0796*** 
(0.0161)

−0.0111 
(0.00838)

Constant 0.523*** 
(0.0646)

0.489*** 
(0.0556)

0.0341* 
(0.0180)

0.594*** 
(0.0479)

0.553*** 
(0.0426)

0.0406*** 
(0.0142)

0.585*** 
(0.0783)

0.480*** 
(0.0482)

0.105*** 
(0.0367)

0.587*** 
(0.0566)

0.497*** 
(0.0344)

0.0893*** 
(0.0293)

Observations 
(hospitals* 
month*year)

936 936 936 936 936 936 936 936 936 936 936 936

Number of  
hospitals* 
month

312 312 312 312 312 312 312 312 312 312 312 312

Standard errors in parentheses. *, P<0.1; **, P<0.05; ***, P<0.01. * (in first column) means interaction operator. TCM, traditional Chinese 
medicine.
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Figure 2 The average CMI distributions of 156 hospitals on 2019 and 2020 for large hospitals and small hospitals from January to October. 
For both of large hospitals and small hospitals, their CMI density graph peak right shifted slightly in 2020 compared to 2019. The average 
increase in the ratio for small hospitals (3.08%) was a slightly higher than that of large hospitals (2.43%). Nevertheless, neither of the 
increases were significant. CMI, case mix index.
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visits and discharges. Additionally, the market share showed 
substantial monthly fluctuation. Therefore, we taken a 
hospital in a given month, such as January or February, as 
an individual item in our statistical analysis.

Discussion

The primary findings of this study

Using the hospital-based longitudinal data of all public 
hospitals in Shanghai from January 2018 to July 2020, we 
conducted a study on the short-term surplus of healthcare 
supply capacity in all hospitals due to the COVID-19 
pandemic in Shanghai and compared the market share 
change differences between large hospitals and small 
hospitals during and after COVID-19. We speculated that 
pandemic control measures would affect patients’ care-
seeking preferences and that the postpandemic period 
would see a huge reduction in health service as restrictions 
on patients were lifted.

According to the results presented above, due to the 
shock of COVID-19, all health services were substantially 
reduced, for the whole 2020, which led to a large surplus of 
the health service supply capacity in hospitals in Shanghai 
during this period. Compared to the small hospitals, the 

large hospitals suffered a more severe reduction in market 
share at the height of the pandemic. The reduction was 
more considerable for the discharge services and the 
nonlocal patients. As for the postpandemic period, the 
retaliatory rebounds of the large hospitals’ market shares 
were significant for outpatient income, and numbers of visits 
and discharges, particularly for the overall and local patients. 
This indicates that the large hospitals could have poached 
local patients from the small hospitals to compensate for 
the surplus of the healthcare supply capacity. An alternative 
explanation for the relatively increased market share was the 
reduction of unnecessary health services typically provided 
by small hospitals. However, the comparison of the CMI 
from January to October in 2019 and 2020 indicated that 
this alternative could be rejected.

The health service supply capacity surplus in hospitals due 
to the COVID-19

This study showed that the COVID-19 brought about a 
substantial reduction in the health service of public hospitals 
in Shanghai, same as previous studies on China and other 
counties (21,31-34). Therefore, the large hospitals had a 
massive supply capacity surplus which could be filled by 
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accepting a large number of patients previously treated 
in small hospitals; that is, the large hospitals resorted to 
poaching patients from the small hospitals. The massive 
supply capacity surplus is the precondition for the obvious 
siphon effect. This reduction, which persisted for the 
entirety of 2020, might have been the result of a number 
of causes, those have been discussed in our previous 
study (27). Including the population control measures, 
treatment postponed, changes in the disease’s spectrum 
during this pandemic period and the reduction on potential 
overtreatment. The potential existence of treatment 
postponed may lead to terrible health lost to patients in 

need (31,32). It indicated that the health care suppliers 
should establish a quick response mechanism to prevent 
from those lost due to the future nature shock.

Large hospitals lost their market share under the 
COVID-19 pandemic conditions

We found that large hospitals’ market share in healthcare 
service reduced more than that of the small hospitals at 
the height of the COVID-19 period. Different from the 
nonlocal health demand, the number of local residences 
in Shanghai was relatively stable. In the local market, we 

Figure 3 The average market share of large hospitals [46] and small hospitals [110] from January 2018 to July 2020 according to visits and 
discharge healthcare services for total, local, and nonlocal patients. For both the outpatient service and discharge service, the market share 
distribution between the large and small hospitals for total and local patients was more stable than that for the nonlocal patients. In the 31 
month-year depicted in the figure, the market share was relatively stable, but fluctuated at the height of the COVID-19 pandemic beginning 
in February 2020.
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did observe the significant market share shift from large 
hospitals to small hospitals in the health services for the 
outpatient services. This suggests that the small hospitals 
served the patients that used to be treated in the large 
hospitals. However, this change might have only been 
relevant for minor diseases that can be treated by outpatient 
services. It remains us to reconsider the rationality of the 
market share of the healthcare delivery system in China.

Under normal conditions, most patients in China prefer 
to visit large hospitals even for common and minor illnesses, 
as they can freely choose which doctors and medical 
institutions to visit (18,19,35). These might be due to the 
COVID-19 pandemic increasing the care-seeking cost of 
large hospitals, which may include the risk of being infected 
and transportation convenience (18). This suggests that a 
way to change the current healthcare delivery system into 
a PHC-based system is by increasing the cost gap between 
large hospitals and small hospitals.

The comparison of the market share of the local and 
nonlocal patients proves the presence poaching behavior

In this study, we found that large hospitals took the market 
share of health service from the small hospitals during the 
postpandemic period when there was a surplus in their 
healthcare supply capacity and a large amount of patients 
served by small hospitals. During the post-COVID 19 
period, the significant market share shifts of local patients 
from small hospitals to large hospitals on outpatient and 
inpatient services volume were observed. The shift was 
more substantial for discharge services and surgery services. 
This may have occurred due to patients being more likely 
to choose larger hospitals when they needed more complex 
treatment (18,35). This means the patients might be more 
likely to choose larger hospitals for conditions perceived 
to be nonminor diseases. As there was no strict referral 
system and a lax medical insurance restriction, the patients 
can choose which doctors and medical institutions to visit 
freely (18,19,35). Before the pandemic, the large hospitals 
in China were always crowded, and some patients left these 
hospitals due to this crowding (3).

The differences in market share changes in the local 
patients and the nonlocal patients supported the existence 
of this poaching phenomenon (i.e., the siphon effect). 
Different from the local patients, who chose small hospitals 
and large hospitals for their minor diseases and severe 
diseases, respectively, most nonlocal health services are 
usually provided by large hospitals (24,25). There was no 

available nonlocal patient resources for large hospitals to 
poach after the control measures were relaxed.

Generally, the large hospitals poached the market share 
from small hospitals, by treating the local patients’ minor 
diseases that had previously been treated in small hospitals. 
This was supported by a greater increase in the percentage 
of the small hospitals’ CMI.

The implications of the findings

The pandemic will pass, but its effects will last. Going 
beyond just the cause of disease or death, pandemics 
can impact many areas, chiefly psychological, social, and 
economic ones (36,37). The more important thing is that 
what can be learned from these difficult times. What we 
have in our study might be useful for the construction of 
the PHC-based integrated delivery system for the whole 
healthcare system. First, the existence of unnecessary 
healthcare was clear before the COVID-19 pandemic, 
which provided us a rare opportunity to observe it in a 
real-world scenario (20,38). Further studies should be 
conducted based on the reduction of health services during 
the pandemic to find what should be eliminated and what 
should be made up to improve patients’ health. Second, the 
patients that used to be served by large hospitals turned to 
seek healthcare service from small hospitals under pandemic 
conditions, which was a desirable change to construct the 
PHC-based integrated delivery system. It showed that 
changing the factors affecting patients’ care-seeking cost, 
such as transportation convenience and cost of referral, 
would be one plausible way to reduce unnecessary treatment 
and improve the hierarchical diagnosis and treatment 
model. Finally, some caution should be held on the 
unreasoning health expansion and even the ongoing hospital 
vertical integration under governmental intervention and 
the emergence of much large hospitals under the existence 
of the “siphon effect”. This point was mentioned in the 
previous official document and study (3,39).

Strength and limitations

The siphon effect has long been discussed, but no statistical 
analysis has been conducted to verify the existence of this 
effect. Like a ghost, everyone talks about it, but no one has 
yet proven its existence. This paper conducted a statistical 
analysis on the natural experiment of COVID-19 to confirm 
the existence of the siphon effect: large hospitals do poach 
patients from the small ones if they have a supply capacity 
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surplus. Our findings can serve as a powerful evidence to 
be considered when discussing the ideal size of hospitals, 
especially in countries like China which do not have strict 
referral restrictions.

Nonetheless, some limitations were unavoidable in this 
study, and are described below. First, the statistical model 
was modified from the traditional DID model, but both the 
control group (small hospitals) and the treated group (large 
hospitals) were affected by the pandemic. The effect we 
intended to analyze is the patient-absorbing ability of large 
hospitals compared to the small hospitals under COVID-19 
pandemic conditions, rather than the effect of COVID-19 
itself. Thus, there was little doubt concerning the validation 
of the model we used. However, a better choice would be 
to choose large hospitals with no health service capacity 
surplus as the control group. However, due to the real-
world situation, it was too difficult to obtain data in this 
manner. A second limitation was the number of years: 
the sample we used was short panel data, so the pseud-
model constructed could note include alternative months 
as the intervention period. Third, the monthly CMI we 
presented is the average level of each month rather than 
the original CMI level of each hospital in each month due 
to the availability of data. The nonchanged CMI during 
this period could only be used to reject the assumption of a 
reduction in unnecessary health service and not help prove 
that large hospitals directly poach minor-issue health service 
seekers from the small hospitals.

Conclusions

In this study, we found a dramatic reduction in all healthcare 
services in Shanghai’s public healthcare delivery system 
and a pattern of large hospitals with a large supply capacity 
surplus poaching patients from other small hospitals. On 
the one hand, the market share losses of the large hospitals 
at the height of the COVID-19 pandemic indicate that 
with higher care-seeking cost in the large hospitals, 
some healthcare services that had been provided by large 
hospitals were supplied by small hospitals. This reminds us 
of the irrationality of the current market share in healthcare 
delivery system. We clearly observed the large hospitals’ 
siphon effect, which means the large hospitals can poach 
patients from small hospitals if they have the supply capacity 
surplus. To reconstruct the PHC-based integrated health 
delivery system, the irrational expansion of large hospitals 
should be controlled and policies should be implemented to 
induce patients to use primary care.
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