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ABSTRACT

Objective To quantify the overall and dynamic effects of
the implementation of the zero-mark-up medicines policy
on the proportionate revenue generated from medicines,
medical services and government subsidies at Chinese
tertiary public hospitals.
Methods The revenue data of 136 tertiary public
hospitals from 2012 to 2020 and the implementation-time
framework of zero-mark-up medicines policy of these
hospitals were obtained from the institutional survey of the
Handling editor Lei Si
third-party evaluation of the China Healthcare Improvement
►► Additional supplemental
Initiative. The study adopted the time-varying difference-
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in-differences method and combined it with the event
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study approach to estimate the effects of the zero-mark-up
online (http://dx.d oi.org/10.
medicines policy.
1136/bmjgh-2021-0 07089).
Results Following the implementation of the policy, the
proportionate medicines revenue decreased by 3.23%
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(p<0.001); the proportionate medical services revenue
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increased by 3.48% (p=0.001); and the difference in the
proportionate government subsidies revenue was not
significant. In the year of implementation, the proportion
of revenue generated from medicines decreased by
7.76% (p=0.0148); and that from medical services
increased by 8.62% (p=0.0167). The effect of the policy
gradually strengthened thereafter. In 2020, the sixth year
after some hospitals started the implementation of the
policy, the share of revenue generated from medicines
decreased the most by 18.43% (p=0.0151), and that
generated from medical services increased the most by
15.29% (p=0.0219). The share of revenue generated from
government subsidies increased by 2%–5% in the second,
third, fifth and sixth years following implementation
(p<0.05).
Conclusions Although the policy goal of adjusting
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INTRODUCTION
Since the beginning of the opening-up policy
until 2012, the proportion of pharmaceutical





, Yuanli Liu

Key questions
What is already known?
►► Existing evidence of the impact of the zero-mark-up

medicines policy on the revenue of public hospitals
in China mainly includes a small number of sample
hospitals focused on one specific area; only a limited number of large-scale studies have targeted the
county public hospitals in rural areas, and no study
has targeted the urban public hospitals at the national level.

What are the new findings?
►► To our knowledge, this is the first study that target-

ed a nationwide sample of public hospitals across
31 provinces of China and generated additional
evidence about the impact of the zero-
mark-
up
medicines policy based on the quasi-experimental
method.

What do the new findings imply?
►► Although the policy goal of adjusting hospital rev-

enue structure has been achieved, the decrease in
proportionate medicines revenue and the increase in
proportionate medical service revenue do not necessarily mean that a scientific compensation mechanism has been established.

expenditure to total health expenditure in
China has remained above 40%, much higher
than the overall level of 20% of the Organisation for Economic Cooperation and Development countries for a long time.1 2 Chinese
public hospitals relied on revenue generated
from medicines to maintain operation. One
important reason behind this was the long-time
low-pricing policy of medical service, which has
been implemented in the planned economy
period and has been far below the real cost.
Conversely, there was a long-time shortfall in
government subsidy to public hospitals.3 4 To
maintain the operation of public hospitals,
the government allowed public hospitals to
add no more than 15% mark-up on medicines
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by the National Health Commission (NHC) were included
(including general hospitals, TCM hospitals and specialised
hospitals other than MCH hospitals).

METHODS
Setting and participants
This study targeted 136 urban tertiary public hospitals across
31 provinces in China. We selected at least one general
hospital, one traditional Chinese medicine (TCM) hospital,
and one maternal and child health (MCH) hospital from
each province, except Tibet, where only one general hospital
and one TCM hospital were selected. All hospitals managed

Measurements
1. Proportionate medicines revenue=annual medicines
revenue/(annual medicines revenue +annual medical
service revenue +annual government subsidy)×100%.
2. Proportionate medical service revenue (including
consultation, examination and test, surgery, nursing,
bed, disposable medical materials, excluding medicines revenue)=annual medical service revenue/(an-

2

Data source
Data were collected through the facility surveys of the third-
party evaluation of China Healthcare Improvement Initiative carried out in January 2016, 2017 and 2018, and in
February 2019 and 2021. Data that were directly extracted
from the financial settlement system of the hospital health
information system were (1) the annual amount of revenue
generated from outpatient care and inpatient care, respectively; (2) the annual amount of revenue generated from
medicines of outpatient care and inpatient care, respectively; and (3) the annual amount of government subsidy
revenue. We combined the annual amount of total revenue
generated from outpatient care and inpatient care. We
also combined the annual amount of medicines revenue
generated from outpatient care and inpatient care. We
then subtracted the combined annual medicines revenue
from the combined total annual revenue and obtained
the annual medical services revenue (in total amount,
not in detailed components, excluding medicines). In the
Chinese healthcare settings, fees of consultation, examination and test, surgery, nursing, bed, disposable medical
materials and medicines, as well as government subsidy are
the key sources of revenue for public hospitals. A part of
the revenue data of three sample hospitals was not available.
Policy implementation
The 136 sample hospitals implemented the policy progressively, starting in different years from 2014 to 2017. Of
these, 117 hospitals started the implementation during a
month from February to October, and 19 hospitals started
in the month of December. We defined the status of
hospitals as ‘implemented’ in the year when they started
to implement the policy in a month from February to
October, and the status of those as ‘non-implemented’ in
the year when they started to implement the policy in the
month of December. The status of non-implemented was
shifted to implemented in the following year. Except for a
few sample hospitals that implemented the policy as pilots
in their respective provinces, most of the sample hospitals
started the implementation at the same time as the other
hospitals did in the same province. The number of sample
hospitals and the distributions of the types, locations and
affiliations of the sample hospitals are presented in online
supplemental annex 1.
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dispensed from hospital pharmacies and allowed pharmaceutical suppliers to give no more than a 5% discount to
public hospitals.5 However, during the implementation of
these policies, to generate more revenue, public hospitals
formed hidden transactions with pharmaceutical suppliers,
which led to the failure of the normal mechanism of price
competition. The real mark-up on medicines dispensed by
public hospitals used to be more than 40%.6 Public hospitals
also allotted various revenue generation tasks to individual
doctors, which drove overprescriptions and preference for
highly priced medicines.7
To abolish the reliance of public hospitals on the revenue
generated from medicines, China started to implement the
zero-mark-up medicines policy (hereafter referred as ‘the
policy’) and its supporting policies since 2009. The policy
aimed to shift the compensation mechanism of public
hospitals from three financing sources (medicines, medical
services and government subsidies) to two financing sources
(medical services and government subsidy). The adjustment
of the compensation mechanism was intended to change
the financial operation of public hospitals concerning heavy
reliance on revenue generated from medicines. The core
contents of the policy were removal of mark-up on medicines, dispensing of medicines (except herbal medicines)
at the procurement price to patients and strengthening of
government subsidy. Pricing reform of medical services and
refined hospital management to control the cost internally
were additional components of the policy.8 9 The policy
was implemented across China in a stepwise manner. It
was implemented first in public community and township
healthcare centres in 2009 and then expanded to county
public hospitals during 2012–2014. Urban public hospitals
started to implement the policy since 2014. By the end of
September 2017, all Chinese public health facilities implemented this policy.10–14 This study targeted the policy implemented in urban public hospitals. The analyses were based
on the revenue data collected through the facility surveys
of the third-party evaluation of China Healthcare Improvement Initiative conducted during 2016–2021. We quantified the changes in the key revenue structure of medicines,
medical services and government subsidies of 136 urban
tertiary public hospitals across the country before and
after the implementation of the policy. The study aimed to
generate evidence for judging whether the policy goal of
‘establishing a rational compensation mechanism in public
hospitals, adjusting their revenue structure, and changing
their operation mechanism of relying on revenue generated
from medicines’ was achieved.
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Study design
We adopted the time-varying difference-in-differences (DID)
method to estimate the policy effect on the proportionate
revenues of medicines, medical services and government
subsidies, based on the 9-year panel data and stepwise policy
implementation time framework of 136 sample hospitals
from 2012 to 2020. The DID method has been widely used
in policy effect estimates through comparisons between
groups with ‘implemented’ and ‘non-implemented’ status
before and after the implementation. The time-varying DID
method converts the dummy variables of the interaction
term of the traditional DID method into multiple implementation statuses, which enables an identical dummy variable for all observations at any time.15 16 Based on the time-
varying DID method, we adopted a hospital-level fixed-effect
model to control for the effect of the time-invariant characteristics of individual hospitals on the outcome measure. We
also added a time variable to the DID model to fit the two-
way fixed-effect model, which controlled the effect of the
time-varying factors (eg, national economic environment)
on outcome measure.17
Considering that the policy effect might change after
different lengths of time of implementation, we combined
the DID method with the event study approach (ESA) and
set the dummy variable of relative length of time of implementation to estimate the dynamic effect of the policy in
the year of implementation and different years after the
implementation.18–20 Given that the COVID-19 pandemic
in 2020 might also have had an impact on the hospital
revenue structure, and all 136 sample hospitals had already
experienced at least 2 years of implementation of the policy
until 2019, we compared the median revenue structures of
136 sample hospitals. We set the level of statistical significance level at α=0.05 and defined a statistically significant
difference when the p value is <0.05. Data management
and analyses were performed using Excel V.2016 and Stata
V.16.
Cheng H, et al. BMJ Global Health 2021;6:e007089. doi:10.1136/bmjgh-2021-007089

Statistical analysis
We fitted the baseline pooled regression model (model
1) by pooling the proportionate revenue data of the 136
sample hospitals during 9 years. We divided the 136 hospitals into implemented and non-
implemented groups
based on the year in which they started implementing the
policy. Type of hospital (general, TCM, MCH and specialised hospital other than MCH), affiliation of hospital (affiliated to central government and affiliated to local government), location of hospital (eastern, central and western
areas) and identification coding of hospital (coded as
1–31) were included in the model as covariates. Considering that there might be autocorrelations in the measurements of individual hospitals across different time periods,
we adopted hospital ID as the cluster variable and used the
robust SE of the cluster to control the autocorrelations17
as follows:
yit = α + λ ∗ treatit + βXit + εit (model 1)
	
where yit indicates the proportionate venue of sample
hospital i in year t, treatit is the status of he sample hospital
i in year t. We defined the status of ‘implemented’ as 1 and
‘non-implemented‘ as 0. λ denotes the marginal effect of
the policy; Xit denotes the control variables, including the
type of hospital, affiliation of hospital and location of the
hospital. α is the constant term, and εit are random terms.
Although the covariates might help to reduce the
confounding of the characteristics of hospitals, the unobserved characteristics of hospitals could not be controlled.
To further reduce the confounding of the unobserved
characteristics of hospitals, we adopted a hospital-
level
fixed-effect time-varying DID model (model 2)17 and calculated the cluster-robust SE. The new model is as follows:
yit = α + λ ∗ treatit + µi + εit (model 2)
	

Compared with model 1, the term hospital-specific characters μi in model 2 helped to control the confounding
effect of the time-invariant characteristics of the hospital.
The type of hospital, affiliation of hospital and location of
hospital are the inherent characteristics of hospitals, which
were already well controlled in the hospital-level, fixed-
effect model. We removed these covariates in the hospital-
level, fixed-effect model to maintain the conciseness of the
model. To further control for time-varying confounding
factors, we adopted the hospital and time fixed-
effect
model17 18 by including the time effect term γt in model 2 to
convert different years into dummy variables for inclusion
in model 2. Cluster-robust SEs were also calculated. The
new model is as follows:
(
)
yit = α + λ ∗ treatit + µi + γt + εit
model 3 
	
Considering that there might be a legged policy effect in
the real world,21 the initial effect might be small and the
effect might be strengthened long after the implementation. To observe such varied policy effects across a time
span, we added the length of implementation of the policy
as dummy variable in model 3 and combined the time-
varying DID method with ESA to estimate the dynamic
effect of the policy,19 with the new model as follows:
3
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nual medicines revenue +annual medical service revenue +annual government subsidy)×100%.
3. Proportionate government subsidy=annual government subsidy/(annual medicines revenue +annual
medical service revenue +annual government subsidy)×100%.
4. Overall effect of the policy on proportionate revenue (%): overall change in the proportionate revenue between the sample hospitals with implemented
and non-implemented status during the study period
(2012–2020).
5. Dynamic effect of the policy on proportionate revenue (%): changes in the proportionate revenues of
the sample hospitals in their respective policy adoption years (2014–2017) or 1–6 years after the policy
adoption (2015–2020). The year 2012 was set as a reference, which was 2 years ahead of the year when the
first sample hospital adopted the policy, and 5 years
ahead of the year when the largest number of sample
hospitals adopted the policy.
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(

model 4

)

	

Di(t-k) denotes the length of policy implementation, and
we subtracted the year k when sample hospital i started to
implement the policy from year t and obtained Di(t-k). For
example, −1 denotes 1 year before the implementation; 0
denotes the starting year of the implementation; 1 denotes
1 year after the implementation; and so on. βt–k indicates
the policy effect t–k years after the implementation of the
policy. Among the 136 sample hospitals, the earliest year in
which implementation was started was 2014; the latest year
was 2017; and our observation time was from 2012 to 2020.
We were able to estimate the dynamic effect of the policy
from the year of the implementation to 1–6 years after the
implementation by comparing it with the status 1–5 years
before the implementation (the default comparison was
the earliest year before the implementation, that is, 5 years
before the implementation in 2012).
We performed the Wilcoxon signed-
rank tests to
compare the median proportionate revenues of the 136
sample hospitals between 2019 and 2020.
RESULTS
Stepwise implementation of the policy at 136 sample
hospitals
Among the 136 sample hospitals, one general hospital,
one TCM hospital and one MCH hospital from Zhejiang
province started implementing the policy in 2014, the
earliest year. Fifteen sample hospitals implemented the
policy in 2015, covering the provinces of Inner Mongolia,
Ningxia, Fujian, Jiangsu and Anhui. Eighteen sample

Figure 1

4

hospitals implemented the policy in 2016, covering the
provinces of Shandong, Guizhou, Qinghai, Hunan and
Jilin. The other 100 sample hospitals implemented the
policy in 2017 (figure 1).
Estimation of policy effect on the proportionate revenue
Overall effect estimation
As presented in table 1, owing to the unavailability of a
part of data of three sample hospitals, there were a total
of 1210 observations for each outcome measurement.
The results of the pooled regression model (model 1)
showed that, compared with the sample hospitals with
the ‘non-implemented’ status, overall, the proportionate
medicines revenue of those with the ‘implemented’status
decreased by 9.16% (p<0.001); the proportionate medical
service revenue of those with the ‘implemented’ status
increased by 8.86% (p<0.001); and the change in the
proportionate government subsidy revenue was not statistically significant (p>0.05). The results of the hospital-
level fixed-effect model (model 2) were close to those of
model 1; the proportionate medicines revenue decreased
by 9.12% (p<0.001); the proportionate medical service
revenue increased by 8.79% (p<0.001); and the change
in the proportionate government subsidy revenue was
not statistically significant (p>0.05). The results of the
two-way fixed-effect model (model 3) showed a 3.23%
(p<0.001) reduction in the proportionate medicines
revenue, 3.48% (p=0.001) reduction in proportionate
medical service revenue and a change in the proportionate government subsidy revenue with no statistical
significance (p>0.05).

Stepwise implementation of the policy and median proportionate revenues of 136 sample hospitals (2012–2020).
Cheng H, et al. BMJ Global Health 2021;6:e007089. doi:10.1136/bmjgh-2021-007089
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yit = α + βt−k ∗ Di(t−k) + µi + εit
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Model
Pooled regression
model (model 1)

Hospital-level fixed-
effect model (model
2)

Measurement
(yit)

Observations (n)

Coefficient
(λ)

Cluster-robust
SE

P value

Proportionate medicines revenue

1210

−0.0916

0.0058

<0.001

Proportionate medical service
revenue

1210

0.0886

0.0064

<0.001

Proportionate government
subsidy revenue

1210

0.0030

0.0040

0.452

Proportionate medicines revenue

1210

−0.0912

0.0057

<0.001

Proportionate medical service
revenue

1210

0.0879

0.0063

<0.001

Proportionate government
subsidy revenue

1210

0.0033

0.0039

0.398

1210

−0.0323

0.0086

<0.001

1210

0.0348

0.0098

0.001

1210

−0.0025

0.0076

0.740

Two-way fixed-effect Proportionate medicines revenue
model (model 3)
Proportionate medical service
revenue
Proportionate government
subsidy revenue

Dynamic effect estimation
The results of the time-varying DID method combined
with the ESA based on the dynamic effect model
(model 4) are presented in table 2 and figure 2. In the
year of starting the implementation of the policy, the
proportionate medicines revenue decreased by 7.76%
(p=0.0148), and the proportionate medical service
revenue increased by 8.62% (p=0.0167). As the length
of policy implementation increased, the dynamic effect
of the policy strengthened. The dynamic effect reached
the highest 6 years after the implementation, which led
to the proportionate medicines revenue being reduced
by 18.43% (p=0.0151) and the proportionate medical
service revenue being increased by 15.29% (p=0.0219).
There was a 2%–5% increase in the proportionate

government subsidy revenue 2–3 years and 5–6 years
after implementation (p<0.05).
Compared with those in 2019, the median proportionate medicines revenue and the median medical
service revenue of the 136 sample hospitals decreased by
1.68% (Z=−5.71, p<0.001) and 1.75% (Z=−5.50, p<0.001)
in 2020, respectively, and the median proportionate
government subsidy revenue increased by 2.8% (Z=−7.21,
p<0.001).
Sensitivity analysis
The pooled regression model (model 1) regarded the
panel data as cross-sectional data to perform OLS regression. The assumption of the aforementioned analysis
was that there was no individual effect. We adopted the

Table 2 Dynamic effect of the zero-mark-up medicines policy (2012–2020)

Observations (n)

Marginal effect on the
proportionate medicines
revenue

Marginal effect on the
proportionate medical
service revenue

Marginal effect on
the proportionate
government subsidy
revenue

The year of
implementation

1210

−0.0776 (0.0148)***

0.0862 (0.0167)***

−0.0086 (0.0116)

1 year after
implementation

1210

−0.1065 (0.0134)***

0.1077 (0.0151)***

−0.0012 (0.0118)

2 years after
implementation

1210

−0.1304 (0.0124)***

0.1087 (0.0136)***

0.0216 (0.0104)*

3 years after
implementation

1210

−0.1329 (0.0108)***

0.1126 (0.0119)***

0.0203 (0.0089)*

4 years after
implementation

324

−0.1415 (0.0118)***

0.1266 (0.0135)***

0.0149 (0.0096)

5 years after
implementation

162

−0.1694 (0.0125)***

0.1170 (0.0213)***

0.0524 (0.0229)*

6 years after
implementation

27

−0.1843 (0.0151)***

0.1529 (0.0219)***

0.0314 (0.0143)*

Length of policy
implementation

*P<0.05, ***P<0.001.
Cluster-robust SEs are within parentheses.
Cheng H, et al. BMJ Global Health 2021;6:e007089. doi:10.1136/bmjgh-2021-007089
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Table 1 Overall effect of the zero-mark-up medicines policy (2012–2020)
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least square dummy variable model (LSDV) to include
the hospital identification code as a dummy variable in
model 1 to test the individual effect of the sample hospitals.11 The results of the LSDV regression showed that,
except for the omitted observations due to multicollinearity, all other sample hospitals had statistically significant differences compared with the controlled sample
hospital (default as the hospital coded number 1). This
indicates an individual hospital effect. The estimation
based on model 1 might be biased and needed to adopt
the hospital-level, fixed-effect model to reduce the individual effect of hospitals on the policy effect estimation.
6
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Figure 2 Dynamic effect of the zero-mark-up medicines
policy (2012–2020).

The models adopted in this study were based on the
DID method. The most important assumption of the
DID method is the parallel assumption, that is, no statistically significant difference between the sample hospitals in the implemented and non-implemented group
before implementation of the policy, or they had the
same outcome measure trend. Considering that the
earliest year of the sample hospitals to adopt the policy
was 2014, we constructed two pseudo-
implementation
models based on model 3 by assuming that the implementation happened one or 2 years ahead. If the estimate of pseudo-implementation is different from 0, the
trends are not parallel, and the estimation based on
model 3 is likely to be biased.18 As presented in online
supplemental annex 2, the overall effect estimation of
the pseudo-implementation on the proportionate medicines, medical service and government subsidy revenues
had no statistical significance (p>0.05). This implies that
the overall effect model met the parallel assumption.
For the dynamic effect model, we checked the parallel
assumption by comparing coefficient β with 0. β in model
4 is the effect estimation before the implementation.22 As
presented in figure 2, for the proportionate medicines
and medical service revenues, the 95% CI of coefficient β
for effect estimation 2–4 years ahead of the implementation was 0. This indicated that there were parallel trends,
2 and more than 2 years ahead of the implementation.
The effect estimations 1 year ahead of the implementation were −0.0356 (95% CI −0.0682 to −0.0030, p=0.033)
and 0.0453 (95% CI 0.0092 to 0.0813, p=0.014), respectively. This implied that there were statistically significant
differences in the proportionate medicines and medical
service revenues between the hospitals in the implemented and non-implemented groups. The interpretation of dynamic effects should be prudent. To relax the
parallel assumption, we included the province-specific
time trend and region-specific time trend in model 4,
allowed the sample hospitals in different provinces and
(or) regions to have different outcome measure trends
and controlled the time-varying confounding factors at
the provincial and regional levels16 18 in order to reduce
the bias of the estimation. Coefficient β for the effect estimation of proportionate government subsidy revenue
for all years ahead of the implementation was around 0,
which indicated that the parallel trend assumption was
met.
Models 3 a/b and 4 a/b (online supplemental annex
3,4) were fitted by adding the province-specific time trend
term and the region-specific time trend term to the two-
way fixed-effect overall effect model (model 3) and the
dynamic effect model (model 4). The regression results
of model 3 a/b and model 3 were very close to each
other, which implied that the provincial and regional
level time-varying confounding factors had little effect on
the outcome measure, and the overall effect estimation
based on model 3 was reliable. Comparing the regression
results of model 4 a/b with that of model 4, we found
that controlling of the province-specific time trend and
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DISCUSSION
This study adopted the time-varying DID method to estimate the overall effect of the policy on the proportionate
medicines, medical service and government subsidy revenues during 2012–2020 based on the hospital level and
time two-way, fixed-effect model. The study also combined
the DID method with the ESA to estimate the dynamic
effects of the aforementioned outcome measures. Except
that the subgroup analyses based on the location of the
sample hospitals did not reveal statistically significant
changes in the revenue structure in western region,
the results of all the other subgroups drew a consistent
conclusion. This might be associated with the fact that
the number of observation in the western region was
small (377). Overall, the findings of this study, including
the respective significant decrease and increase in the
proportionate medicines revenue and proportionate
medical service revenue, were consistent with each other.
The proportionate government subsidy revenue slightly
increased sometime after the implementation but generally had no statistically significant difference during the
observation period. These findings are consistent with
the findings of two systematic reviews or meta-analysis.23 24
Shi and colleagues18 studied county TCM hospitals across
rural China. Jiang and colleagues25 analysed county
general and county TCM hospitals in rural Shandong
province. Wang and colleagues26 targeted urban tertiary
general hospitals, TCM hospitals and specialised hospitals in Shanghai. Yan and colleagues27 measured urban
tertiary and secondary hospitals in Shaanxi province. All
studies found a reduction in the proportionate medicines revenue.
Cheng H, et al. BMJ Global Health 2021;6:e007089. doi:10.1136/bmjgh-2021-007089

Medicines, medical service and government subsidies
were the main sources of revenue for public hospitals.
When the proportionate government subsidy revenue
was generally unchanged, the proportionate medicines
and medical service revenues were interdependent. From
2012 to 2020, the overall effect of the policy on the proportionate medicines revenue of 136 tertiary public hospitals
across the country was a reduction of 3.23%, which was
lower than the increase of 3.48% from the proportionate
medical service revenue. This implied that the increase in
medical service revenue was faster than the reduction in
medicines revenue, and the former increase was a major
contributor to the change in the public hospital revenue
structure (table 1). The dynamic effect estimate, as
presented in table 2, showed that the reduction effect on
the proportionate medicines revenue (7.76%–10.65%)
was lower than the increasing effect on the proportionate
medical service revenue (8.62%–10.77%) in the year of
implementation and shortly after the implementation. In
a longer run, the reduction effect on the proportionate
medicines revenue (13.4%–18.43%) was higher than the
increasing effect on the proportionate medical service
revenue (10.87%–15.29%). This implies that in the early
stage of the implementation of the policy, the increase
in medical service revenue was the key contributor to
the revenue structure change at public hospitals. With
the full and longer implementation of the policy, the key
contributor to the revenue structure change at public
hospitals shifted to the reduction in medicines revenue.
We assumed that in the early stage of the policy implementation, rising medical service revenue might be associated with the supporting policy of the zero-mark-up
medicines policy, that is, increased pricing of labour-
intensive medical services. However, existing evidence28
showed that, by 2020, the medical service pricing schedules of most of the 31 provinces were not updated
following the national medical service pricing guidelines.
This implies that increased pricing of labour-intensive
medical service might not occur in most provinces. Thus,
we had to consider other drivers. Given that medical
service revenue includes revenue generated from disposable medical materials, tests and examinations with
expensive medical equipment, the policy may drive the
change in medical behaviour, that is, unnecessary highly
priced disposable medical materials with mark-ups, tests
and examinations with expensive medical equipment.
There are several studies about the impact of the policy
on the tertiary and secondary hospitals of Beijing in 2017
which found that the expenditures of inpatients on highly
priced disposable medical materials, as well as those of
outpatients on test and examination with expensive
medical equipment, increased significantly.29 Moreover,
the proportionate expenditures of outpatients on test
and examination with expensive medical equipment at an
oncology specialised hospital significantly increased.30 31
This indicated that some public hospitals intended to
compensate for the missing revenue from medicines due
to implementation of the policy by inflating the use of
7
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the region-specific time trend was helpful to minimise
the estimation bias of the proportionate medicines and
medical service revenues, respectively, due to the difference in the proportionate medicines and medical service
revenues between the hospitals in the implemented and
non-
implemented groups 1 year ahead of the implementation. For the proportionate government subsidy
revenue, we failed to obtain a consistent estimate after
including the province-specific time trend term and the
region-specific time trend term into the dynamic effect
model.
We also conducted the subgroup analyses of the
average treatment effect of the policy based on different
types, locations and affiliations of the sample hospitals.
The results are presented in online supplemental annex
5A-
C, respectively, and they were generally consistent
with each other; that is, the policy led to a reduction in
the proportionate medicines revenue, an increase in the
proportionate medical service revenues and no change
in the proportionate government subsidy revenue. There
were a few exceptions such as the impacts of the policy
on reduction of proportionate medicines revenue and
increase of proportionate medical service revenue were
not statistically significant (p=0.255 and p=0.097).
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these hospitals might change through the spill-over effect
of the policy implemented in the neighbouring hospitals, provinces and regions, and are already prepared
for the upcoming implementation. The parallel trend
assumption could be relaxed by controlling the province-
specific time trend and the region-specific time trend in
the dynamic effect model. The sensitivity analysis results
showed that the dynamic effects on the proportionate
medicines and medical service revenues based on model
4 might be overestimated. There might be provincial-
level, time-varying confounding factors for the dynamic
effect estimation of the proportionate medicines
revenue, and there might be regional-level time-varying
confounding factors in the dynamic effect estimation of
the proportionate medical service revenue. The dynamic
effect model failed to make an unbiased estimation of
the proportionate government subsidy revenue. There
is a need to further analyse and test other time-varying
factors that affect government subsidy revenue.
The results of both the average treatment effect and
dynamic treatment effect estimations (more than 2 years
after the implementation of the policy) did not reveal
a statistically significant increase in the proportionate
government subsidy revenue. Neither the average treatment effect estimation nor the dynamic treatment effect
estimation could specifically reflect the changes in
revenue structure between 2019 and 2020. By comparing
the median revenue structure of the 136 sample hospitals, we found that the median proportionate government subsidy revenue of the hospitals in 2020 was
statistically significantly higher than that of the hospitals
in 2019. This was in line with the evidence that, although
the COVID-19 pandemic in 2020 led to dramatic reductions in outpatient visit and hospitalisation, as well as
total revenue of public hospitals in China, government
subsidy was generally strengthened.37
This study had several limitations. First, the study adopted
a hospital-level, fixed-effect model which controlled the
time-
invariant inherent characteristics of the sample
hospitals to reduce selection bias. However, confounding
variables such as the number of outpatient visits and hospitalisations, hospital beds, staff and fixed assets could not
be eliminated through the hospital-level fixed effect. These
variables should be included in the regression model. An
existing study that estimated the policy effect on county
TCM hospitals across the country18 found that the annual
growth rates of the aforementioned variables did not have
significant effects on the proportionate medicines revenue.
Although this study did not measure the aforementioned
variables, it might not yield an unacceptable biased estimation. However, it would be valuable for future studies to
include the aforementioned variables and to analyse how
the policy changed the absolute amount of hospital revenues like the study conducted by Zhang and colleagues38
in urban secondary and tertiary public hospitals across the
country based on the macroeconomic data of 31 provinces.
The impact on hospital revenue might be associated with
changes in incentives of doctors and hospitals and has
Cheng H, et al. BMJ Global Health 2021;6:e007089. doi:10.1136/bmjgh-2021-007089
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highly priced disposable medical materials, unnecessary
tests and examinations with expensive medical equipment.32 Whether these findings can be extrapolated to
other areas outside Beijing requires further study. The
rising medical service revenue due to such unexpected
medical behaviour changes and overconsumption of
medical resources has become a key contributor to the
revenue structure change at public hospitals, thereby
reducing the proportionate medicines revenue. Thus,
interference in the estimation of policy effect and such
a reduction in medicines revenue and revenue structure
change were not the original expected intentions of the
policy.
The estimated effects based on the different models
varied. The regression result of model 1 was similar to
that of model 2, implying that hospital individual effects
existed. As the sample hospitals were all urban tertiary
public hospitals, such hospital individual effects did not
significantly affect the estimation. The absolute changes
in proportionate medicines and medical service revenues
estimated based on model 3 were smaller than those
based on models 1 and 2. This implies that the time-
varying inherent confounding factors for the proportionate medicines and medical service revenue affected
the estimations based on models 1 and 2. When such
inherent confounding factors were eliminated in model
3, the estimation was closer to the real overall effect.
The overall effect estimations based on models 1–3 for
the proportionate government subsidy revenue were
all with no statistical significance, which indicated that
the proportionate government subsidy revenue did not
increase significantly during the observation time overall.
The policy was implemented stepwise in urban public
hospitals across the country, starting with four waves of
pilots.33–36 The pilots were implemented in parallel across
the eastern, central and western areas. The piloted cities
were selected from those with a middle level of economic
and social development, demographic and scale of public
hospitals within their jurisdictions. After the implementation of the policy, the aforementioned characteristics
of the piloted areas did not change. Thus, the selection
bias was minimised. However, the difference between the
provinces that implemented the policy stepwise, and the
fact that the 136 sample hospitals are all the ones with the
highest quality and reputation in their respective specialisations in each province, may restrict extrapolation of the
results of this study.
A parallel trend test of the estimation based on the
dynamic effect model showed that coefficient β had no
statistical significance 1 year before the implementation for the estimation of proportionate medicines and
medical service revenues (figure 2A,B). This indicated
the absence of strict parallels might be associated with
the following reasons. The policy was first implemented
in primary care facilities since 20097 8 and expanded from
county public hospitals in rural areas to urban public
hospitals. Urban tertiary public hospitals were the last
group to implement the policy. Medical behaviours in
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CONCLUSIONS
The policy implemented in 136 tertiary public hospitals
across the country was associated with a continuous reduction in the proportionate medicines revenue, a continuous
rise in the proportionate medical service revenue and a
change in the proportionate government subsidy revenue
which was not significant. Based on the findings of this
study, we concluded that the policy achieved one of its set
objectives of adjusting the revenue structure of public hospitals. We could not conclude whether the other set goal of
establishing a rational compensation mechanism for public
hospitals by raising labour-intensive medical service pricing
and increasing the government subsidy was achieved. Additionally, whether there has been any unexpected effect of
the policy on public hospitals requires further analysis and
evaluation.
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SUPPLEMENTAL MATERIAL
Annex 1 Numbers and distributions of sample hospitals started the implementation progressively
Time of starting

No. of

Location

Affiliation

implementation

hospitals

distribution

distribution

2014

3

Eastern 3

All local

General 1;TCM 1; MCH 1

All local

General 5;TCM 5; MCH 5

Type of hospital distribution

Eastern 6;
2015

15

Central 2;
Western 6
Eastern 5;

2016

18

Central 7;
Western 6
Eastern 45;

2017

100

Central 24;
Western 31

Local 13;

General 10;TCM 4; MCH 4

Central 5

General 41;TCM 21; MCH 22; Other specialty 16
Local 62;

(Oncology 3; Stomatology 6; Hematology 1;

Central 38

Dermatology 1; Cardiovascular 1; Ophthalmology 1;
Plastic surgery 1, Occupational 1)

Annex 2 Overall effect estimation of the pseudo-implementation of the policy 1 and 2 years ahead
Pseudoimplementation

% medicines

% medical service

% government

revenue

revenue

subsidy revenue

0.0037

0.0046

-0.0083

0.0091

0.0101

0.0064

P value

0.684

0.650

0.200

Overall effect

0.0132

0.00001

-0.0132

0.0097

0.0108

0.0082

0.177

0.999

0.108

Statistics
Overall effect

1 year ahead

2 years ahead

Cluster-robust
standard error

Cluster-robust
standard error
P value
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Sensitivity analysis of the dynamic effect estimation

by controlling the province specific time trend and the region specific time trend

implementation
2 years after
implementation
3 years after
implementation
4 years after
implementation
5 years after
implementation
6 years after
implementation
The year of
implementation
1 year after
implementation
2 years after
implementation
4b

revenue

-0.0333（0.0089）***

0.0339（0.0100）***

0.0006（0.0076）

-0.0318（0.0086）***

0.0344（0.0099）***

0.0026（0.0077）

-0.0399（0.0193）*

0.1040（0.0171）***

-0.0641（0.0250）*

-0.0690（0.0193）***

0.1214（0.0179）***

-0.0524（0.0235）*

-0.0954（0.0194）***

0.1155（0.0183）***

-0.0201（0.0203）

-0.1030（0.0205）***

0.1099（0.0191）***

-0.0070（0.0198）

-0.1191（0.0253）***

0.1111（0.0237）***

0.0080（0.0271）

0.1580（0.0328）***

0.0889（0.0386）*

0.0690（0.0513）

0.1791（0.0426）***

0.1041（0.0426）*

0.0750（0.0620）

-0.0664（0.0140）***

0.0752（0.0168）***

-0.0088（0.0125）

-0.0931（0.0131）***

0.0944（0.0158）***

-0.0014（0.0133）

-0.1146（0.0127）***

0.0930（0.0147）***

0.0215（0.0123）

-0.1152（0.0122）***

0.0948（0.0137）***

0.0204（0.0117）

0.1203（0.0139）***

0.1054（0.0166）***

0.0149（0.0133）

-0.1481（0.0153）***

0.0948（0.0240）***

0.0534（0.0255）*

-0.1699（0.0158）***

0.1383（0.0230）***

0.0316（0.0157）*

Model 3b

1 year after

Model

revenue

Model 3a

implementation

4a

% government subsidy

% medicines revenue

The year of

Model

% medical service

Model

3 years after
implementation
4 years after
implementation
5 years after
implementation
6 years after
implementation

Notes: Model 3a indicates inclusion of the province-specific time trend term in the hospital and time two-way fixed effect
overall effect model (model 3) , which is the same as the result when both the province-specific time trend term and the
region-specific time trend term were included in model 3; model 3b indicates inclusion of the region-specific time trend
term in the hospital and time two-way fixed effect model (model 3); model 4a indicates inclusion of the province-specific
time trend term in the dynamic effect model (model 4) , which is the same as the result when both the province-specific
time trend term and the region-specific time trend term were included in model 4; Model 4b indicates inclusion of the
region-specific time trend term in the dynamic effect model (Model 4). *** P<0.001, ** P<0.01, * P<0.05; cluster-robust
standard errors were within the parentheses.
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Annex 5 Sub-group analyses of the average treatment effect of the policy
5a Sub-group analyses of the average treatment effect of the policy by type of hospital
Type of
hospital(n)

Model

Measurement(yit)
Proportionate medicines

Pooled
regression
model
(Model 1)

revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue

HospitalGeneral
hospital
（57）

Proportionate medicines

level

revenue

fixed

Proportionate medical

effect

service revenue

model

Proportionate government

(Model 2)
Two-way
fixed
effect
model
(Model 3)

subsidy revenue
Proportionate medicines
revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines

Pooled
regression
model
(Model 1)

revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue

HospitalTCM
hospital
（31）

revenue

fixed

Proportionate medical

effect

service revenue

model

Proportionate government

(Model 2)
Two-way
fixed
effect
model
(Model 3)
MCH
hospital
（33）

Proportionate medicines

level

Pooled
regression
model
(Model 1)

subsidy revenue
Proportionate medicines
revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines
revenue
Proportionate medical
service revenue

No. of
observation(n)

Coefficient(λ)

Cluster-robust

P

standard error

value

499

-0.1061

0.0081

<0.001

499

0.0942

0.0094

<0.001

499

0.0120

0.0048

0.015

499

-0.1074

0.0078

<0.001

499

0.0955

0.0090

<0.001

499

0.0120

0.0046

0.012

499

-0.0322

0.0080

<0.001

499

0.0252

0.0102

0.017

499

0.0070

0.0077

0.363

279

-0.0830

0.0142

<0.001

279

0.0806

0.0174

<0.001

279

0.0024

0.0096

0.801

279

-0.0830

0.0134

<0.001

279

0.0806

0.0164

<0.001

279

0.0024

0.0091

0.790

279

-0.0312

0.0227

0.180

279

0.0315

0.0204

0.134

279

-0.0003

0.0161

0.985

297

-0.0837

0.0129

<0.001

297

0.0956

0.0126

<0.001
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Proportionate government
subsidy revenue
Hospital-

Proportionate medicines

level

revenue

fixed

Proportionate medical

effect

service revenue

model

Proportionate government

(Model 2)
Two-way
fixed
effect
model
(Model 3)

subsidy revenue
Proportionate medicines
revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines

Pooled
regression
model
(Model 1)

revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue

HospitalSpecialty
hospital
（15）

Proportionate medicines

level

revenue

fixed

Proportionate medical

effect

service revenue

model

Proportionate government

(Model 2)
Two-way
fixed
effect
model
(Model 3)

subsidy revenue
Proportionate medicines
revenue
Proportionate medical
service revenue
Proportionate government
subsidy revenue
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297

-0.0119

0.0103

0.253

297

-0.0837

0.0123

<0.001

297

0.0956

0.0120

<0.001

297

-0.0119

0.0097

0.228

297

-0.0328

0.0108

0.005

297

0.0521

0.0156

0.002

297

-0.0192

0.0156

0.226

135

-0.0653

0.0163

0.001

135

0.0588

0.0148

0.001

135

0.0065

0.0097

0.518

135

-0.0653

0.0158

0.001

135

0.0588

0.0144

0.001

135

0.0065

0.0095

0.507

135

-0.0846

0.0202

0.001

135

0.0641

0.0198

0.006

135

0.0205

0.0243

0.414
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(n)

Eastern
（59）

Central
（34）

Western
（43）
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5b Sub-group analyses of the average treatment effect of the policy by location of hospital
No. of
Cluster-robust
Model
Measurement (yit)
Coefficient (λ)
observation (n)
standard error
Proportionate medicines
527
-0.0846
0.0074
revenue
Pooled
medical
regression Proportionate
527
0.0818
0.0084
service revenue
model
(Model 1) Proportionate government
527
0.0028
0.0068
subsidy revenue
Proportionate medicines
527
-0.0828
0.0074
Hospitalrevenue
level fixed
Proportionate
medical
effect
527
0.0787
0.0082
service revenue
model
Proportionate government
(Model 2)
527
0.0041
0.0066
subsidy revenue
Proportionate medicines
527
-0.0382
0.0115
Two-way
revenue
fixed
Proportionate
medical
527
0.0325
0.0136
effect
service revenue
model
Proportionate government
(Model 3)
527
0.0057
0.0074
subsidy revenue
Proportionate medicines
306
-0.1017
0.0092
revenue
Pooled
medical
regression Proportionate
306
0.0910
0.0109
service revenue
model
(Model 1) Proportionate government
306
0.0106
0.0061
subsidy revenue
Proportionate medicines
306
-0.1016
0.0090
Hospitalrevenue
level fixed
Proportionate
medical
effect
306
0.0914
0.0108
service revenue
model
Proportionate government
(Model 2)
306
0.0102
0.0060
subsidy revenue
Proportionate medicines
306
-0.0273
0.0138
Two-way
revenue
fixed
Proportionate
medical
306
0.0252
0.0113
effect
service revenue
model
Proportionate government
(Model 3)
306
0.0022
0.0077
subsidy revenue
Proportionate medicines
377
-0.0925
0.0137
revenue
Pooled
medical
regression Proportionate
377
0.0959
0.0145
service revenue
model
(Model 1) Proportionate government
377
-0.0035
0.0069
subsidy revenue
Proportionate medicines
377
-0.0942
0.0134
Hospitalrevenue
level fixed
Proportionate
medical
effect
377
0.0979
0.0142
service revenue
model
Proportionate government
(Model 2)
377
-0.0036
0.0068
subsidy revenue
Proportionate medicines
377
-0.0237
0.0205
Two-way
revenue
fixed
Proportionate
medical
377
0.0398
0.0235
effect
service revenue
model
Proportionate government
(Model 3)
377
-0.0162
0.0207
subsidy revenue

BMJ Global Health

P
value
<0.001
<0.001
0.679
<0.001
<0.001
0.536
0.001
0.020
0.445
<0.001
<0.001
0.093
<0.001
<0.001
0.097
0.057
0.032
0.779
<0.001
<0.001
0.621
<0.001
<0.001
0.599
0.255
0.097
0.439
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5c Sub-group analyses of the average treatment effect of the policy by affiliation of hospital
Affiliation of
hospital (n)

Model
Pooled
regression
model
(Model 1)

Affiliated to
central
government
（43）

Hospitallevel
fixed
effect
model
(Model 2)
Two-way
fixed
effect
model
(Model 3)
Pooled
regression
model
(Model 1)

Affiliated to
local
government
（93）

Hospitallevel
fixed
effect
model
(Model 2)
Two-way
fixed
effect
model
(Model 3)

Measurement (yit)
Proportionate medicines
revenue
Proportionate
medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines
revenue
Proportionate
medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines
revenue
Proportionate
medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines
revenue
Proportionate
medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines
revenue
Proportionate
medical
service revenue
Proportionate government
subsidy revenue
Proportionate medicines
revenue
Proportionate
medical
service revenue
Proportionate government
subsidy revenue

No. of
observation (n)

Coefficient
(λ)

Cluster-robust
standard error

P value

378

-0.0809

0.0085

<0.001

378

0.0737

0.0089

<0.001

378

0.0072

0.0061

0.241

378

-0.0829

0.0084

<0.001

378

0.0762

0.0087

<0.001

378

0.0067

0.0057

0.250

378

-0.0301

0.0111

0.010

378

0.0240

0.0116

0.044

378

0.0060

0.0073

0.414

832

-0.0953

0.0076

<0.001

832

0.0938

0.0084

<0.001

832

0.0015

0.0051

0.768

832

-0.0950

0.0074

<0.001

832

0.0933

0.0082

<0.001

832

0.0017

0.0050

0.733

832

-0.0277

0.0095

0.004

832

0.0337

0.0109

0.003

832

-0.0059

0.0088

0.500
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