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Abstract
Introduction To assess whether the comprehensive reforms in 2017 (Reform 1) and 2019 (Reform 2) in Beijing have 
achieved the anticipated targets by analyzing the changes in curative care expenditure (CCE) and related indicators 
before and after the reforms.

Methods Due to the Covid-19 pandemic, data are not comparable for the period after 2019, we obtained records of 
patients from the Hospital Information System (HIS) between January 1, 2016 and December 31, 2019. The multistage 
stratified cluster random sampling was used to obtain sample data, and the System of Health Accounts 2011 was 
applied to account for the CCE of all hospitals in Beijing. We used an interrupted time series analysis (ITSA) to compare 
the changes in levels and trends before and after the reforms.

Results Overall, the reforms failed to impact the rising trend in CCE, but successfully lowered the level of drug and 
consumable prices in all hospitals and optimized the hospital revenue structure. The reforms’ impact on patient 
burden was also mixed. For Reform 1, outpatient costs rose in tertiary hospitals, fell for inpatients in tertiary and 
secondary hospitals, and exhibited no change in all other hospitals. In terms of the trend, Reform 1 saw a fall in patient 
burden except for a rise inpatients in tertiary and primary hospitals. For Reform 2, the level of total expenditures per 
outpatient visit fell in primary hospitals, rose per inpatient bed day in secondary hospitals and had no change in all 
other hospitals. The impact of reforms on Beijing’s hierarchical medical system (HMS) was not significant.

Conclusion The reform outcomes were only partially in line with the reforms’ aims. While echoing the call for more 
resources for primary hospitals, only major patient medical service pricing changes would shift patients away from 
tertiary and secondary hospitals towards primary hospitals. We suggest that several measures be taken to enhance 
the service capacity of primary hospitals and that an advertising campaign be launched to inform and encourage 
patients to use primary hospitals as gatekeepers.
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Introduction
Healthcare systems world-wide face increasing demands 
for health services, with the growth in global health 
expenditures outpacing the growth in global gross 
domestic product [1]. With an aging population and lim-
ited health resources [2–4], China also faces the challenge 
of increasing curative care expenditures (CCE). China’s 
curative care expenditures accounted for 75.6% of total 
health expenditures (CHE) in 2012 and 73.4% of Beijing’s 
CHE in 2015 [5, 6], with 95.9% of Beijing’s CCE occur-
ring in public primary, secondary and tertiary hospitals 
[7]. Constraining the growth of CCE is a key part of Chi-
na’s wider reform program to rationalize public hospitals’ 
revenue structures, control health expenditures, reduce 
the burden on patients and ensure hospital resources are 
efficiently distributed and equitably accessed.

Before China’s health reforms in 2009, the under-fund-
ing of public hospitals led hospitals to generate addi-
tional income by charging patients mark-ups for drugs, 
services and consumables, with hospitals earning up 
to 90% of their budget from revenue-generating activi-
ties [8]. The mark-up on medical services, consumables 
and prescribed drugs incited drug over-prescribing and 
medical consumables over-use [9–11]. Such mark-ups 
also imposed a significant healthcare expenditure burden 
on patients. Compounding these expenditure problems, 
patients preferred expensive secondary and tertiary hos-
pital treatments over cheaper primary health hospitals, 
owing to the imbalance in healthcare resources between 
different hospital levels in China’s hierarchical medi-
cal system (HMS) [12, 13]. To address these issues, the 
government legislated a range of health reforms in 2009, 
including increasing hospital budget al.locations, elimi-
nating the mark-up on drugs and consumables, adjusting 
service fees and optimizing the hierarchical medical sys-
tem to support primary hospitals as gatekeepers to sec-
ondary and tertiary hospitals [14–16].

As part of China’s public hospital reforms, Beijing 
ended the drug markup and reformed the service fee 
structure in 2017 (Reform 1) and ended the markup 
on medical consumables and costs of various services 
in 2019 (Reform 2). As a pivotal pilot for restructuring 
public hospital compensation mechanisms in China, 
Beijing’s phased comprehensive healthcare reforms 
implemented in 2017 and 2019 demonstrate exemplary 
policy significance. The sequential introduction of the 
Medicine Separation Reform and Medical Consum-
ables Coordination Reform established an innovative 
“combined policy paradigm”. The initial phase system-
atically eliminated drug markups and established a 

dynamic adjustment system for medical service fees. 
The subsequent phase pioneered a zero markup pol-
icy of medical consumables and created a price link-
age adjustment matrix of medical service items [17]. 
The experience accumulated by the pilot in Beijing 
has important policy diffusion value for deepening the 
reform of the medical supply side, and offers critical 
insights for assessing China’s healthcare reform [18, 
19].

Reform 1 adjusted the prices of medical services by 
type of hospital and reduced the inflated prices of drugs 
and equipment, with the aim of reducing public hospi-
tals’ heavy reliance on drug sales for income, curbing 
rising medical expenditures for patients and promoting 
the first-use of primary health care services. Eliminating 
the previous registration and consultation fees system, 
Supplementary Table 1 sets out Reform 1’s new medical 
service fee and health insurance reimbursement sched-
ules to compensate hospitals for the abolition of drug and 
equipment mark-ups, to reflect the true value of medi-
cal staff and to rationalize the use of the HMS. Reform 
1 set the medical service fee for general outpatient ser-
vices at RMB50 for tertiary hospitals, RMB30 for second-
ary hospitals and RMB20 for primary hospitals, while the 
basic out-of-pocket payment for tertiary, secondary and 
primary hospitals after reimbursement through health 
insurance was RMB10 for tertiary hospitals, RMB2 for 
secondary hospitals and RMB1 for primary hospitals. 
The differential service fee and insurance reimburse-
ment policy aimed to channel patients with general and 
chronic diseases to primary hospitals [20, 21], which 
acted as gatekeepers to secondary and tertiary hospitals.

Reform 2 abolished the 5–10% mark-up policy for 
medical consumables; reduced the prices on medical 
equipment testing items; increased the price of tradi-
tional Chinese medicine, pathology, rehabilitation, psy-
chiatry, nursing, and surgical procedures to better reflect 
the value of medical staff’s technical labor; and central-
ized the procurement of drugs and consumables [22]. 
For Beijing, the two reforms aimed to establish a sustain-
able funding mechanism for public hospitals; to adjust 
the drug and consumables cost structure; and to reduce 
inflated healthcare expenditures. The reforms also aimed 
to shift patient preference towards cheaper primary hos-
pitals, enhancing the gatekeeper role of primary health 
facilities by reducing tertiary and secondary hospitals as 
patients’ first choice for health care [23].

Previous studies have assessed China’s health reforms 
on specific medical institutions, such as public hospitals 
[20, 24, 25], community health centers [26], traditional 
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Chinese medicine hospitals [8], and particular groups 
of patients and patients with different types of illnesses, 
such as coronary heart disease and non-communicable 
diseases [27, 28], generally concluding that the reforms 
reduced hospitals’ reliance on drug sales, guided patients 
to primary healthcare institutions, controlled medical 
expenditures, reshaped and optimized hospital revenue 
structure and better reflected the professional value of 
physicians. But previous studies on Beijing’s two health-
care reforms relied on small or incomplete samples, did 
not evaluate the two reform effects together and did 
not assess all types of medical institutions, diseases and 
patients. Addressing these shortfalls, we evaluate the 
impact of Reform 1 and Reform 2 together for all types of 
treatments, for all patients in all types and levels at both 
public and private hospitals in Beijing.

Materials and methods
Data sources
Our 2016–2019 data were drawn from both primary and 
secondary sources: Beijing Health Financial Statistical 
Yearbook, the Beijing Health Statistical Yearbook, and 
the Beijing Health Accounts Report, providing data on 
revenues, subsidies, health insurance reimbursements 
and service volumes for all public and private hospitals 
in Beijing. We extracted monthly primary data from 
Beijing’s Hospital Information System (HIS), including 
information on the hospital level, dates of hospital visits, 
main disease diagnosis, treatment fees and costs of drugs 
and hospital supplies. Due to the Covid-19 pandemic, 
data are not comparable for the period after 2019.

Definitions and hypotheses
Curative care expenditures refer to expenditures on 
therapeutic supplies and services consumed to restore, 
maintain and improve patients’ health conditions 
(excluding preventive services) in Beijing’s hospitals dur-
ing one month for both Beijing residents and non-Beijing 
patients. Consistent with the objectives of the reforms, 
our outcome indicators were classified into three CCE 
related categories: expenditures (outpatient and inpa-
tient CCE and the drug proportion and the consumables 
proportion of CCE); patient burden (total expenditures 
per outpatient visit and total expenditures per inpatient 
bed day); and service volume (number of outpatient vis-
its and number of inpatient bed days). CCE is the total 
of outpatient CCE and inpatient CCE; outpatient CCE is 
the total expenditures per outpatient visit multiplied by 
the number of outpatient visits; inpatient CCE is the total 
expenditures per inpatient bed day times the number of 
bed days; and the outpatient drug proportion is outpa-
tient drug sales divided by outpatient CCE; and outpa-
tient consumables proportion is revenue from outpatient 
medical consumables divided by outpatient CCE.

Reform 1 and Reform 2 had several aims. The first 
aim was to implement a new funding model on hospi-
tals by reforming the hospital revenue structure. Second, 
Reform 1 also aimed to reduce the proportion of drug 
costs in CCE and Reform 2 aimed to reduce the pro-
portion of consumables in CCE. Moreover, the reforms 
aimed to lower CCE and the patients’ health expenditure 
burden. While Reform 1 and Reform 2 aimed to reduce 
the expenses of outpatient and inpatient care by reducing 
the drug proportion and consumable proportion of CCE 
at all hospital levels, the reforms’ new medical service 
fees and health insurance schedules also raised health-
care prices. The net effect of Reform 1 and Reform 2 on 
the level and trend of hospital expenditures and patient 
burden is unclear. Finally, both reforms aimed to shift 
patients away from tertiary and secondary towards pri-
mary hospitals.

Sample hospitals
Supplementary Table 2 shows the number of Beijing 
hospitals by level included in our CCE accounting every 
year. We collected data on all 22 municipal-level hospi-
tals, due to the significant differences among munic-
ipal-level hospitals in Beijing, and sampled the other 
government affiliation level hospitals. All hospital lev-
els were sampled from four representative Beijing dis-
tricts (Dongcheng, Fengtai, Changping, and Pinggu) by 
using multistage stratified cluster random sampling [2]. 
The sample comprised 81 hospitals, including 39 public 
hospitals, 13 socially run hospitals, and 29 primary hos-
pitals. Defined by bed capacity, location, and functional 
orientation, Supplementary Table 3 displays the sample 
hospitals on primary hospitals (mainly community health 
centers), secondary hospitals (providing comprehensive 
health services) and tertiary hospitals (providing high-
level, specialized and nation-wide health services) by 
ownership (public and private hospitals) and type (Gen-
eral, Traditional Chinese Medicine and Specialist). To 
ensure comparability across the 2016–2019 period, the 
sample hospitals were kept constant. From the surveyed 
hospitals, the records of about 320 million patients were 
obtained from HIS between January 1, 2016 and Decem-
ber 31, 2019, containing information on age, sex, primary 
diagnosis, residency (Beijing resident or not), and medi-
cal costs (costs of examination, treatment services, drugs, 
lab services and consumables). Only aggregated cost 
data and no patient-specific information were collected, 
which did not require ethics approval.

The raw data in the sample library is cleaned using 
three main methods: deletion, patching and logical 
checking. Firstly, the fields in the sample library where 
all the cost information is 0 or null are deleted. Sec-
ondly, for some of the fields with empty data, they will be 
supplemented through original data search and mutual 
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verification of field information, and if the data cannot 
be supplemented, they will be deleted. Thirdly, the cost 
data of the case library are logically checked according 
to the following two rules: the first rule is that the drug 
revenue is greater than or equal to the sum of the rev-
enues of western drugs, proprietary Chinese medicines, 
and Chinese herbal medicines. The second rule is that 
the total revenue is greater than or equal to the sum of 
the revenues from drugs, health materials, and the rest of 
the revenues. If the logical check conditions are not met 
and the data cannot be made up, the corresponding data 
will be deleted. After data cleaning of the original sample 
database, except for the slightly higher outpatient sam-
ple database in 2017, the number of fields deleted from 
the outpatient and inpatient sample databases in each 
year was less than 5%, and the loss of information in the 
sample databases was small, while the quality of inpatient 
data was higher than that of outpatient (Supplementary 
Table 4).

Statistical analysis
We used SHA2011, a global standard for the construc-
tion of national health accounts [29], to calculate CCE 
comprising treatment service fees, drug fees, consum-
able fees and examination and laboratory tests fees at 
Beijing’s different level hospitals. To obtain the CCE and 
monthly related indicators at the aggregate level, the 
top-down accounting methods of SHA2011 were used. 
First, the total CCE and related indicators at different 
levels and types of hospitals, such as the drug revenue of 
all hospitals in Beijing, were obtained from the second-
ary data. In the second step, the monthly CCE, drug rev-
enue, and other related indicators and their composition 
in the same year at different levels and types of hospitals 
were drawn from the primary data. In the third step, the 
proportion estimates for different levels and types of hos-
pitals were calculated by applying the data in the second 
step to the total CCE and related indicators obtained in 
the first step. Finally, the composition of CCE by month 
at different levels and types of hospitals was calculated. 
The CCE at different types of hospitals within the same 
level was aggregated as required.

After collecting the relevant outcome indicators at 
multiple time points before and after the implementation 
of Reform 1 and Reform 2, we constructed monthly mea-
surements from January 2016 to December 2019. Based 
on the three stages of pre-Reform (January 2016-March 
2017), Reform 1 (April 2017-June 2019), and Reform 
2 (July 2019-December 2019), interrupted time series 
analysis (ITSA), a quasi-experimental research design, 
was used to evaluate the reform impacts by comparing 
outcomes after the two reforms with counterfactual out-
comes or outcomes that would have occurred had there 

been no Reform 1 and Reform 1 but no Reform 2. The 
outcome model was:

 
Yt = β0 + β1 · time+β2 · reform1+β3 · time after reform1+

β4 · reform2+β5 · time after reform2+ϵt

where Yt represents the outcome variable; time is a linear 
time variable, representing the time observation point 
calculated from the beginning of the time series (Janu-
ary 2016), coded from 1, to estimate the baseline trend; 
reform1 and reform2 are dummy variables represent-
ing the reform stage at the observation point, coded as 
“0” before the reform and “1” after the reform; time after 
reform1 and time after reform2 are continuous variables 
counting the number of months after the policy imple-
mentations, which was set at “0” before the policy change, 
and “1” after the policy change, to estimate the change in 
trend (slope) during the post-reform1 and post-reform2 
policy periods. β0 is a constant term, which is the base-
line level of the indicators; β1 is the estimator of the trend 
before the reforms were implemented; β2 and β4 are the 
estimators of the level change of the outcome variables 
immediately after the reform implementation; β3 and β5 
are the estimators of the trend change in outcome values 
due to the Reform 1 and Reform 2; and εt is the random 
error. A p-value < 0.05 was considered statistically signifi-
cant. The data were tested for seasonality, and the model 
was adjusted when there was a significant seasonal trend. 
All the statistical analyses were performed using STATA/
MP 17.0.

Results
Descriptive statistics
Table  1 summarizes the descriptive results of Beijing’s 
hospitals by period and hospital level. After the imple-
mentation of Reform 1, the drug proportion at all types 
of hospitals declined, achieving a major goal of Reform 
1. However, the average monthly CCE at all levels of hos-
pitals increased, the total expenditures per outpatient 
visit and total expenditures per inpatient bed day at all 
hospital levels increased, except for inpatients in second-
ary hospitals, which indicates the net effect of Reform 
1 did not decrease expenditures or the patient burden. 
After Reform 1, the number of outpatient visits in pri-
mary and secondary hospitals increased, while visits to 
tertiary hospitals decreased, supporting the gatekeeper 
role of primary hospitals and shifting patients away from 
tertiary hospitals. After Reform 2, the consumables pro-
portion decreased at all hospitals, which was a major 
aim of the reform. There was a mixed result in terms of 
the net impact on expenditures and patient burden, with 
the average monthly CCE increasing, except for outpa-
tients in primary hospitals, and the total expenditures 
per inpatient bed day increasing while total expenditures 
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per outpatient visit fell. The number of outpatient visits 
in primary hospitals dropped, while tertiary hospitals’ 
outpatient visits rose, the opposite of the planned shift in 
patients from tertiary to primary hospitals.

Table  1 presents the operational status of different 
hospital types across distinct time periods. It should be 
noted that the observed data variations reflect not only 
the effects of the policy under investigation, but also the 
compounded influences of other contemporaneous poli-
cies, including price fluctuation factors, healthcare pric-
ing reforms and other relevant policies.

Interrupted time series analysis results
The ITSA results in Table  2 show the significant rises 
or falls or no significant change in the level and trend in 
the outcome variables due to the two reforms, with the 
detailed ITSA results reported in Supplementary Table 5.

As shown in Table 2; Fig. 1, the two healthcare reforms 
had no significant level or trend change on monthly CCE, 
except Reform 1 saw a fall in the CCE level of inpatients 
in secondary hospitals and in primary hospitals Reform 
2 saw a fall in the outpatient CCE level and a rise in the 
inpatient CCE trend. ITSA results in Fig. 2; Table 2 show 
that the level of the drug proportion fell at all hospitals 
after Reform 1. The trend in outpatient and inpatient 
drug proportions was mixed, rising for outpatients in ter-
tiary hospitals, inpatients in secondary hospitals and out-
patients and inpatients in primary hospitals, otherwise, 
there was no change. Given the extremely small percent-
age of consumables in primary hospitals (less than 5% in 
most years), we only analyzed consumables in secondary 
and tertiary hospitals. Table 2; Fig. 3 show that the level 
of the consumable proportion fell at all hospitals, except 
inpatients at secondary hospitals, but had no change on 
the consumable proportion trend.

The patient burden in Table  2; Fig.  4 also presents a 
mixed pattern. For Reform 1, the impact on the level of 
outpatient costs rose for tertiary hospitals and inpatient 
costs fell for tertiary and secondary hospitals, and other 
burden on all other patients had no change. Reform 1 
had a significant, but inconsistent, impact on the patient 
burden trend. The outpatient burden trend fell in tertiary, 
secondary and primary hospitals and fell for inpatients 
in secondary hospitals, but rose for tertiary and primary 
hospital inpatients. Reform 2 had a differential impact 
on patient burden across hospital levels where the total 
expenditures per outpatient visit fell in primary hospi-
tals, but total expenditures per inpatient bed day rose in 
secondary hospitals. Reform 2 made no change to the 
patient burden trend.

Finally, Table 2; Fig. 5 display no change in the level of 
hospital visits after Reform 1 or Reform 2, except primary 
outpatients, which fell after Reform 2. Similarly, there 
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was no change in the trend for hospital visits, except 
Reform 1 primary inpatients which fell.

Discussion
Beijing’s 2017 and 2019 medical reforms aimed to change 
the funding models for public hospitals, control the rapid 
growth of healthcare expenses, especially for drugs and 
consumables, shift patients from over-used tertiary and 
secondary to under-used primary hospitals and reduce 
the heavy economic burden on patients [30]. The reforms 
had a mixed success. The first success was to change the 
revenue structure of the public hospital system, generat-
ing revenue from medical services, rather than from the 
sale of drugs and consumables [8, 20, 27]. The medical 
consultation service fee adopted a tiered pricing struc-
ture aligned with both institutional hierarchy (hospi-
tal levels) and doctor seniority, serving as a monetized 
evaluation mechanism for healthcare providers’ technical 

labor. The introduction of increased physician ser-
vice fees was designed to offset revenue losses resulting 
from the elimination of drug and consumable markups, 
thereby restructuring income composition within the 
healthcare system [24]. The second success was to lower 
the level of drug and consumable prices [24, 31, 32]. 
Before Reform 1 doctors over-prescribe drugs due to the 
profit motive of mark-ups, but with Reform 1 separat-
ing hospital revenues from drug mark-ups, the behavior 
of drug over-prescription by physicians to enhance their 
personal and the hospital’s income fell [33]. The growing 
rate of total expenditures per outpatient visit/ per inpa-
tient bed slowed, in line with the reform expectations. 
These reform outcomes partially reduced the economic 
burden on some patients.

The reforms had no impact on the trend in CCE. As 
shown in Figs. 1, 2 and 3, the predicted trend of CCE and 
the drug and consumable proportion trend were mainly 

Table 2 Change in levels and trends of expenditures, drugs, consumables, patient burden and visits
Hospital level Outcome indicators Level Change Change in Trend

Reform1 Reform2 Reform1 Reform2
Expenditures

Tertiary Outpatient CCE (million RMB) No change No change No change No change
Inpatient CCE (million RMB) No change No change No change No change
Outpatient drug proportion (%) Fall - Rise -
Inpatient drug proportion (%) Fall - No change -
Outpatient consumables proportion (%) - Fall - No change
Inpatient consumables proportion (%) - Fall - No change

Secondary Outpatient CCE (million RMB) No change No change No change No change
Inpatient CCE (million RMB) Fall No change No change No change
Outpatient drug proportion (%) Fall - No change -
Inpatient drug proportion (%) Fall - Rise -
Outpatient consumables proportion (%) - Fall - No change
Inpatient consumables proportion (%) - No change - No change

Primary Outpatient CCE (million RMB) No change Fall No change No change
Inpatient CCE (million RMB) No change No change No change Rise
Outpatient drug proportion (%) Fall - Rise -
Inpatient drug proportion (%) Fall - Rise -
Outpatient consumables proportion (%) - - - -
Inpatient consumables proportion (%) - - - -
Patient burden

Tertiary Total expenditures per outpatient visit (RMB) Rise No change Fall No change
Total expenditures per inpatient bed day (RMB) Fall No change Rise No change

Secondary Total expenditures per outpatient visit (RMB) No change No change Fall No change
Total expenditures per inpatient bed day (RMB) Fall Rise Fall No change

Primary Total expenditures per outpatient visit (RMB) No change Fall Fall No change
Total expenditures per inpatient bed day (RMB) No change No change Rise No change
Service

Tertiary Number of outpatient visits (thousand) No change No change No change No change
Number of inpatient bed days (thousand) No change No change No change No change

Secondary Number of outpatient visits (thousand) No change No change No change No change
Number of inpatient bed days (thousand) No change No change No change No change

Primary Number of outpatient visits (thousand) No change Fall No change No change
Number of inpatient bed days (thousand) No change No change Fall No change
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the same as the counterfactual trend that assumed no 
Reform 1 or assumed there was only Reform 1 and 
no Reform 2. Declining prices for drugs and diagnos-
tic tests, and the increase in health insurance coverage 
rate increased the demand for healthcare services [34, 

35], especially for patients who were not able to access 
health care previously because of high drug and medi-
cal services prices. Increasing demand for health care 
services contributed significantly to the growth in CCE. 
Rising prices for non-drug and non-consumable services 

Fig. 2 Trend in the drug proportions (%) in different levels of hospitals

 

Fig. 1 Trend in the monthly CCE in different levels of hospitals
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Fig. 4 Trend in the total expenditures per outpatient visit/ per inpatient bed day in different levels of hospitals

 

Fig. 3 Trend in the consumables proportions (%) in different levels of hospitals
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with stringent demands for advanced medical technol-
ogy and additional expenditures on traditional Chinese 
medicine, which was not consistent with Reform 1 [8, 
36], also contributed to higher CCE. Reform 1 outcomes 
also reflected the specific funding characteristics at dif-
ferent hospital levels. For example, the drug proportion 
for outpatients in primary hospitals was relatively high, 
and the immediate decline in the drug proportion after 
Reform 1 was relatively small when compared with other 
hospital levels. This can be attributed to the cancellation 
of some common drug mark-up in primary hospitals in 
2006 and the implementation of the drug zero mark-up 
policy occurring first in primary hospitals in 2009 [37, 
38], which meant only a small number of drugs in pri-
mary hospitals had a mark-up, explaining why Reform 1 
had little impact on the outpatient of primary hospitals.

These CCE and drug and consumable proportion 
reform outcomes were also reflected in the level of 
patient burden. Reform 1 was successful in promoting 
the falls in inpatient and outpatient expenditures, except 
the rising trend in tertiary and primary inpatient burden. 
There are two possible reasons for this phenomenon: 
increased patient demand for medical services after price 
adjustments and the HMS coming into play. Patients with 
minor illnesses were seen in primary hospitals patients, 
receiving more service-oriented medical services, such 
as nursing care, and patients with serious illnesses were 
treated in tertiary hospitals, receiving more highly tech-
nical medical services, both incurring costs that were 
priced higher in Reform 1 [39, 40]. The fall in the level of 

total expenditures per inpatient bed day at secondary and 
tertiary hospitals was correlated with the elimination of 
drug mark-ups. After Reform 1, the trend in total expen-
ditures per outpatient visit fell, also related to a change 
in doctors’ over-prescription and over-servicing behav-
ior [34]. In particular, for patients requiring sustained, 
high-volume consumption of pharmaceuticals and medi-
cal consumables due to disease conditions, the economic 
burden was alleviated through the implementation of 
these two reforms. We recommend that future policy for-
mulation should prioritize healthcare affordability across 
diverse population groups, optimizing health financ-
ing and insurance designs to better reflect real-world 
variations.

The aim of China’s HMS was to guide self-paying and 
chronically ill patients away from tertiary and second-
ary hospitals to primary hospitals. The impact of the 
reforms on the service load on HMS was not signifi-
cant, with ‘no change’ dominating the level and trends 
in hospital visits in Table 2. The fall in the level of pri-
mary hospital outpatient visits and the fall in the trend 
of inpatient visits were the opposite of the reform aims 
of strengthening the HMS. There is evidence that the 
number of visits and the ‘no change’ in the total expen-
ditures at tertiary hospitals reflected the increase in 
difficult, acute and severely ill patients attending ter-
tiary hospitals [41, 42]. First, the promotion of tiered 
healthcare delivery has fallen short of expectations, 
with patient backflow emerging after the 2019 reform. 
Tertiary hospitals had more testing equipment and 

Fig. 5 Trend in the monthly number of outpatient visits / number of inpatient bed days in different levels of hospitals
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used more consumables, so when Reform 2 reduced 
these prices for patients, the attractiveness of tertiary 
hospitals rose [43, 44], reducing the number of patients 
referred to primary or secondary hospitals. Second, 
although price leverage temporarily redirected medi-
cal service utilization, the inadequacies in primary 
care institutions’ service capacity, including medical 
equipment, technical expertise, and service quality, 
have failed to meet patients’ demand for high-quality 
care. This persistent quality gap makes many patients 
still prefer to choose tertiary hospitals, undermining 
the effective operation of the “grass-roots first diag-
nosis” mechanism [27, 45]. Besides, the dysfunctional 
two-way referral mechanism further weakens the sys-
tem, as evidenced by patients’ reluctance to transfer 
from tertiary hospitals to primary institutions, result-
ing in insufficient “upper and lower linkage” within 
the healthcare hierarchy [45]. An experimental eco-
nomics study reveals that different medical insurance 
payment methods (such as pay-per-item, total prepay-
ment, etc.) significantly influence physicians’ service 
provision behaviors. These behavioral variations may 
drive patients’ institutional preferences under different 
payment schemes, creating additional implementation 
barriers for tiered healthcare delivery [46].

Our more comprehensive data on the number of hos-
pitals and inclusion of non-resident Beijing patients helps 
explain the mixed outcomes for the reforms and different 
results from existing studies, especially with regard to the 
HMS results. The hospitalization of non-Beijing patients 
accounted for nearly 30% of total services between 2016 
and 2019 [47], where 41.4% of CCE in 2019 was attrib-
utable to non-Beijing patients in Beijing’s tertiary hospi-
tals [23]. Tertiary hospitals in Beijing attract a substantial 
proportion of non-Beijing patients with severe condi-
tions, while community hospitals primarily cater to local 
residents, particularly elderly patients [2]. Requiring 
more comprehensive and specialized health services, 
non-Beijing patients suffered from serious and difficult 
medical conditions that could not be treated at their pri-
mary, secondary and tertiary home province hospitals 
[23, 48], explaining non-Beijing residents seeking high 
quality medical treatment in Beijing’s tertiary hospitals. 
A study by Zhou et al. found that health seeking behav-
ior was strongly associated with basic health insurance, 
chronic diseases, economic level, and educational status 
[49]. Residents with basic health insurance tended to go 
to primary hospitals when they were ill with common 
and chronic diseases [50]. Due to regional disparities in 
healthcare reimbursement policies, non-local patients 
seeking care in Beijing face distinct insurance coverage 
patterns and reimbursement rates compared to local resi-
dents. These differentials may create reimbursement bar-
riers for some patients from other regions, consequently 

influencing their healthcare-seeking behaviors [51]. HMS 
policies, health insurance payments and the adjustment 
of medical prices had a greater impact on the local resi-
dents’ health seeking behavior, but had less effect on 
non-Beijing health seeking behavior, which helps explain 
why the impact of reforms on Beijing’s HMS was not sig-
nificant in our study. Future policy formulation should 
prioritize addressing inter-regional medical insurance 
reimbursement, with concerted efforts to eliminate 
existing reimbursement barriers across administrative 
boundaries.

Our results suggest the following recommendations. 
To address the rising service volume at tertiary hospi-
tals and the decline in primary hospitals, there is ample 
research recommending improving the service capac-
ity and technical level of primary and secondary hos-
pitals to better attract patients and promote the HMS 
[14, 25, 49, 52]. This recommendation has been acted 
on by health officials with primary hospital govern-
ment grants rising from 21.09 to 24.22% (2018–2021) 
of the Beijing hospital budget [53]. Despite these fund-
ing rises, the quality and funding gap between Beijing’s 
hospital levels remains. The gap between the quality 
of tertiary, secondary and primary hospitals is unlikely 
to be addressed by further service fee and insurance 
reform since these further reforms would require the 
difficult choice to raise service fees and reduce insur-
ance reimbursements severely impacting the economi-
cally most disadvantaged patients [54]. It is imperative 
to enhance the service capacity of primary healthcare 
institutions to effectively achieve the objectives of 
hierarchical diagnosis and treatment. Specifically, this 
involves strengthening financial support mechanisms 
to facilitate equipment upgrading and technological 
advancement, while simultaneously implementing spe-
cialized training programs for healthcare profession-
als. Innovative incentive policies should be developed 
to encourage talent flow, establishing mechanisms that 
link professional title promotions with grassroots ser-
vices [55, 56]. Additionally, the dual integration model 
of technology and personnel from tertiary hospitals 
should be deepened, leveraging telemedicine collabo-
ration networks and institutionalized expert residency 
support programs to systematically improve the ser-
vice capabilities of primary hospitals. Furthermore, the 
government needs to change patients’ healthcare seek-
ing behavior, perhaps through an advertising campaign 
emphasizing the gatekeeper role of primary hospitals.

Our study has several limitations. First of all, since our 
data for Reform 2 are only available for six months, the 
long-term effects of Reform 2 policies, such as central-
ized procurement, need further study. Second, we used 
the drug and consumables proportion to explore the 
impact of the reforms on hospitals’ revenue structure, 
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but we lacked other indicators, such as the share of rev-
enue from medical examinations, surgeries, diagnostics, 
and medical services, which future studies should con-
sider. Third, since interrupted series data require preci-
sion to the monthly level, the continuous subdivision 
of the sample data may lead to its decreasing precision. 
Fourth, the impact of the two reforms on patients’ out-of-
pocket costs could not be effectively estimated because 
of inadequate health insurance reimbursement informa-
tion in the sample data. Although we have the advantage 
of sample representation, our results only represent Bei-
jing hospitals, so we remain cautious about extrapolating 
the results to other cities and provinces without further 
studies.

Conclusion
To assess the effect of the two healthcare reforms 
launched in Beijing in 2017 and 2019, we used the 
descriptive results and an interrupted time series model 
to analyze relevant data from a representative sample of 
all hospitals in Beijing. At best, the reforms had a mod-
est or no impact on CCE, patient burden and service lev-
els, but successfully adjusted public hospitals’ revenue 
structure. The impact of reforms on Beijing’s hierarchi-
cal medical system (HMS) was not significant. Consis-
tent with the aims of Reform 1, the decrease in the level 
of the drug proportion at all hospitals and total expen-
ditures per inpatient bed day at secondary and tertiary 
hospitals was significant. A slower growing trend in total 
expenditures per outpatient visit at all levels of hospitals 
marked a significant achievement for Reform 1. Reform 
1 had no significant impact on the service volume level 
or trend, which means a major reform aim of shifting 
patients from secondary and tertiary to primary hospi-
tals was unsuccessful. After Reform 2, the consumables 
proportion level mainly fell across all levels of hospitals, 
but there was no change in the CCE trend and little or 
no impact on the level or trend of patient burden or ser-
vice volume. We recommend strengthening the capacity 
of the primary hospital, rationalizing the layout of high-
quality medical resources in Beijing and continuing to 
control the rise on CCE.
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