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Abstract: The effects of public hospital reforms on spatial and temporal patterns of health-seeking
behavior have received little attention due to small sample sizes and low spatiotemporal resolution
of survey data. Without such information, however, health planners might be unable to adjust
interventions in a timely manner, and they devise less-effective interventions. Recently, massive
electronic trip records have been widely used to infer people’s health-seeking trips. With health-
seeking trips inferred from smart card data, this paper mainly answers two questions: (i) how do
public hospital reforms affect the hospital choices of patients? (ii) What are the spatial differences of
the effects of public hospital reforms? To achieve these goals, tertiary hospital preferences, hospital
bypass, and the efficiency of the health-seeking behaviors of patients, before and after Beijing’s public
hospital reform in 2017, were compared. The results demonstrate that the effects of this reform on the
hospital choices of patients were spatially different. In subdistricts with (or near) hospitals, the reform
exerted the opposite impact on tertiary hospital preference compared with core and periphery areas.
However, the reform had no significant effect on the tertiary hospital preference and hospital bypass
in subdistricts without (or far away from) hospitals. Regarding the efficiency of the health-seeking
behaviors of patients, the reform positively affected patient travel time, time of stay at hospitals, and
arrival time. This study presents a time-efficient method to evaluate the effects of the recent public
hospital reform in Beijing on a fine scale.

Keywords: health reform; health-seeking behavior; efficiency of health-seeking; healthcare utilization;
big data; Beijing

1. Introduction

The imbalanced utilization of healthcare services, e.g., overload of top-tier healthcare
facilities and underutilization of primary care, remains a prominent problem in public
healthcare systems worldwide [1,2]. This imbalanced utilization has been widely recog-
nized as a contributing factor to the waste of medical resources, excessive medical costs,
and low health-seeking efficiency [3–5]. Therefore, this topic has received great attention
from scientists in the field of public health. Understanding the spatiotemporal characteris-
tics of the hospital choices of patients is key to effective interventions toward optimizing
the utilization of healthcare services.

In previous studies, survey data have often been used to investigate the utilization of
healthcare resources through surveying patient attitudes toward primary care use, health-
care costs, wait times at hospitals, and travel times to hospitals [6–8]. However, such data
have long been criticized due to the high costs incurred, limited sample representativeness,
and low time efficiency [9,10]. Without full consideration of all of the effects of healthcare
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reform, health planners might be unable to adjust interventions in a timely manner and
devise less-effective interventions. Recently, electronic trip records derived from taxis and
buses have been used to investigate the spatial and temporal patterns of health-seeking be-
haviors, as they offer rich information on the movement trajectories of individuals [10–12].
For instance, Du et al., (2020) proposed a method to extract transit-based health-seeking
trips from smart card data and validate their methods with a health-seeking survey in
Beijing, China [13]. Health-seeking trips inferred from electronic trip records offer a large
sample size and wide spatial coverage, which may help to better understand the hospital
choices of patients more comprehensively. Despite this clear advantage, little attempt has
been made to utilize electronic trip records. One explanation might be that transporta-
tion records lack information on the purpose of trips, which makes it difficult to identify
health-seeking trips.

Public transit is a popular travel mode when accessing healthcare, especially in
metropolitan areas. A recent survey on health-seeking behavior in Beijing, China, in-
dicated that about 25% of patients arrive at hospitals by bus [13]. Thus, the present study
argues that smart card data have good representativeness for investigating the spatial and
temporal patterns of health-seeking behavior. In April 2017, the Beijing became the pilot
city to initiate the “Implementation Plan for Comprehensive Reform on Separating Drug
Sales from Medical Services”; this will be referred to as Beijing’s public hospital reform
in 2017, hereinafter [14]. One of its major goals was to optimize healthcare utilization
among tertiary, secondary, and primary hospitals. Using Beijing’s public hospital reform in
2017 as an example, this study assesses the effects of this healthcare reform by comparing
the pre-reform hospital choices of patients (April 2015) with their post-reform choices
(June 2017), using health-seeking trip data extracted from smart card data. As this study
evaluates the effects of public hospital reform with data on real-time awareness of the city,
it contributes to the construction of smart cities and the management of these cities [15].

2. Literature Review
2.1. Hospital Allocation and Health Reforms

Guiding the hospital choices of patients is an efficient way to optimize healthcare
utilization and improve healthcare accessibility; therefore, factors associated with the
hospital choices of patients have been widely explored. Overall, the factors can be classified
as spatial factors (e.g., distance to healthcare facilities), and non-spatial factors (e.g., socio-
economic attributes, severity of illness, quality of medical services, medical costs, and
healthcare insurance) [16]. Accordingly, a number of measures for guiding the hospital
choices of patients have been implemented. Part of the related studies suggested relocating
healthcare facilities, especially high-quality healthcare facilities, to rural areas, or the
periphery of urban areas, as this measure would improve healthcare accessibility in these
areas by shortening the distance to healthcare facilities [10,17,18]. However, core urban
areas often have an abundance of healthcare facilities. Thus, the dominant problems of
healthcare utilization are not the distance from healthcare facilities, but the imbalanced
healthcare utilization among different levels of hospitals, e.g., the overload of tertiary
hospitals and the underutilization of primary care facilities. In response to this problem,
health reforms were called for in previous practices. Numerous international practices, such
as the healthcare reforms of the United Kingdom, Spain, Switzerland, and the Netherlands,
demonstrated a gatekeeper as an efficient way to promote the use of primary care [19–21].
In China, a new round of healthcare reform has been carried out since 2009. Some of the
major tasks of this healthcare reform is to optimize healthcare utilization among different
levels of hospitals through a hierarchical medical system and improve the medical quality
of primary healthcare [1,22,23]. Specifically, reforms related to guiding the hospital choices
of patients and optimizing hospital utilization are summarized in Section 2.2.
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2.2. Reforms for Optimizing Hospital Utilization in China since 2009

Optimizing hospital utilization is critical toward improving healthcare accessibility
and reducing medical costs, which has been called for by health reforms. The last decade
of this new round of health reforms in China mainly adopted three measures. The first
measure was the improvement of primary medical services. Distrust in healthcare services
in primary hospitals is one major reason that impedes the primary healthcare use of patients.
To change the attitudes of patients toward primary hospitals, and to promote primary
healthcare use, previous reforms have implemented measures to improve the quality of
healthcare services in primary hospitals. Prominent examples include the “opinions on
deepening healthcare system reform”, issued in 2009 [24], and the “opinions on the pilot
of public hospital reform”, issued in 2010 [25]. Second, a number of reforms advocated
the realization of differentiated health services at different hospital levels. For example,
tertiary hospitals are expected to serve serious and complex illnesses, while secondary
and primary hospitals aim to serve patients with chronic illnesses, patients at the recovery
stage, and patients with common illnesses. Because of the disparity in service quality
between tertiary and primary healthcare facilities, the problems that emerge because of
the overload of tertiary hospitals and the underutilization of primary care facilities are
very serious. To solve these problems, reforms for building a hierarchical medical system,
referral system, and health service consortium have been issued [26,27]. Third, current
health reforms address the removal of drug markups [28,29]. The profitability of hospitals
in China has relied on drug sales since the 1950s, which might lead to unnecessary drug
consumption; thus, increasing medical expenditures of patients. Removing drug markups
not only reduces medical expenditures of patients, but also promotes referral between
different levels of hospitals and contributes to a balanced healthcare utilization. The specific
measures in related reforms are summarized in the Appendix A.

Recent studies have evaluated the effects of public hospital reform by comparing the
proportion of patients at each level, of both hospital pre-reform and post-reform, with
large-scale statistical data, or by surveying the change of patient attitudes toward primary
care use after the reform [30,31]. For instance, Wu et al., (2017) examined public views
toward the choice of first-contact care in the hierarchical medical system of China [7]. By
focusing on the effects of Beijing’s public hospital reform in 2017, Zhou et al., (2018) found
that the number of patients who sought healthcare in secondary and tertiary hospitals
decreased significantly, while the number in primary healthcare facilities increased sharply.
For their study, Zhou et al., (2018) used data on patient visits at all levels of hospitals from
January 2016 to October 2017 [32]. However, little research had focused on the spatial
difference of the effects of public hospital reform on the hospital choices of patients.

3. Study Design
3.1. Case Study—Beijing’s Public Hospital Reform in 2017

In 2012, Beijing began to explore ways to optimize healthcare utilization at different
levels at hospitals. After a five-year exploration of pilot hospitals, Beijing took the lead in
implementing a public hospital reform, named “Implementation Plan for Comprehensive
Reform on Separating Drug Sales from Medical Services”, at all public hospitals, which
started on 8 April 2017 [33]. This reform aimed to reconstruct the healthcare service system
via the following measures: (i) drug price markups were cancelled in order to reduce the
heavy reliance of public hospitals on drug sales; (ii) a medical service fee was implemented
to replace drug markups, registration fees, and treatment fees. Charges are tiered by
hospital levels (tertiary, secondary, and primary healthcare facilities). Doctors redirect
the flow of patients from tertiary hospitals to secondary or primary healthcare facilities.
Higher-level hospitals (i.e., tertiary hospitals) and senior physicians (i.e., specialists) can
charge higher service fees (Table 1). Third, the reform improved the availability of medicine
at primary healthcare facilities, especially for patients with chronic diseases. At primary
healthcare facilities, prescription duration for patients with non-communicable diseases
was extended from one month to two months.
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Table 1. Registration fee (RF) pre-reform and medical service fee (MSF) post-reform. Unit: CNY.

Tertiary Hospital Secondary Hospital Primary Hospital

RF MSF RF MSF RF MSF

Junior physicians 5 50 5 30 5 20
Associate chief physician 7 60 7 50 7 40

Chief physician 9 80 9 70 9 60
Senior physicians 14 100 14 90 14 80

Beijing was chosen as the pilot city to implement the reform on separating drug sales
from medical services. Evaluating the effect of this reform is beneficial as it helps the
government to understand the current patterns of health-seeking behavior and helps to
smoothen the start of the reform in other cities. Using Beijing’s public hospital reform
in 2017 as an example, the present study evaluates the effects of public hospital reform
by comparing the spatial and temporal patterns of health-seeking behavior (e.g., tertiary
hospital preference, hospital bypass, and the efficiency of the health-seeking behaviors of
patients, both pre-reform and post-reform). The specific data collection method and method
for inferring health-seeking trips from smart-card data are subsequently introduced.

3.2. Data Collection

As public hospital reform is a critical way to optimize healthcare utilization in urban
areas, areas within the sixth ring road were selected as the study area (Figure 1a). Datasets
regarding hospital facilities and smart-card data within the sixth ring road of Beijing were
collected pre-reform (June 2015) and post-reform (April 2017), and are described in the
following.
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Figure 1. (a) Study area within the sixth ring road of Beijing; (b) primary, secondary, and tertiary
public general hospitals, and subdistricts as basic statistical units.

Two categories of healthcare facilities can be found in Beijing, according to their
ownership: private hospitals and public hospitals. Public hospitals are fully managed and
funded by the state and are commonly characterized by crowding and long wait times. In
2017, 82% of inpatient care was provided by public hospitals [34], and these hospitals are
the main targets of the health reform. Thus, a total of 227 general hospitals within the sixth
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ring road of Beijing were identified from Baidu Map (2015, 2017) [35]. From April 2015
to June 2017, no new general hospital was built, and no current hospital was relocated in
the study area. It is worth noting that specialized hospitals, such as dermatology hospital,
maternity hospitals, and psychiatric hospitals, were excluded from this analysis because
they do not serve the general population. Public general hospitals and private general
hospitals were distinguished according to the information on hospital ownership provided
by their official websites. Finally, a total of 98 public general hospitals within the sixth ring
road of Beijing were extracted, including 32 primary, 17 secondary, and 48 tertiary hospitals
(Figure 1b).

Since January 2015, all bus lines in Beijing have adopted a distance-based fare system.
This system records trip information of passengers, such as card ID, operation date, board-
ing stop (latitude and longitude), boarding time, alighting stop (latitude and longitude),
and alighting time (Table 2). More than 21 million card records were collected with approx-
imately 6.5 million unique card users between 10 and 12 April 2015, and nearly 30 million
smart card records between 5 and 7 June 2017.

Table 2. Examples of smart card data records.

Card ID Trip Leg
ID

Operating
Date

Boarding Stop Alighting Stop

Latitude Longitude Time Latitude Longitude Time

0101 1 11 April 2015 116.402 39.942 07:00:00 116.453 39.956 07:36:00
0101 2 11 April 2015 116.453 39.956 09:08:00 116.468 39.952 10:12:00
0101 3 11 April 2015 116:468 39.952 17:25:10 116.402 39.942 18:10:20
0012 1 6 June 2017 116.470 39.867 8:10:00 116.450 39.856 8:30:20
0012 2 6 June 2017 116.450 39.856 12:30:43 116.470 39.867 12:46:53
0050 1 7 June 2017 116.398 39.975 11:30:35 116.444 39.711 12:30:40

3.3. Method for Inferring Health-Seeking Trips from Smart Card Data

Patients can be classified into inpatients and outpatients, according to their health-
seeking purposes. As inpatients often have severe illnesses, health reform might have
no significant effect on their hospital choices. Therefore, this study only focuses on the
health-seeking behavior of outpatients (referred to as patients hereafter). Using spatial and
temporal constrains proposed by Du et al., (2020) [13], patients’ health-seeking trips were
extracted from smart card data, in Beijing, for April 2015 and June 2017. Specifically, the
method of inferring health-seeking trips is described in the following. First, based on the
unique card ID, the trip chain, including several trip legs, were constructed for each card
ID. To identify the origins and destinations of trips, all transfer activities, identified by an
activity duration shorter than 20 min, and displacement shorter than 500 m, were identified
and removed. For each transfer-free trip chain, trip chains were extracted that contained a
pair of alighting and boarding bus stops that were both within walking distance (500 m)
of the same health facility. Then, the time duration between arrival trips and departure
trips was set within 50 and 300 min. Furthermore, the maximum frequency of health-
seeking was set as once every three days, which is consistent with the health-seeking
frequency of patients with chronic diseases. As the trip purposes of companions is not to
seek healthcare—only one trip in multiple, same, health-seeking trips (regarding boarding
and alighting time at all stops, origins, destinations, and time of stay in the healthcare
facilities) was utilized.

4. Effects of Beijing’s 2017 Public Hospital Reform on Patients’ Hospital Choices

Previous studies often measured the hospital choices of patients by their tertiary
hospital preferences and hospital bypass behaviors [36]. In addition, the efficiency of
health-seeking behaviors of patients might also be an efficient indicator of their hospital
choices, because rational hospital utilization would shorten the patient’s travel time to the
hospitals and wait time at the hospital, as well as deconcentrate the arrival time [13,37,38].
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The present study investigated the effects of Beijing’s public hospital reform in 2017 on
the hospital choices of patients by comparing their patterns in regard to tertiary hospital
preferences, hospital bypass, and the efficiency of health-seeking behaviors of patients
between pre-reform and post-reform.

4.1. Tertiary Hospital Preference

Statistically, Beijing’s public hospital reform in 2017 reduced the concentration of
patients in hospitals. The Gini coefficient of patient distribution in hospitals decreased
from 0.27 in 2015 to 0.24 in 2017. Moreover, the proportion of patients in the top 10%
of hospitals decreased by 1.5% post-reform, whereas the proportion in the top 20% of
hospitals only decreased by 0.5%. This implies that patient preference for tertiary hospitals
decreased. After the reform, the proportion of patients who sought healthcare in tertiary
hospitals decreased by 2%, whereas in secondary hospitals and primary hospitals increased
(Figure 2). In addition, more than 60% of tertiary hospitals have a decreased proportion of
patients. Nevertheless, the proportion of patients in hospitals with famous departments
nationwide (such as Tongren Hospital and Anzhen Hospital), did not decrease in response
to the reform. This is probably because the specialized treatments in these hospitals could
not be replaced by treatments in other hospitals. In general, it could be preliminarily con-
cluded that Beijing’s public hospital reform in 2017 promoted the health-seeking behavior
of secondary and primary hospitals and, thus, decreased the pressure on tertiary hospitals.
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Figure 2. Distributions of patients at different levels of hospitals both pre-reform and post-reform.

Spatially, the pre-reform and post-reform patterns of tertiary hospital choices were
compared by computing the difference of the percentage of patients who sought healthcare
in tertiary hospitals by subdistricts. This difference is presented in the form of multiples of
standard deviations (Figure 3). Multiples close to 0 imply a higher degree of consistency
and vice versa. This study assumes that there is no significant difference if the multiples
range between −0.5 and 0.5 [13]. After the reform, the preference for tertiary hospitals
of patients who lived in subdistricts far from tertiary hospitals decreased. For example,
before the reform, patients in the subdistricts Changyang and Yancun were more likely to
seek healthcare in Liangxiang Hospital (i.e., a tertiary hospital), whereas the likelihood
decreased after the reform. However, for patients near tertiary hospitals, the effects of
Beijing’s public hospital reform in 2017 varied by core urban areas and suburban areas. The
effect slightly increased the proportion of patients choosing tertiary hospitals in core areas
but had no obvious effect on patients in suburban areas. This result is reasonable because
the crowdedness of tertiary hospitals in core urban areas decreased after the reform and,
thus, more patients were attracted nearby. Tertiary hospitals in suburban areas were not as
crowded as those in the core urban areas, even before the reform. Thus, the reform might
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not change the attitude of patients toward tertiary hospital choices if they live near tertiary
hospitals in suburban areas.
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4.2. Hospital Bypass

Hospital bypass, i.e., the tendency to not seek healthcare at the hospital closest to the
patient, is a contributing factor for the inefficient usage of medical resources and one cause
of the mentality that “proper healthcare is difficult to get”. This study identifies hospital
bypass behavior, if patients do not choose their closest hospital, or hospitals within 3 km of
their residence when they seek healthcare [39,40]. The hospital bypass ratio is calculated
as the number of patients who showed bypass behavior divided by the total number of
patients in a certain area. Statistically, Beijing’s public hospital reform discouraged hospital
bypass in the whole study area, as the hospital bypass ratio decreased from 68.1% in 2015
to 65.9% in 2017. Regarding the attributes of hospitals nearby, the bypass ratios were
calculated for the patients near primary, secondary, and tertiary hospitals. It is worth
noting that patients were regarded as living near high-level hospitals if both low-level
and high-level hospitals were located within a 3 km buffer of their residence. The results
indicate that patients who lived near primary hospitals had the highest probability of
bypassing hospitals, followed by secondary hospitals and tertiary hospitals. For patients
who lived close to primary hospitals, the percentage of patients who displayed bypass
behavior decreased by about 3% after the reform. Moreover, the percentage of patients
who displayed bypass behavior living near secondary hospitals and tertiary hospitals were
about 1.5% and 0.3%, respectively. This indicates that Beijing’s public hospital reform
exerted the greatest influence on the hospital choice of patients near primary hospitals.

For comparison and visualization purposes, the spatial distribution of hospital bypass
was calculated by subdistricts as the percentage of patients who bypassed nearby hospitals
when seeking healthcare. Then, the difference of the hospital bypass ratios between pre-
reform and post-reform were computed and mapped in the form of multiples of the
standard deviation. As shown in Figure 4, the effects of Beijing’s 2017 public hospital
reform on the hospital bypass ratio were closely related to the distributions of healthcare
facilities. In subdistricts without healthcare facilities, the reform had no significant effect on
the hospital bypass ratio. Patients in these subdistricts had to travel a long distance to seek
healthcare both pre-reform and post-reform. However, for subdistricts with healthcare
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facilities, the reform clearly decreased the hospital bypass ratio in subdistricts located in the
suburban areas, whereas the hospital bypass ratio increased in core areas. This is probably
because the high medical cost and long travel distance incentivized patients with mild
illnesses to seek healthcare nearby. Hence, more healthcare resources are available for
patients in core areas, and they could choose facilities more freely.
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4.3. Efficiency of Patients’ Health-Seeking

In addition to traditional measurements, e.g., travel time to hospitals and wait time,
the pattern of arrival time is also a key indicator for the patients’ health-seeking efficiency.
This is because patients who seek healthcare in hospitals with a large volume of patients
need to arrive early, which represents low health-seeking efficiency (and vice-versa). In
addition, the authors argue that the time of stay at a hospital is a better indicator to reflect
the efficiency of patients’ health-seeking compared to the wait time. The reason is that the
time of stay not only includes the time waiting to see a doctor, but also the time waiting for
other medical services, such as blood tests and chest X-rays.

The implementation of Beijing’s public hospital reform in 2017 improved the efficiency
of health-seeking by shortening patients’ travel time to hospitals. After the reform, a pa-
tient’s average travel time in the study area shortened from 24.3 min to 22.2 min. Moreover,
the proportion of patients with travel times less than 30 min increased. For comparison,
and visualization purposes, the proportion of patients by time interval was computed as
a frequency distribution of travel time. Figure 5a depicts similar frequency distributions
of travel time pre-reform and post-reform, both of which show positive skewness distri-
butions, but with different peaks in 20–24 min and 5–14 min. Regarding travel time to
different levels of hospitals—Beijing’s public hospital reform exerted an obvious effect on
the travel time to tertiary hospitals. The average travel time to tertiary hospitals shortened
by 2 min, followed by secondary hospitals (1 min). The reform has not changed patients’
average travel times to primary hospitals.
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Figure 5. Frequency distributions of travel time to hospitals (a), time of stay at hospitals (b), and
arrival time (c) for both pre-reform and post-reform data.
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After the reform, the average time of stay at hospitals shortened from 152.2 to
145.5 min, which is further evidence that the reform enhanced the efficiency health-seeking
behaviors of patients. As shown in Figure 5b, the frequency distribution of the time of
stay at hospitals pre-reform and post-reform are both unimodal and right-skewed, but
the proportions of patients in each time interval are totally different. The proportion of
patients with a time of stay at hospitals less than 150 min greatly increased after the reform.
A comparison of the effects of Beijing’s public hospital reform in 2017 by hospital level
showed that it had the greatest impact on the time of stay at tertiary hospitals. The average
time of stay at tertiary hospitals shortened by about 7 min, whereas the time of stay at
secondary hospitals and primary hospitals only shortened by about 3 min and 1 min.

A comparison of patients’ arrival time patterns pre-reform and post-reform also
supports that Beijing’s public hospital reform improved the efficiency of patients’ health-
seeking. Figure 5c shows that both the arrival time pre-reform and post-reform have a
similar two-modal distribution, but with different peaks. The arrival time after the reform
peaked at 8:00–10:00 a.m. and 1:00–2:00 p.m., whereas the arrival time before the reform
peaked at 7:00–9:00 a.m. and 1:00–2:00 p.m. The morning peak hours occurred later.
Moreover, the proportion of patients who arrived at the hospitals during the morning peak
hours decreased. This is reasonable because Beijing’s public hospital reform in 2017 directed
patients with mild illnesses to seek healthcare at low-tier hospitals, which increased the
availability of medical resources in top-tier hospitals and reduced the necessity for early
arrival. Regarding the different levels of hospitals—the morning peak hours of tertiary
hospitals changed from 7:00–9:00 a.m. to 7:00–10:00 a.m. after the reform and, thus, the
proportion of patients in each hour decreased. Furthermore, no obvious change of morning
peak hours was found in secondary and primary hospitals.

5. Discussion

Overall, the results indicate that Beijing’s public hospital reform in 2017 had a positive
effect on optimizing hospital choice among different levels of hospital. The main findings
can be interpreted as follows:

First, Beijing’s public hospital reform in 2017 helped to promote the utilization of
secondary and primary hospitals and share the pressure that tertiary hospitals experienced.
Spatially, the effects of the reform on hospital choice and hospital bypass are both closely
related to the spatial distribution of hospitals. The reform significantly affected health-
seeking behaviors of patients in subdistricts with healthcare facilities. Because of the
long travel time and high medical service fees, when seeking healthcare for mild and
common illness, patients far away from tertiary hospitals might forgo high-quality medical
services and choose nearby healthcare facilities. Thus, as more healthcare resources become
available for patients in core areas, they can choose facilities more freely and are more
likely to seek high-quality healthcare resources. However, hospital choices by patients in
subdistricts without healthcare facilities are not sensitive to the reform. As patients in these
subdistricts have to travel long distances when seeking healthcare (both pre-reform and
post-reform), the reform might not affect tertiary hospital preference and hospital bypass
behavior.

Second, Beijing’s public hospital reform in 2017 shortened both the travel time and
the time of stay at hospitals. In addition, the morning health-seeking peak hours were
delayed. This is probably because patients with mild illnesses might choose secondary and
primary hospitals rather than tertiary hospitals. Moreover, an increased number of patients
would not cause pressure for secondary and primary hospitals as the efficiency of patients’
health-seeking in these hospitals retained the pre-reform level. This may also be evidence
that the reform promoted the rational utilization of healthcare resources at different levels
of hospitals.

Despite this, the effects of Beijing’s public hospital reform in 2017 remain limited, as the
distributions of patients at different levels of hospitals only changed slightly. Explanations
are summarized in the following. Community hospitals were excluded in this research as
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they are often close to patients’ homes, and patients are more likely to use non-motorized
travel modes when seeking healthcare from community hospitals [41]. After Beijing’s
public hospital reform in 2017, a number of patients might prefer seeking healthcare from
community healthcare facilities. Therefore, ignoring the data on health-seeking from
community healthcare facilities might underestimate the positive effects of the healthcare
reform.

To further optimize hospital utilization among different hospital levels, a number
of policy implications are proposed, mainly focusing on improving healthcare quality in
primary healthcare facilities and strengthening the referral system. First, measures should
be taken to establish an effective and reliable primary healthcare system. For instance,
primary hospitals should strengthen the medical training of their current doctors and staff.
Famous experts could be invited regularly for diagnosis and academic communication. In
addition, subsidies for the infrastructure and workforce of primary hospitals can attract
more doctors with professional reputations and strong skills. Second, the establishment
of the “Health Services Consortium” should be accelerated in Beijing, as this consortium
aims to strengthen the share of patients and resources among tertiary hospitals, secondary
hospitals, and primary hospitals. This strengthening is an efficient way to promote the
hierarchical medical treatment and optimize the usage of different hospital levels. Third, a
differential reimbursement system should be implemented, offering payment incentives
for services delivered at primary hospitals. In addition, the reimbursement ratio of patients
who go to high-level hospitals without a referral should be reduced or removed entirely.
Of course, patients with a history of severe illness may be treated differently. Finally, a
mandatory gatekeeper could also be considered.

Despite all of these advantages, two limitations need to be discussed. First, this study
simply defined hospital bypass as patients who chose not to use their closest hospital or
hospitals within 3 km of their residence when seeking healthcare, which does not consider
the designated hospitals of patients. For example, the designated hospitals of workers are
often decided by their employers, which might not be close to their locations of residence,
as identified from smart card data (this difference originates from differences between the
locations of residence and workplace). Other workers may also choose a tertiary hospital as
their designated hospital, which might be a famous hospital, it might also be far away from
their locations of residence or workplace. These phenomena might contribute to a high
hospital bypass ratio. Second, the reliability of these results remains debatable because of
the small data problem and, thus, further interpretations should focus on subdistricts with
a small number of patients.

6. Conclusions

Due to increased standards of living, patient preferences for high-quality resources
are becoming increasingly obvious, although this exacerbates the overcrowding of top-tier
hospitals and underutilization of primary hospitals. Numerous healthcare reforms have
been carried out at various governmental levels in China to alleviate these problems. To
evaluate the effectiveness of public hospital reforms, a series of studies assessed whether
the implemented public hospital reforms influenced patient attitudes toward primary care
and assessed related factors via traditional survey data. However, relatively little research
efforts have been directed toward the effects of a public hospital reform on the spatial and
temporal patterns of health-seeking behavior. Therefore, little is known about the effects
of public hospital reforms on the spatial differences of the hospital choices of patients.
Without such knowledge, health planners might be unable to devise effective interventions.
One major contribution of this study is the presentation of a comprehensive perspective
of the effects of public hospital reform on the hospital choices of patients and associated
spatial differences. This study used a large-volume dataset with high spatiotemporal
resolution, instead of simply surveying attitudes of patients toward primary care use.
As public hospital reform in China is still being implemented, this research provides a
time-efficient and comprehensive way to assess the effectiveness of public hospital reform.
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As Beijing is the first city to implement the reform of separating drug sales and medical
services across the whole city—the case study on Beijing may also serve as a reference for
related practices in other cities nationwide.
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Appendix A

Table A1. Reforms on medical services and drug sales since 2009.

Reform Year Measures on Medical Services Measures on Drug Supply

Opinions on deepening the
healthcare system reform. 2009

Completed the primary healthcare
system and constructed primary

healthcare facilities.

Introduced production, circulation,
price, usage, and reimbursement

policies for essential drugs.

Opinions on the pilot of public
hospital reform. 2010

Completed the plan of the construction of
primary healthcare facilities and

implemented public hospital reform in
pilot cities.

Implemented an essential drugs system
in 60% of primary healthcare facilities

and prioritized essential drugs in other
healthcare facilities.

Opinions on the pilot of public
hospital reform in urban areas. 2015

Built a compensation mechanism for
reduced drug markups and implemented

a relevant reform in pilot cities.

Removed drug price addition and
reduced price of medical investigations.

Guiding opinions of the general
office of the state council on

pushing forward the formation of
a hierarchical medical system.

2015

Differentiated the functions at different
levels of hospital, enhanced the primary

healthcare services, and promoted IT
application in the medical system.

–

Notice on promoting the pilot of a
hierarchical medical system. 2016

Selected 266 cities as pilot cities to
implement a hierarchical medical system,
enhanced the primary healthcare services,
established a family doctor system, and

built a health service consortium.

–

Notice on the implementation of a
comprehensive public hospital

reform.
2017

All cities should have issued a plan of
comprehensive public hospital reform

before 31 July 2017, and implemented it
until 30 September 2017.

Removed drug markups (except
Chinese Herbal Medicines) in all public

hospitals until 30 September 2017.

References
1. Li, X.; Lu, J.; Hu, S.; Cheng, K.; Maeseneer, D.J.; Meng, Q.; Mossialos, E.; Xu, D.R.; Yip, W.; Zhang, H.; et al. The primary

health-care system in China. Lancet 2017, 390, 2584–2594. [CrossRef]
2. Liu, Y.; Kong, Q.; Esther, W.B. Public preferences for health care facilities in rural China: A discrete choice experiment. Soc. Sci.

Med. 2019, 237, 112396. [CrossRef]
3. Liaropoulos, L.; Tragakes, E. Public/private financing in the Greek health care system: Implications for equity. Health Policy 1998,

43, 153–169. [CrossRef]
4. Wong, M.; Chau, P.H.; Goggins, W.; Woo, J. A geographical study of health services utilization among the elderly in Hong Kong:

From spatial variations to health care implications. Health Serv. Insights 2009, 2, 1–13. [CrossRef]
5. Laksono, D.A.; Wulandari, D.R.; Soedirham, O. Urban and rural disparities in hospital utilization among Indonesian adults. Iran.

J. Public Health 2019, 48, 247–255. [CrossRef] [PubMed]
6. Brown, P.H.; Theoharides, C. Health-seeking behavior and hospital choice in China’s New Cooperative Medical System. Health

Econ. 2009, 18, S47–S64. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(17)33109-4
http://doi.org/10.1016/j.socscimed.2019.112396
http://doi.org/10.1016/S0168-8510(97)00093-6
http://doi.org/10.4137/HSI.S3087
http://doi.org/10.18502/ijph.v48i2.819
http://www.ncbi.nlm.nih.gov/pubmed/31205878
http://doi.org/10.1002/hec.1508
http://www.ncbi.nlm.nih.gov/pubmed/19551751


Int. J. Environ. Res. Public Health 2021, 18, 8037 13 of 14

7. Wu, D.; Lam, T.; Lam, K.; Zhou, X.; Sun, K. Health reforms in China: The public’s choices for first-contact care in urban areas.
Fam. Pract. 2017, 34, 194–200. [CrossRef]

8. Jiang, S.; Min, R.; Fang, P. The impact of healthcare reform on the efficiency of public county hospitals in China. BMC Health Serv.
Res. 2017, 17, 838. [CrossRef]

9. Pan, X.; Kwan, M.P.; Yang, L.; Zhou, S.; Zuo, Z.; Wan, B. Evaluating the accessibility of healthcare facilities using an integrated
catchment area approach. Int. J. Environ. Res. Public Health 2018, 15, 2051. [CrossRef]

10. Wang, J.; Du, F.; Huang, J.; Liu, Y. Access to hospitals: Potential vs. observed. Cities 2020, 100, 102671. [CrossRef]
11. Kong, X.; Liu, Y.; Wang, Y.; Tong, D.; Zhang, J. Investigating public facility characteristics from a spatial interaction perspective: A

case study of Beijing hospitals using taxi data. ISPRS Int. J. Geo-Inf. 2017, 6, 38. [CrossRef]
12. Pelletier, M.P.; Trépanier, M.; Morency, C. Smart card data use in public transit: A literature review. Transp. Res. Part C Emerg.

Technol. 2011, 19, 557–568. [CrossRef]
13. Du, F.; Mao, L.; Wang, J.; Jin, H. Inferring transit-based health seeking patterns from smart card data—A case study in Beijing,

China. Health Place 2020, 65, 102405. [CrossRef]
14. Deng, J.; Sun, Y.; Lei, R.; Guo, Y.; Liu, J.; Yang, T. Status of healthcare workers after comprehensive reform of urban public

hospitals in Beijing, China: Sustainable supply, psychological perception, and work outcomes. Hum. Resour. Health 2019, 17, 77.
[CrossRef] [PubMed]

15. Carli, R.; Dotoli, M.; Pellegrino, R.; Ranieri, L. Measuring and managing the smartness of cities: A framework for classifying
performance indicators. In Proceedings of the 2013 IEEE International Conference on Systems, Man, and Cybernetics, Manchester,
UK, 13–16 October 2013; pp. 1288–1293.

16. Jiang, S.; Gu, Y.; Yang, F.; Wu, T.; Wang, H.; Cutler, H.; Zhang, L. Tertiary hospitals or community clinics? An enquiry into the
factors affecting patients’ choice for healthcare facilities in urban China. China Econ. Rev. 2020, 63, 101538. [CrossRef]

17. McGuirk, A.M.; Porell, W.F. Spatial patterns of hospital utilization: The impact of distance and time. Inquiry 1984, 21, 84–95.
18. Rechel, B.; Džakul, A.; Duran, A.; Fattore, G.; Edwards, N.; Grignon, M.; Haas, M.; Habicht, T.; Marchildon, P.G.; Moreno, A.; et al.

Hospitals in rural or remote areas: An exploratory review of policies in 8 high-income countries. Health Policy 2016, 120, 758–769.
[CrossRef]

19. Herberholz, C.; Phuntsho, S. Social capital, outpatient care utilization and choice between different levels of health facilities in
rural and urban areas of Bhutan. Soc. Sci. Med. 2018, 211, 102–113. [CrossRef]

20. Garrido, V.M.; Zentner, A.; Busse, R. The effects of gatekeeping: A systematic review of the literature. Scand. J. Prim. Health Care
2011, 29, 28–38. [CrossRef] [PubMed]

21. Godert, W.J.J.; Theodoor, J.P.P.; Maria, V.L.; Assendelft, W.J.J.; Westert, G.P.; Faber, M.J. Is the role as gatekeeper still feasible? A
survey among Dutch general practitioners. Fam. Pract. 2014, 31, 538–544.

22. Meng, Q.; Mills, A.; Wang, L.; Han, Q. What can we learn from China’s health system reform? BMJ 2019, 365, l2349. [CrossRef]
23. Zhou, Z.; Zhao, Y.; Shen, C.; Lai, S.; Nawaz, R.; Gao, J. Evaluating the effect of hierarchical medical system on health seeking

behavior: A difference-in-differences analysis in China. Soc. Sci. Med. 2021, 268, 113372. [CrossRef]
24. State Council of the People’s Republic of China. Opinions on Deepening the Healthcare System Reform. 2009. Available online:

http://www.china.org.cn/government/scio-press-conferences/2009-04/09/content_17575378.htm (accessed on 1 April 2021).
25. Ministry of Public Health of China; State Commission Office of Public Sectors Reform; State Development and Reform Commis-

sion; Ministry of Finance of the People’s Republic of China; Ministry of Human Resources and Social Security. Opinions on the
Pilot of Public Hospital Reform. 2010. Available online: http://www.gov.cn/gzdt/2010-02/24/content_1540062.htm (accessed
on 1 April 2021).

26. State Council of The People’s Republic of China. Opinions on the Pilot of Public Hospital Reform in Urban Areas. 2015. Available
online: http://www.gov.cn/zhengce/content/2015-05/17/content_9776.htm (accessed on 1 April 2021).

27. National Health and Family Planning Commission; State Administration of Traditional Chinese Medicine. Notice on Promoting
the Pilot of a Hierarchical Medical System. Available online: http://www.nhc.gov.cn/yzygj/s3593g/201608/7d264b533a3b403
cb8348d40cfb9a9d3.shtml (accessed on 1 April 2021).

28. State Council of The People’s Republic of China. Guiding Opinions of the General Office of the State Council on Pushing forward
the Formation of a Hierarchical Medical System. 2016. Available online: http://www.gov.cn/zhengce/content/2015-09/11
/content_10158.htm (accessed on 1 April 2021).

29. National Health and Family Planning Commission; Ministry of Finance of The People’s Republic of China; State Commission
Office of Public Sectors Reform; State Development and Reform Commission; Ministry of Human Resources and Social Security;
State Administration of Chinese Traditional Medicine; Medical Reform Office of the State Council. Notice on the Implementation
of a Comprehensive Public Hospital Reform. 2017. Available online: http://www.hnwsjsw.gov.cn/contents/409/30637.shtml
(accessed on 1 April 2021).

30. Lu, C.; Zhang, Z.X.; Lan, X.T. Impact of China’s referral reform on the equity and spatial accessibility of healthcare resources: A
case study of Beijing. Soc. Sci. Med. 2019, 235, 112386. [CrossRef]

31. Zeng, Y.; Xu, W.; Chen, L.; Chen, F.; Fang, Y. The Influencing factors of health-seeking preference and community health service
utilization among patients in primary care reform in Xiamen, China. Patient Prefer. Adherence 2020, 14, 653–662. [CrossRef]

http://doi.org/10.1093/fampra/cmw133
http://doi.org/10.1186/s12913-017-2780-4
http://doi.org/10.3390/ijerph15092051
http://doi.org/10.1016/j.cities.2020.102671
http://doi.org/10.3390/ijgi6020038
http://doi.org/10.1016/j.trc.2010.12.003
http://doi.org/10.1016/j.healthplace.2020.102405
http://doi.org/10.1186/s12960-019-0421-1
http://www.ncbi.nlm.nih.gov/pubmed/31660985
http://doi.org/10.1016/j.chieco.2020.101538
http://doi.org/10.1016/j.healthpol.2016.05.011
http://doi.org/10.1016/j.socscimed.2018.06.010
http://doi.org/10.3109/02813432.2010.537015
http://www.ncbi.nlm.nih.gov/pubmed/21192758
http://doi.org/10.1136/bmj.l2349
http://doi.org/10.1016/j.socscimed.2020.113372
http://www.china.org.cn/government/scio-press-conferences/2009-04/09/content_17575378.htm
http://www.gov.cn/gzdt/2010-02/24/content_1540062.htm
http://www.gov.cn/zhengce/content/2015-05/17/content_9776.htm
http://www.nhc.gov.cn/yzygj/s3593g/201608/7d264b533a3b403cb8348d40cfb9a9d3.shtml
http://www.nhc.gov.cn/yzygj/s3593g/201608/7d264b533a3b403cb8348d40cfb9a9d3.shtml
http://www.gov.cn/zhengce/content/2015-09/11/content_10158.htm
http://www.gov.cn/zhengce/content/2015-09/11/content_10158.htm
http://www.hnwsjsw.gov.cn/contents/409/30637.shtml
http://doi.org/10.1016/j.socscimed.2019.112386
http://doi.org/10.2147/PPA.S242141


Int. J. Environ. Res. Public Health 2021, 18, 8037 14 of 14

32. Zhou, S.; Zhuang, Y.; Yang, S.; Ma, X.; Yuan, B.; Xu, J.; Fang, H.; Liu, X.; Meng, Q. The comprehensive reform of separating drug
sales from medical services and its impact on outpatients and emergency medical flow in Beijing. Chin. J. Health Policy 2018, 11,
37–41.

33. People’s Government of Beijing Municipality. Implementation Plan for Comprehensive Reform on Separating Drug Sales from
Hospital Revenues. 2017. Available online: http://www.beijing.gov.cn/zhengce/zhengcefagui/201905/t20190522_60088.html
(accessed on 1 April 2021).

34. National Health Commission. China’s Health Statistics Yearbook 2018; Peking Union Medical College Press: Beijing, China, 2008.
35. Baidu Map [GS (2015) 5218]. 2015. Available online: https://api.map.baidu.com/lbsapi/getpoint/index.html (accessed on 1

April 2015).
36. Akin, J.; Hutchinson, P. Health-care facility choice and the phenomenon of bypassing. Health Policy Plan. 1999, 14, 135–151.

[CrossRef]
37. Sivey, P. The effect of waiting time and distance on hospital choice for English cataract patients. Health Econ. 2012, 21, 444–456.

[CrossRef] [PubMed]
38. Baker, C.L.; Bundorf, K.M.; Kessler, P.D. The effect of hospital/physician integration on hospital choice. J. Health Econ. 2016, 50,

1–8. [CrossRef] [PubMed]
39. Liu, J.; Bellamy, R.G.; McCormick, M. Patient bypass behavior and critical access hospitals: Implications for patient retention. J.

Rural Health 2007, 23, 17–24. [CrossRef]
40. Yang, G.; Song, C.; Shu, H.; Zhang, J.; Pei, T.; Zhou, C.H. Assessing patient bypass behavior using taxi trip origin-destination

(OD) data. ISPRS Int. J. Geo-Inf. 2016, 5, 157. [CrossRef]
41. Du, F.; Mao, L.; Wang, J. Determinants of travel mode choice for seeking healthcare: A comparison between elderly and

non-elderly patients. J. Transp. Geogr. 2021, 92, 103023. [CrossRef]

http://www.beijing.gov.cn/zhengce/zhengcefagui/201905/t20190522_60088.html
https://api.map.baidu.com/lbsapi/getpoint/index.html
http://doi.org/10.1093/heapol/14.2.135
http://doi.org/10.1002/hec.1720
http://www.ncbi.nlm.nih.gov/pubmed/21384464
http://doi.org/10.1016/j.jhealeco.2016.08.006
http://www.ncbi.nlm.nih.gov/pubmed/27639202
http://doi.org/10.1111/j.1748-0361.2006.00063.x
http://doi.org/10.3390/ijgi5090157
http://doi.org/10.1016/j.jtrangeo.2021.103023

	Introduction 
	Literature Review 
	Hospital Allocation and Health Reforms 
	Reforms for Optimizing Hospital Utilization in China since 2009 

	Study Design 
	Case Study—Beijing’s Public Hospital Reform in 2017 
	Data Collection 
	Method for Inferring Health-Seeking Trips from Smart Card Data 

	Effects of Beijing’s 2017 Public Hospital Reform on Patients’ Hospital Choices 
	Tertiary Hospital Preference 
	Hospital Bypass 
	Efficiency of Patients’ Health-Seeking 

	Discussion 
	Conclusions 
	
	References

