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Purpose: Although there is much debate about the effect of hospital competition on 
healthcare quality, its impact on the process of care remains unclear. This study aimed to 
determine whether hospital competition improves the process of care in rural China.
Patients and Methods: The county hospital questionnaire survey data and the randomly 
sampled medical records of bacterial pneumonia patients in 2015 in rural area of Guizhou, 
China, were used in this study. The processes of care for bacterial pneumonia were measured 
by the following three measures: 1) oxygenation assessment, 2) antibiotic treatment, and 3) 
first antibiotic treatment within 6 hours after admission. Hospital competition was measured 
by asking hospital directors to rate the competition pressure they perceive from other 
hospitals. Multivariate logistic regression models were employed to determine the relation-
ship between perceived competition and the processes of care for patients with bacterial 
pneumonia.
Results: A total of 2167 bacterial pneumonia patients from 24 county hospitals in 2015 were 
included in our study. Our results suggested that the likelihood of receiving antibiotic 
treatment and first antibiotic treatment within 6 hours after admission was significantly 
higher in the hospitals perceiving higher competition pressure. However, no significant 
relationship was found between perceived competition and oxygenation assessment for 
patients with bacterial pneumonia.
Conclusion: This study revealed the role of perceived competition in improving the process 
of care under the fee-for-service payment system and provided empirical evidence to support 
the pro-competition policies in China’s new round of national healthcare reform.
Keywords: perceived competition, market concentration, process of care, pneumonia, 
quality, healthcare reform

Introduction
Across the globe, many countries have been introducing competition in the health-
care market to improve healthcare delivery.1,5 However, for decades, there has been 
ongoing debate about whether the higher market competition is associated with 
better quality in healthcare, theoretically and practically.2,6 The proponents of 
competition believe that competition among healthcare providers might potentially 
benefit the holistic health system as it stimulates innovation, which in turn improves 
quality.7,8 On the other hand, the opponents argue that the healthcare market differs 
from the general product markets in several aspects, such as information asymmetry 
and uncertainty,2,9 which may result in reduced quality.10 A neutral viewpoint is 
that competition could be either helpful or harmful, depending on the context of the 
health system and the objectives considered.11
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To date, the empirical evidence pertaining to the rela-
tionship between competition and quality remains ambig-
uous: while some studies mainly from the United States 
and the United Kingdom suggested that more competitive 
markets have better inpatient healthcare quality,1,12,13 

others reported contradictory findings.14,15 Mutter et al16 

demonstrated that the measurement of quality may affect 
the estimation of the relationship between competition and 
quality.

In China, pro-competition policies have been introduced 
and implemented in healthcare reform.17 To promote the 
competition among hospitals, the Chinese government 
implemented the regulatory reform that enhances hospitals’ 
autonomy through separating government regulatory and 
operational control of public hospitals.18 In terms of the 
competition between public and private hospitals, the 
Chinese government relaxed the entry and business barriers 
for private hospitals.19 Over the past decades, China has 
made substantial progress in improving the quality in health 
services delivery, but the quality gap remains.20,21 A recent 
nationally representative study conducted by Jian et al22 

reported that the large-scaled tertiary hospitals in China 
had poor and varied performances in most process-based 
quality measures for common medical conditions such as 
acute myocardial infarction (AMI), cerebral ischemic 
stroke, chronic obstructive pulmonary disease, and bacterial 
pneumonia, implying that there is still significant room for 
quality improvement in China. Zhou et al23 also found 
similar results in patients with AMI admitted to 14 tertiary 
hospitals in Beijing. Given the daunting challenge of 
improving quality of care, understanding the potential role 
of hospital competition on improving the quality of care has 
become particularly important and would further provide 
evidence-based implications for China’s healthcare reform.

Compared with abundant theoretical and empirical 
research from the developed countries, the evidence from 
China focusing on the impact of competition on the quality 
of care remains scarce. Pan et al19 investigated whether 
hospital competition improves healthcare quality and cost 
using both provincial and individual level data, and found 
that the hospitals in a more competitive market provide 
better quality in outpatient services, such as lower obser-
vation room mortality and shorter outpatient waiting time. 
Lin et al24 reported that higher competition was associated 
with higher mortality for pneumonia inpatients, yet such 
evidence for patients with AMI was not found. Using the 
data of stroke inpatients from Sichuan province, Lu and 
Pan25 also did not find a significant association between 

competition and inpatient healthcare outcomes. Based on 
all these previous studies, it is not difficult to conclude 
that, despite the competition-driven policies in the Chinese 
healthcare market, whether hospital competition would 
play a positive role in improving the quality of care 
remains unclear.

There are two notable research gaps embedded in the 
existing literature. First, although the process of care is an 
important dimension of quality measurement,26 the asso-
ciation of competition with the process of care has not 
received adequate attention. To date, there are a few 
empirical studies exploring the relationship between com-
petition and process quality, but the consensus has not 
been reached. Specifically, using the outpatient claims 
data from 1997 to 2005 in Taiwan, Bennett et al27 found 
a robust and positive correlation between hospital compe-
tition and antibiotic use. Bijlsma et al28 investigated all 
Dutch general and academic hospitals during 2014–2018 
and found that hospital competition had significant effects 
on increasing the frequency of tests on chronic patients as 
well as the share of the diagnoses of breast cancer com-
pleted within 5 days. Croes et al29 found that higher 
competition was significantly associated with a higher 
process-based composite quality score for cataracts and 
bladder tumors in Dutch. However, Wani et al30 analyzed 
the longitudinal data from all acute care hospitals in 
California from 2007 to 2013 and developed a composite 
measure for assessing the process of care for common and 
serious medical conditions including AMI, heart failure, 
pneumonia, and surgical care improvement or the Surgical 
Care Improvement Project. For example, the components 
of the process of care for AMI included the percentage of 
patients given aspirin at discharge, the percentage of 
patients given fibrinolytic medication within 30 minutes 
of arrival, and the percentage of patients given percuta-
neous coronary intervention within 90 minutes of arrival. 
Through employing the mixed-effects model, they found 
that greater hospital competition reduced the process of 
care. Second, previous studies mainly focus on the 
Western countries, especially the United States and the 
United Kingdom, with a limited knowledge gained else-
where. It is noteworthy that there are many structural 
differences in the healthcare delivery system and policy 
environment across countries. For example, the public 
hospitals dominate the healthcare market under regulated 
prices in China, while the private hospitals serve as the 
main providers of healthcare services in the 
United States.19 The hierarchical medical systems have 
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been well-established in the developed countries, while it 
remains underdeveloped in China.31 Almost the entire 
population in China were covered by the basic social 
health insurance programs,32 while about 10.3% of the 
population under age 65 in the United States remained 
uninsured in 2017.33 These structural differences inherent 
in healthcare systems among different countries might 
potentially complicate the association between hospital 
competition and quality of care.34

Our study, using the data from county hospitals in 
rural China, aimed to advance the existing literature on 
hospital competition and quality of care in two important 
ways. First, we focused on process-based quality mea-
sures for bacterial pneumonia which were not much 
studied in previous literature. Bacterial pneumonia is 
known as a common medical condition,22,35 with which 
patients usually have discretion in choosing hospitals.14 

More importantly, payment systems would potentially 
affect the providers’ incentives to compete in the health-
care market.36 Therefore, our empirical evidence derived 
from rural China with the fee-for-service payment sys-
tem was expected to provide implications for other coun-
tries with similar settings in healthcare delivery. Second, 
the Herfindahl-Hirschman Index (HHI) has been com-
monly used in previous studies to measure hospital 
competition.1,14,25,37 However, as further described in 
the following section, the HHI for competition measure-
ment may ignore the potential competitors in the market 
area.38,39 Based on previous studies,40,42 we developed 
a county hospital questionnaire and surveyed the hospital 
directors to measure the degree of perceived competition 
for each hospital. This measure reflects the competition 
pressure perceived by hospital directors and could 
address the drawback of objective competition indicators 
(ie, HHI), which might explain the hospital behaviors to 
improve their competitive position in the healthcare 
market.

Materials and Methods
Data
Guizhou is one of the provinces in southwestern China 
containing 88 counties. In 2017, there were 19.3 million 
rural residents and 16.5 million urban residents, with an 
average gross domestic product (GDP) per capita of 
37,956 yuan (about 5622 US dollars).43

The data in this study were retrieved from the Analysis 
of Provider Payment Reforms on Advancing China’s 

Health project.44 This project was designed to evaluate 
the impact of the payment reform that switches the New 
Rural Cooperative Medical Scheme (NCMS) from paying 
county hospitals using a fee-for-service scheme (post- 
payment) to a global budget scheme (prepayment) in 
rural Guizhou. The first wave of payment reform in 
Guizhou was implemented in 2016, followed by wave 
2 in 2017. A total of 56 counties were initially involved 
and assigned to treatment and control groups using 
a matched-pair cluster randomization strategy. Among 
28 treatment counties, there were 16 counties that fully 
accomplished the two waves of payment reform. For the 
rest of the treatment counties that did not accomplish the 
payment reform, the whole pairs (including both treatment 
and control) were excluded from the evaluation. Finally, 
a total of 32 eligible counties were included for evaluation.

In this study, we focused on the year before the launch 
of the payment reform in rural Guizhou, because all those 
county hospitals were under the fee-for-services payment 
system in 2015, which would be ideal for examining the 
association between competition and healthcare quality in 
a market with a single payment system. The county hos-
pital questionnaire was used to collect detailed hospital 
information, including hospital’s general characteristics 
(ie, hospital type, hospital level, ownership, profit status), 
staffing level (ie, the number of doctors, the number of 
registered nurses), financial statement (ie, total revenue 
and expense), internal governance (ie, director-in-charge 
management system, director appointment, director perfor-
mance assessment), leadership (the intensity of perceived 
competition, source of competition), and provider payment 
method (ie, payment method for outpatient and inpatient 
services). For each county hospital, we conducted chart 
reviews for patients admitted with bacterial pneumonia 
using the following strategy. First, the diagnoses in the 
claims data from county hospitals were recorded in the 
form of unstandardized disease names (in Chinese) instead 
of using the International Classification of Diseases codes, 
and therefore required a thorough review and re-coding 
process conducted by Chinese clinicians familiar with 
local clinical practices. Patients with various types of 
bacterial pneumonia were included in this study, such as 
pneumonia due to Streptococcus pneumoniae and pneu-
monia due to Klebsiella pneumoniae. The medical record 
identification numbers of all patients with bacterial pneu-
monia for each given hospital were provided by hospitals. 
Then, 120 cases of bacterial pneumonia were randomly 
selected. If a hospital had fewer than 120 admissions, all 
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cases were selected. Finally, clinical experts with at least 
10 years of clinical experience reviewed all medical 
records and extracted relevant quality measures for each 
case from each hospital. Given the limited study budget, 
we focused on 26 county hospitals that were involved in 
the first wave of payment reform. The county hospital 
questionnaire survey data and hospital quality data were 
linked using the unique hospital identification number.

The following criteria were used to include and 
exclude observations. First, we included a total of 3072 
randomly selected bacterial pneumonia patients who were 
admitted to the 26 county hospitals in 2015. Second, after 
the chart reviews, we excluded patients with missing med-
ical records or incorrect principal diagnosis (n=793). 
Third, patients admitted to two hospitals were excluded 
(n=112) because these two hospitals had missing data in 
competition measurement. Finally, a total of 2167 obser-
vations from 24 hospitals were included in our final data-
set for analysis (Supplementary Table 1).

Process of Care Measurement
We focused on process-based quality measures in this 
study for the following reasons. First, even though process 
quality measures are an essential management tool for 
monitoring hospital performance, the extant literature has 
paid little attention to the association of competition with 
process quality. Second, the process of care could recog-
nize the trade-off faced by hospitals in allocating con-
strained resources.30 Hospitals in a competitive market 
might allocate more resources and devote more efforts to 
some aspects of process quality that attract more patients, 
while other dimensions of process of care would receive 
less resources and efforts. Third, compared with outcome 
measures (ie, mortality and readmission), process quality 
measures are less noisy as they depend less on the exo-
genous circumstances such as patient demographics and 
severity of illness.28,30 Thus, an extensive risk adjustment 
model would be unnecessary for the process of care.

The following process quality measures for bacterial 
pneumonia were collected in our study: (1) oxygenation 
assessment, (2) effective dose of sputum culture prior to 
initial antibiotic treatment, (3) antibiotic treatment, (4) 
first antibiotic treatment within 6 hours after admission, 
(5) influenza vaccination, (6) pneumococcal vaccination, 
and (7) adult suggestion/advice on quitting smoking. 
These process quality measures for bacterial pneumonia 
have been commonly used in previous studies22,45,46 and 
endorsed by the Hospital Quality Alliance framework in 

the United States35 and the Advancing Quality frame-
work in the United Kingdom.47 In addition, all these 
measures were consistent with the Tertiary General 
Hospital Accreditation Criteria,48 the Secondary 
General Hospital Accreditation Criteria,49 and the clin-
ical guidelines issued by the Chinese Medical 
Association.50 For example, the clinical guideline for 
community-acquired pneumonia in China recommended 
that the first antibiotic treatment should be initiated as 
soon as possible after the diagnosis,50 and the “Tertiary 
General Hospital Accreditation Criteria” and the 
“Secondary General Hospital Accreditation Criteria” 
specified that the first antibiotic treatment for commu-
nity-acquired pneumonia should be initiated within 4 
hours after the distinct diagnosis.48,49 Considering the 
time slot between admission and diagnosis, it would be 
appropriate to use the first antibiotic treatment within 6 
hours after admission in this study.

We excluded several process quality measures in our 
following analyses. Both the “Tertiary General Hospital 
Accreditation Criteria” and the “Secondary General 
Hospital Accreditation Criteria” in China have empha-
sized the “Etiological examination” as an indispensable 
diagnostic test for serious cases. However, such require-
ment failed to specify whether the blood or sputum 
culture should be adopted for checking pathogens.48,49 

Therefore in this study, we did not include the sputum 
culture in our analyses. In addition, since the influenza 
and pneumococcal vaccines were not recommended as 
routine treatment for pneumonia patients in China,50,51 

the average rate of influenza vaccination and pneumo-
coccal vaccination in our sample were found to be extre-
mely low (0.42% and 0.05%, respectively). Thus, both 
influenza vaccination and pneumococcal vaccination 
were excluded from our analyses. Moreover, smoking 
cessation advice was also excluded from our analyses 
as more than 90% of observations reported missing data 
in this aspect. After the abovementioned exclusions, 
three process quality measures for bacterial pneumonia 
remained: 1) oxygenation assessment, 2) antibiotic treat-
ment, and 3) first antibiotic treatment within 6 hours 
after admission. The definitions of these process quality 
measures are presented in Supplementary Table 2.

The appropriate treatment process would lead to better 
health outcomes. According to the previous relevant 
studies,22,45 China’s “Tertiary General Hospital Accreditation 
Criteria” and the “Secondary General Hospital Accreditation 
Criteria”,48,49 as well as the quality assessment frameworks in 
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the United States and the United Kingdom,35,47 the hospitals 
providing antibiotic treatment and first antibiotic treatment 
within 6 hours after admission for patients diagnosed with 
bacterial pneumonia would have better quality performance 
than others.

Competition Measurement
Most studies adopted HHI to measure hospital competition 
in the healthcare market.1,14,25,37 Defining market area is 
the first step to calculate HHI. To define market area, 
various approaches have been proposed and broadly 
employed in the literature, including geopolitical bound-
aries (ie, county, city, metropolitan area), fixed radius (ie, 
15 miles), and variable radius (ie, 75% of the hospital’s 
discharges). However, the main drawback embedded in the 
existing approaches is the incapacity of capturing the 
potential competitors well.39 Both geopolitical boundaries 
and fixed radius approaches share the same drawback of 
assuming that the urban and rural hospitals have the same 
market area. The urban hospitals may compete with a few 
close hospitals in a small market area, while rural hospitals 
may compete with hospitals beyond the geopolitical 
boundaries or the fixed radius.52 In terms of the variable 
radius approach, a circular market area for each hospital is 
defined based on patients’ residence and actual hospital 
choice, but it would ignore the possible substitution faced 
by patients. For example, assuming two identical hospitals 
in a defined market area, the patients always choose the 
closest hospital, so the two hospital would not compete 
with each other. However, when the quality of a hospital 
decreased or costs increased, patients would choose the 
other hospital, indicating that these two hospitals are 
competitors.38 Thus, the potential competitors might be 
different from the competitors identified objectively by 
various definitions of market area.53 This is particularly 
true in China’s healthcare market. First, the growing pri-
vate hospitals tend to pose greater competition pressures to 
public hospitals, compared with their relatively smaller 
market shares.19 Second, patients are free to seek care 
among hospitals, thus the competitors for a hospital are 
not limited to a specific geopolitical boundary or fixed 
radius. Third, the development of medical alliances 
among healthcare providers are encouraged by the 
government.54 The hospitals in the same medical alliance 
cooperate with each other rather than compete.

Accounting for the potential limitations of objective 
competition measures, some studies alternatively employed 
perceived competition and suggested that competitive 

behaviors occur when the managers of organizations per-
ceive a threat from competitors, regardless of the objective 
level of competition.40,42 Following previous studies,40,42 

we measured the degree of perceived competition through 
a questionnaire survey. Hospital directors were asked to rate 
the competition pressure they perceived from other hospi-
tals in their local market, on a 3-point scale (1=intense, 
2=some, 3=no). Among 24 county hospitals in this study, 
14 (58.3%) hospitals perceived intense competition pres-
sure, nine (37.5%) reported some competition pressure, 
while only one hospital (4.2%) responded that they faced 
no competition. For easy interpretation, we combined 
“some competition pressure” and “no competition pres-
sure” into the low competition group, as a reference group 
for the high competition group (“intense competition pres-
sure”). For the hospitals perceiving some or intense compe-
tition, we further asked where the competition pressure 
mainly came from: out-of-county hospitals, within-county 
hospitals, or other. Eight (34.8%) and 14 (60.9%) hospitals 
perceived competition from within-county and out-of- 
county hospitals, respectively, while one hospital responded 
its competition pressure deriving from false advertisement.

Control Variables
A set of patient- and hospital-level covariates were con-
trolled in our analyses. Due to data limitations, we were 
only able to include age as a patient-level covariate. 
Considering that the process of care assesses the extent 
to which providers adhere to the guidelines and does not 
require extensive risk adjustment modeling,30,55 we 
assumed that other patient level covariates such as gender 
and severity of illness would not affect the process of care.

At the hospital level, in addition to the perceived 
competition, we included the following covariates: 
whether a traditional Chinese medicine hospital, 
whethera tertiary hospital, whether a first-class hospital, 
the number of hospital beds, the number of doctors and 
nurses per 100 beds. All hospitals in China are classified 
into three categories: primary (level 1), secondary 
(level 2), and tertiary (level 3), and there are three classes 
for each level: first-class, second-class, and third-class. 
The traditional Chinese medicine hospitals mainly provide 
internal medicine services, while the general hospitals 
provide comprehensive services, including internal medi-
cine and surgery services. All sample hospitals in this 
study were public and non-profit hospitals. The definitions 
of all control variables are presented in Supplementary 
Table 2.
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Statistical Analysis
In descriptive analysis, t-test or analysis of variance was 
used to compare continuous variables, while Chi-square 
test or Fisher exact test for categorical variables.

In our primary analysis, we used multivariable logistic 
regressions to analyze the association between perceived 
competition and three process quality measures for bacter-
ial pneumonia. The model is set as follows:

Yij¼ β0þβ1Compjþβ2Patientijþβ3Hospitaljþ�ij 

where Yij is our main dependent variable of interest, 
which indicates the process quality of patient i admitted 
to hospital j. For example, Yij equals one for bacterial 
pneumonia when patient i receives first antibiotic treat-
ment within 6 hours after the admission to hospital j and 
zero otherwise. Compj denotes the competition intensity 
that the director of hospital j perceives. Patientij and 
Hospitalj are the patient- and hospital-level covariates, 
respectively. εij is the error term. Clustered robust stan-
dard error at hospital level is used to adjust for intra- 
group correlation when multiple patients were included 
for the same hospital. Model performance is measured 

by the c-statistic, which specifies how well a model can 
differentiate between patients with different outcomes. 
A value above 0.7 indicates an acceptable discrimination, 
while above 0.8 an excellent discrimination.56

In our secondary analysis, we excluded the patients 
admitted to the hospitals with “no competition pressure” 
(n=93) and “inappropriate market competition” (n=29). 
The competition source was categorized into within- 
county and out-of-county groups, with the within-county 
group as the reference. A subsample of 2045 patients in 
22 hospitals were included to explore the interaction rela-
tionship between perceived competition and competition 
source.

All data managements were processed in RStudio 
(Version 1.3.459). The statistical analyses were performed 
in Stata (Version 14.0 SE, Stata Crop, Chicago, IL, USA). 
P<0.05 is used to determine statistical significance.

Results
Descriptive Statistics
Table 1 shows the descriptive statistics of patient and 
hospital characteristics stratified by perceived competition. 

Table 1 Patient and Hospital Characteristics

Competition Total P-value

High Low

Patients 1176 991 2167

Hospitals 14 10 24

Patient characteristics
Age 23.41 (29.15) 14.81 (25.85) 19.48 (28.01) <0.001

Hospital characteristics
Whether TCM hospital <0.001

No 551 (41.34) 782 (58.66) 1333 (61.51)
Yes 625 (74.94) 209 (25.06) 834 (38.49)

Whether tertiary hospital <0.001
No 1176 (57.03) 886 (42.97) 2062 (95.15)

Yes 0 (0.00) 105 (100.00) 105 (4.85)

Whether first-class hospital <0.001

No 85 (21.52) 310 (78.48) 395 (18.23)
Yes 1091 (61.57) 681 (38.43) 1772 (81.77)

Beds/100 3.67 (1.93) 3.75 (1.49) 3.71 (1.74) 0.25
Nurses per 100 beds 44.79 (11.07) 44.17 (7.88) 44.51 (9.74) 0.14

Doctors per 100 beds 21.21 (8.05) 21.74 (7.20) 21.45 (7.67) 0.11

Notes: Data are presented as mean (standard deviation) for continuous variables and weighted number (percentage) of row totals for high and low competition groups. 
Estimated counts were rounded to the nearest unit, and thus, totals across categories may differ from the calculated sums. P-values are calculated using t-test or analysis of 
variance for continuous variables and the Pearson χ2 test or Fisher exact test for categorical variables. 
Abbreviation: TCM, Traditional Chinese Medicine.
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A total of 2167 bacterial pneumonia patients from 24 
hospitals in rural Guizhou in 2015 were identified, with 
an average age of 20 years old. Compared with the 
patients admitted to the hospitals perceiving high competi-
tion, the patients in the low competition group were 
younger (Table 1). In total, 1176 patients (54.3%) were 
treated in the hospitals perceiving high competition, and 
1333 (61.5%) in the general hospitals. Most patients 
(95.2%) received treatments in the secondary hospitals, 
and 1772 (81.8%) chose the first-class hospitals. There 
were no significant differences between high and low 
competition groups in hospital beds, nurses, and doctors.

Table 2 presents the performance of process of care for 
bacterial pneumonia patients, as well as the comparisons 
between high and low competition groups. Overall, 49 patients 
(2.3%) had a documented oxygenation assessment, 2070 
patients (95.5%) received antibiotic treatment, and 1975 
patients (91.1%) received first antibiotic treatment within 6 
hours after admission. Compared with low competition group, 
the high competition group had significantly better perfor-
mance in antibiotic treatment (96.9% vs 94.0%, P<0.001) 
and first antibiotic treatment within 6 hours (94.1% vs 
87.7%, P<0.001).

Regression results
Table 3 reports the association of perceived competition with 
process of care for bacterial pneumonia after adjusting for the 
patient- and hospital-level characteristics. The c-statistics are 
above 0.7 for three regression models, indicating that the 
models demonstrated excellent performance in differentiating 
patients who receive appropriate process of care from patients 
who do not receive. As shown in column 1 of Table 3, there is 
no significant relationship between perceived competition and 

oxygenation assessment, with a coefficient of −0.645 (P>0.1). 
The association of perceived competition with antibiotic treat-
ment is presented in column 2 of Table 3, which indicates 
hospitals perceiving higher competition are more likely to 
provide antibiotic treatment for patients with bacterial pneu-
monia (P<0.05). Our result in column 3 of Table 3 suggests 
that the likelihood of receiving first antibiotic treatment within 
6 hours after admission is significantly higher in the hospitals 
perceiving higher competition pressure (P<0.001). Patients 
admitted to hospitals with a higher number of nurses per 
100 beds have decreasing odds of receiving antibiotic treat-
ment and first antibiotic treatment within 6 hours (P<0.001).

Table 4 shows the results of an interaction model adding 
the interaction term of perceived competition with the source 
of competition pressure. However, the estimates of all inter-
action terms are insignificant (P>0.1), which suggests that 
there is no significant interaction relationship between per-
ceived competition and the source of competition pressure.

Robustness Checks
For robustness check, we used the following three strategies. 
First, we combine the hospitals perceiving “some competi-
tion pressure” and “no competition pressure” in our primary 
analysis, which might result in biased estimation of perceived 
competition effects. Therefore, we repeat our primary analy-
sis after excluding patients admitted to the hospitals perceiv-
ing “no competition pressure”. Second, due to the difference 
in staff qualification between secondary and tertiary hospi-
tals, the treatment guideline adherence of pneumonia in 
tertiary hospitals might be better than that in secondary 
hospitals. Thus, we exclude the patients admitted to tertiary 
hospitals to test the robustness of our findings. Third, we use 
the cluster standard errors at the county level to account for 

Table 2 Performance of Individual Process of Care for Patients with Bacterial Pneumonia

Process of Care High Competition Low Competition Total P-value

(N=1176) (N=991) (N=2167)

Oxygenation assessment 0.48

No 1147 (97.53) 971 (97.98) 2118 (97.74)
Yes 29 (2.47) 20 (2.02) 49 (2.26)

Antibiotic treatment <0.001
No 37 (3.15) 60 (6.05) 97 (4.48)

Yes 1139 (96.85) 931 (93.95) 2070 (95.52)

First antibiotic treatment within 6 hours <0.001

No 70 (5.95) 122 (12.31) 192 (8.86)
Yes 1106 (94.05) 869 (87.69) 1975 (91.14)

Notes: Data are presented as weighted number (percentage) of column totals. p-values are calculated using Pearson χ2 test or Fisher exact test for categorical variables.
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the dependency of patients in the same county. Table 5 
reports the results of robustness checks. For the sake of 
clarity, we only show the estimated competition coefficients. 
The results are similar with our primary analysis in terms of 
the signs and statistical significance of the coefficient esti-
mates, showing the robustness of our primary results.

Discussion
In this study, we investigated the association between 
perceived competition and the process of care for patients 
with bacterial pneumonia under the fee-for-service 

payment system in rural China. Controlling for patient 
and hospital characteristics, we found that higher per-
ceived competition was positively associated with 
improved process of care for patients with bacterial pneu-
monia in terms of antibiotic treatment and first antibiotic 
treatment within 6 hours after admission, which was con-
sistent with previous studies.28,29 These findings suggested 
that, under the fee-for-service payment system, a higher 
level of perceived competition among hospitals might 
probably serve as an incentive for attracting bacterial 
pneumonia patients through providing more effective and 
timely antibiotic treatment. This incentive may be stronger 
for the care treating the non-acute conditions. Compared 
with acute symptomatic illnesses such as stroke and AMI, 
patients with pneumonia tend to have more autonomy in 

Table 3 The Relationship Between Perceived Competition and 
Process of Care

Oxygenation 
Assessment

Antibiotic 
Treatment

First 
Antibiotic 
Treatment 
Within 
6 hours

Competition

Low (reference)

High −0.645 1.015* 0.841***

(0.814) (0.398) (0.240)

Age 0.019** 0.025* 0.010

(0.007) (0.011) (0.006)

Whether TCM

No (reference)

Yes 0.906 −5.116*** −2.715***

(0.983) (0.814) (0.639)

Whether tertiary

No (reference)

Yes 0.017 1.024 −0.392

(1.762) (1.098) (0.756)

Whether first-class

No (reference)

Yes 1.752 3.531*** 1.834**

(1.519) (0.868) (0.660)

Beds/100 0.824*** −0.662** −0.330*

(0.232) (0.204) (0.139)

Nurses per 100 beds −0.030 −0.137*** −0.067***

(0.041) (0.028) (0.019)

Doctors per 100 

beds

0.084 −0.055* −0.023

(0.050) (0.024) (0.021)

Observations 2167 2167 2167

Number of hospitals 24 24 24

C-statistic 0.787 0.886 0.788

Pseudo R-squared 0.110 0.284 0.182

Notes: TCM indicated Traditional Chinese Medicine. Robust standard errors 
clustered at the hospital in parentheses. *P<0.05, **P<0.01, ***P<0.001.

Table 4 The Interaction Relationship Between Perceived 
Competition and Competition Source

Oxygenation 
Assessment

Antibiotic 
Treatment

First Antibiotic 
Treatment 
Within 6 hours

Competition

Low (reference)

High −0.447 0.889 0.653**

(1.257) (0.473) (0.237)

High 

competition 
# Out-of- 

county

−0.521 0.606 0.708

(1.767) (0.408) (0.516)

Competition source

Within-county (reference)

Out-of- 

county

0.146 0.037 0.041

(0.880) (0.258) (0.225)

Other 
control 

variables

Yes Yes Yes

Observations 2045 2045 2045
C-statistic 0.788 0.881 0.797

Pseudo 

R-squared

0.120 0.279 0.186

Notes: All models above adjusted for patient and hospital characteristics, including 
age, whether traditional Chinese medicine hospital, whether tertiary hospital, 
whether first-class hospital, bed size, number of nurses per 100 beds, and number 
of doctors per 100 beds. The estimated coefficients of the other control variables 
are available from the authors on request. Robust standard errors clustered at the 
hospital in parentheses. **P<0.01.
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choosing their healthcare providers,24 thus enabling them 
to seek alternative providers when suffering the delay of 
antibiotic treatment.

Our findings also indicated that the impact of perceived 
competition on the process of care varied with quality 
measures. An unexpected finding was that hospitals with 

higher perceived competition were less likely to provide 
oxygenation assessment for patients with bacterial pneu-
monia, despite the insignificance of such effect in our 
results. Confronted with intensified market competition, 
hospitals tend to prioritize the quality that is more easily 
understood or observed by patients than the unobservable 
quality.30 For example, Propper et al57 reported that hos-
pitals in competitive markets tend to reduce the patients’ 
waiting time (observable quality) while having higher 
AMI mortality (unobservable quality). Likewise, since 
antibiotic treatment is widely known as an essential treat-
ment method for bacterial pneumonia, it has become much 
more discernable for patients compared with the oxygena-
tion assessment. As a result, hospitals are much more 
likely to pay more attention to antibiotic treatment (obser-
vable quality) than oxygenation assessment (unobservable 
quality).

As part of our findings, a strong negative association 
between the number of nurses per 100 beds and antibiotic 
use was identified, which differed from previous studies 
conducted in other settings. Fine et al58 reported that the 
higher registered nurse-bed ratio is associated with timely 
antibiotic administration for patients hospitalized with 
pneumonia in the United States. Haug et al59 also found 
a similar positive correlation between nursing staffing 
level and antibiotic use based on the analysis of the data 
retrieved from health enterprises in Norway. The opposite 
relationship between nurse staffing and the process of care 
in our study would represent the fact that the hospitals 
with poor healthcare quality tend to increase their nurse 
staffing, which needs further investigation in future 
studies.

Our study provided empirical evidence that perceived 
competition was associated with improved process of care 
for patients with bacterial pneumonia. However, Lin et al24 

used predicted HHI to measure hospital competition in 
Shanxi province, China, and found that higher hospital 
competition was associated with higher in-hospital mortal-
ity for patients with pneumonia. There are two possible 
explanations for such contradictive findings. First, a better 
process of care may not lead to better outcomes. Although 
some observational studies found significant associations 
between the process of care and the outcomes for patients 
hospitalized with pneumonia,60–62 contradictive results 
were also reported by other researchers. For example, 
Ryan et al63 examined the relationship between 
Medicare’s process of care quality measures and the mor-
tality for pneumonia, reporting that there was no causal 

Table 5 Robustness Checks

Oxygenation 

Assessment

Antibiotic 

Treatment

First 

Antibiotic 

Treatment 

Within 

6 hours

a) Excluding patients admitted to hospitals perceiving no 

competition pressure

Competition

Low (reference)

High −0.696 1.137** 0.975***

(0.842) (0.429) (0.252)

Other control 

variables

Yes Yes Yes

Observations 2074 2074 2074

C-statistic 0.781 0.883 0.792

Pseudo R-squared 0.110 0.279 0.184

b) Excluding patients admitted to tertiary hospitals

Competition

Low (reference)

High −0.644 1.089** 0.901***

(0.815) (0.399) (0.242)

Other control 

variables

Yes Yes Yes

Observations 2062 2062 2062

C-statistic 0.787 0.856 0.730

Pseudo R-squared 0.109 0.202 0.086

c) Clustered standard errors at the county level

Competition

Low (reference)

High −0.645 1.015* 0.841**

(0.815) (0.434) (0.304)

Other control 

variables

Yes Yes Yes

Observations 2167 2167 2167

C-statistic 0.787 0.886 0.788

Pseudo R-squared 0.110 0.284 0.182

Notes: All models above adjusted for patient and hospital characteristics, including 
age, whether Traditional Chinese Medicine hospital, whether tertiary hospital, 
whether first-class hospital, bed size, number of nurses per 100 beds, and number 
of doctors per 100 beds. We report the estimated competition coefficients for 
clarity. The estimated coefficients of the control variables are available from the 
authors on request. Unless otherwise indicated, robust standard errors clustered at 
the hospital in parentheses. *P<0.05, **P<0.01, ***P<0.001.
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relationship between hospital-level process of care perfor-
mance and mortality. Another study conducted by Lee 
et al45 investigated the association between the process 
of care and the outcomes for pneumonia patients in 
Connecticut and Pennsylvania and reported similar find-
ings. Second, objective and subjective competition mea-
sures may exert different effects on quality of care. Zinn 
et al40 investigated the predictors of total quality manage-
ment adoption in nursing homes and found that perceived 
competition was significantly associated with total quality 
management adoption, but the objective competition mea-
sures (ie, HHI, excess capacity, and availability of substi-
tutes) were not. Their explanation was that the managers 
of nursing homes tend to take necessary arrangements only 
when they perceive a competitive threat, regardless of the 
degree of objective competition.

Under the fee-for-service payment system, the compe-
tition perceived by hospital managers in rural China has 
potential impacts on the process of care. Our empirical 
findings supported the pro-competition policies in China’s 
healthcare reform. However, different payment systems 
might provide different incentives for hospitals in terms 
of healthcare delivery, which would potentially affect the 
effects of market competition on quality improvement.36 

For example, under the DRGs payment system, the gov-
ernment sets a fee for each diagnosis-related group, 
regardless of the quality of treatment supplied by the 
hospitals. As this system is designed for cost containment, 
hospitals would have an incentive to adopt the most cost- 
effective treatment and have less concern about the quality 
of treatment. As a result, hospitals might have no incentive 
to improve quality of care. In terms of the capitation 
payment, hospitals are incentivized to provide more pre-
ventive care for less treatment expenses in the future. 
Meanwhile, hospitals have a strong incentive to reduce 
treatment intensity as more volume means less profit, 
thus further resulting in reduced quality. The pay-for- 
performance payment system, as another example, pro-
vides financial incentives to healthcare providers, which 
encourages them to compete with each other based on 
quality in a more cost-effective way. Moreover, the recent 
development of medical alliances in China’s healthcare 
market might complicate the competition among hospitals. 
At present, there are no tailored payment systems or 
a clear mechanism of benefit distribution to balance the 
competition and cooperation among hospitals. Therefore, 
to fully exert the positive effects of hospital competition 
on improving quality of care, health policy-makers should 

recognize the interactions between payment systems and 
hospital competition and realign incentives to hospitals 
carefully during the payment systems reform. Our findings 
were also expected to provide implications for other coun-
tries confronted with similar challenges with a fee-for- 
service payment system.

It should be noted that our study has several limitations. 
First, this study cannot establish a causal relationship 
between perceived competition and process of care due to 
the cross-sectional study design. There would be potential 
endogenous problems in the estimations, such as simulta-
neous bias between competition and the process of care. 
Future research using a causal inference design, such as 
instrumental variable and regression discontinuity design 
are warranted. Second, the care for bacterial pneumonia 
might not be representative of all cares. Our empirical evi-
dence from the rural area of Guizhou only represented 
China’s lower-income rural regions, thus might not be gen-
eralizable to other diseases, urban area, and eastern China. 
Third, our study was merely conducted under the fee-for- 
service payment system, thus requiring further investigations 
on the relationship between competition and the process of 
care in other settings without a fee-for-service payment sys-
tem, such as pay-for-performance and DRGs. Further 
research should also examine whether payment reforms 
could impact the relationship between hospital competition 
and quality. Fourth, the robustness of our findings might be 
reduced due to the lack of other confounding factors such as 
gender, severity of illness, and socio-economic status. The 
three-point Likert scale used in this study might also bring 
potential biases due to lacking response variability. The five- 
point or seven-point Likert scales would be appropriate to 
increase the variance of measures. Lastly, the objective com-
petition measures (ie, HHI) are useful in measuring competi-
tion intensity, while we only included a subjective 
competition measure (perceived competition) in this study 
due to data availability. However, as described in the method 
section, the objective competition measures have a drawback 
of capturing potential competitors. It is possible that 
a hospital perceives high competition pressure in a less com-
petitive market measured by HHI and vice versa. Unlike the 
objective competition measures, the subjective measure of 
hospital competition used in this study (perceived competi-
tion) emphasized the hospital directors’ perception of market 
competition rather than the competition per se. It should 
therefore be highlighted that compared with objective com-
petition measures, perceived competition has its advantages 
on capturing the potential competitors. Nevertheless, it is 
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noteworthy that several drawbacks embedded in perceived 
competition might bring potential biases: self-reporting bias, 
its correlation with respondents’ characteristics, and the 
unknown relationship between the competition pressure per-
ceived by hospital directors and doctors’ behaviors. As the 
perceived competition was reported by the hospital directors 
from a subjective perspective, it might bring self-reporting 
bias. A list of hospital directors’ characteristics (ie, education 
background, management experience, competition pressure 
in last year) might also impact their perceived competition, 
thus leading to varied competition pressure perceived by 
different hospital directors even in a same scenario. It 
remains unknown whether the perceived competition of hos-
pital directors could affect doctors’ behaviors because health 
services are delivered directly by doctors rather than hospital 
directors. Since all competition measures have pros and cons, 
incorporating both objective and subjective measures of 
competition would be helpful for future research in determin-
ing the role of competition in improving the quality of care.

Conclusion
Our findings suggested that higher perceived competition 
was significantly associated with improved process quality 
in antibiotic treatment and first antibiotic treatment within 
6 hours, but not in oxygenation assessment. Our study 
provided empirical evidence supporting the pro- 
competition policies in China’s healthcare reform.
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