
Page 1/10

Comparison of Health Care Utilization Among Patients A�liated and Not
A�liated with Healthcare Professionals in China
Yafei Si 

University of New South Wales https://orcid.org/0000-0001-9334-8230
Zhongliang Zhou 

Xi'an Jiaotong University
Min Su 

Inner Mongolia University
Han Hu 

Xi'an Jiaotong University
Zesen Yang 

Tsinghua University
Xi Chen  (  xi.chen@yale.edu )

https://orcid.org/0000-0002-2058-0351

Research article

Keywords: health care utilization, supplier-induced demand, China

Posted Date: November 6th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-25999/v5

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Version of Record: A version of this preprint was published on December 3rd, 2020. See the published version at https://doi.org/10.1186/s12913-020-05895-y.

https://doi.org/10.21203/rs.3.rs-25999/v5
https://orcid.org/0000-0001-9334-8230
mailto:xi.chen@yale.edu
https://orcid.org/0000-0002-2058-0351
https://doi.org/10.21203/rs.3.rs-25999/v5
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12913-020-05895-y


Page 2/10

Abstract
Background Doing “more” in healthcare can be a major threat to the delivery of high-quality health care. It is important to identify the supplier-induced demand
(SID) of health care. This study aims to test SID hypothesis by comparing health care utilization among patients a�liated with healthcare professionals and
their counterpart patients not a�liated with healthcare professionals.

Methods We used coarsened exact matching to compare the health care utilization and expenditure between patients a�liated and not a�liated with
healthcare professionals. Using cross-sectional data of the China Labour-force Dynamics Survey (CLDS) in 2014, we identi�ed 806 patients a�liated with
healthcare professionals and 22788 patients not a�liated with healthcare professionals. The main outcomes were outpatient proportion and expenditure as
well as inpatient proportion and expenditure.

Results The matched outpatient proportion of patients not a�liated with healthcare professionals was 0.6% higher (P=0.754) than that of their counterparts,
and the matched inpatient proportion was 1.1% lower (P=0.167). Patients not a�liated with healthcare professionals paid signi�cantly more (680 CNY or 111
USD, P<0.001) than their counterparts did per outpatient visit (1126 CNY [95% CI 885-1368] vs. 446 CNY [95% CI 248-643]), while patients not a�liated with
healthcare professionals paid insigni�cantly less (2061 CNY or 336 USD, P=0.751) than their counterparts did per inpatient visit (15583 CNY [95% CI 12052-
19115] vs. 17645 CNY [95% CI 4884-30406]).

Conclusion Our results lend support to the SID hypothesis and highlight the need for policies to address the large outpatient care expenses among patients not
a�liated with healthcare professionals. Our study also suggests that as the public becomes more informed, the demand of health care may persist while
heath care expenditure per outpatient visit may decline sharply due to the weakened SID. To address misbehaviors and contain health care costs, it is
important to realign provider incentives.

Background
In the health care setting, “more” is not always better. Instead, doing “more” can be a major threat to the delivery of high-quality health care [1]. Increasing
concerns have arisen about provider misbehavior because of their advantage of medical information and distorted �nancial incentives to provide costlier but
unnecessary care, namely supplier-induced demand (SID), which is not aimed at improving health and general well-being of patients [2–4].

SID leads to overuse of healthcare, which is de�ned as the provision of health services that patients would not need or reject if they had full information or
were fully informed [2–4]. Several methods have been advised to identify SID in health care. First, variation in physician income was used to test for induced
behavior by examining the association between physician competition and health care utilization, and it was hypothesized that more intense competition
would lead to fewer patients and hence an increase in SID [5–11]. Second, changes in physician fees were used to identify SID, mostly based on the target
income hypothesis [12–15]. Finally, variation in patient information is important to test SID by identifying the effect of medical information on health care
utilization [16,17]. These studies suggest that medical information and physician incentives are important determinants of health care demand and health
care expenditure. However, more work is needed before we can conclude about the economic importance of SID.

As a key part of health literacy, medical information helps patients understand health care service to make more informed choices [17,18]. Health literacy
concerns the knowledge and competences for people to make complex health decisions, and has received special attention in recent years, and it has been
found associated with improved self-reported health, lower healthcare costs, more healthcare knowledge, shorter hospitalization, and reduced health care
service use [18,19]. Acquiring su�cient medical information allows patients to comprehend health care service and make informed choices while healthcare
professionals would induce patients to use more by providing recommendations [20–22]. However, as for themselves, well-trained healthcare professionals
well understand the problems they are looking to resolve; they can be aware of all potential medications for treatment and their potential side effects; they are
regarded as the most informed patients [17,23]. As the most informed patients, designating consumption of healthcare professionals as the gold standard
does not imply that this is the proper standard for appropriate and effective health care [4,17,21]. However, their demand for health care can be an important
benchmark to judge SID in the absence of well-established cost-bene�t or risk-bene�t analysis to assess the value of health care services.

A study in NEJM in 1974 �rstly compared surgery rates for lawyers, businessmen, and ministers with those of physicians and found self-reported surgery rates
to be equal or higher among healthcare professionals [16]. The same approach using survey data was adopted with more extensive controls, including
income, insurance coverage, and self-reported health status, but they also �nd higher use among healthcare professionals [2]. In a more recent survey in
Switzerland, healthcare professionals have much lower surgery rates than did the general population [17]. Less health service is provided to healthcare
professionals than to others who lack the same medical knowledge but have similar healthcare demand and socioeconomic status [2,16,17,24].

Previous research shared special interest in the amount of supplier-induced demand, while its economic consequence, another aspect of SID, is understudied
although important. China unveiled its ambitious health system reform with the goal of providing affordable and equitable basic health care coverage for all
by 2020 [25]. However, much of the government spending, health insurance funds, and out-of-pocket health care expenditure are likely captured by providers in
the form of higher income and pro�ts if the core culprit of rapidly increasing health care expenditure is the predominant fee-for-service payment system in
China as well as other countries worldwide, driven by the overuse of examinations and drugs [25–27]. Empirical evidence of SID is di�cult to obtain but
crucial to advance health policy. We attempt to contribute to the literature on supplier-induced demand hypothesis by comparing the health care utilization
among patients a�liated and not a�liated with healthcare professionals in China using national representative data.

Methods
Study setting and period
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The study setting is China, all 29 out of 34 provinces excluding Hong Kong, Macau, Taiwan, Tibet and Hainan. We used the China Labor-force Dynamics
Survey, which facilitates the study by covering a series of topics, such as family, education, employment, and health. Generally, China primarily use a “Fee-For-
Service” payment method in health care, where health services are unbundled and paid separately. The “Fee-For-Service” payment scheme in health systems is
frequently criticized for incentivizing providers to induce unnecessary demand with a higher quantity, especially on drugs and examinations with high pro�t
margins. Analysis of this study was conducted from May 2017 to December 2017.

Study design and data source

We used coarsened exact matching (CEM) to directly compare health care utilization and expenditure between patients a�liated and not a�liated with
healthcare professionals. With no applicable policy changes or other forms of natural experiments, quasi-experimental matching methods become a viable
strategy for causal inference. Prevalent matching methods, such as propensity score matching, often improve balance between the treated and control groups
while leaving balance worse for some other variables. In other words, there is no guarantee of any level of overall imbalance reduction in any given data set
[28]. However, CEM makes sure that the imbalance between the matched treated and control groups will not be larger than the ex-ante user choice.
Improvements in the bound on balance for one covariate can be studied and improved in isolation as it will have no effect on the maximum imbalance of
each of the other covariates [29]. King et al. (2011) further demonstrate that CEM dominates other matching methods in its ability to reduce imbalance, model
dependence, estimation error, bias, variance, mean square error, and other criteria [30].

The comparison method in this study is distinct. In the absence of well-established cost-bene�t or risk-bene�t analysis to assess the value of health care
services, the demand of health care for healthcare professionals can be regarded as an important benchmark to judge SID. In addition, we only matched
patient information, which helps mitigate the concern over demand side driven healthcare utilization and reassures us the existence of SID.

The data were drawn from the China Labor-force Dynamics Survey (CLDS) conducted in 2014. CLDS is an open-access database and the �rst national
longitudinal social survey on labor force in China, covering a series of topics, such as demographic characteristics, family, education, employment, work
history, income, migration, and health (http://css.sysu.edu.cn/) [31,32]. A multistage strati�ed cluster random sampling method was used, and the subjects of
CLDS were the laborers (all family members aged 15–64) randomly selected from 29 provinces in China. The survey was conducted every two years and has
accumulated three waves of data now (2012, 2014, and 2016). All investigators were trained before investigation and were monitored during the investigation.
Computer-assisted personal interviewing (CAPI) technology was adopted to control data quality. The study was performed in 2017 when we used the available
2014 wave for analysis, in which more than 800 investigators collected 401 village questionnaires, 14214 family questionnaires and 23594 individual
questionnaires.

Occupation information on each family member was collected in CLDS, and the occupation was classi�ed using code in the �fth National Census. Following
previous studies, our analysis de�ned patients a�liated with healthcare professionals as patients who were also healthcare workers, or patients with at least
one family members who were healthcare professional (see healthcare professional list in Appendix1). Patients not a�liated with healthcare professionals
were de�ned as patients who were not healthcare worker and at the same time had no family members who were healthcare professional. Finally, we
identi�ed 806 individuals a�liated with healthcare professionals and 22788 individuals not a�liated with healthcare professionals for analysis.

Variables

The CLDS collected information on outpatient use in the two weeks preceding the survey and inpatient use in one year preceding the survey to measure heath
care utilization to avoid the recall bias in retrospective investigation [33]. Therefore, we generated four outcome variables, outpatient proportion (0-No, 1-Yes),
outpatient expenditure (continuous variable measured by CNY), inpatient proportion (0-No, 1-Yes), and inpatient expenditure (continuous variable measured by
CNY), for analysis.

A series of socio-demographic variables that might be associated with health care utilization was considered for inclusion in the matching. The variables were
chosen based on a literature review and data availability (see detailed de�nition in Table 1) [4,8–10]. We have a set of general variables including a health
status indicator (self-reported question, 1-Healthy, 0-Fair/Unhealthy), coverage of health insurance (1-Yes, 0-No), living in urban or rural areas (1-Urban, 0-
Rural), age (1-Ages equal and over 60, 0-Aged less 60 ), gender (1-Male, 0-Female), educational attainment (0-Primary school, 1-Middle school, 2-High school
and above), access to healthcare (log of time to the nearest medical facilities) and economic status (log of household consumption per capita) in the
matching for health care utilization. In addition, we have outpatient hospital tier (0-Primary, 1-Non-primary), inpatient hospital tier (0-Primary, 1-Secondary, 2-
Tertiary) and inpatient reason (0-Else, 1-Disease, 2-Rehabilitation, 3-Fertility) for expenditure analysis.

Table 1 Variable definition and description

http://css.sysu.edu.cn/
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Variables Definition Affiliated   Not affiliated   Overall
N %     N %   N %  

Economic status a Log expenditure, mean (S.D.) 9.4 (1.0)     9.1 (1.0)   9.1 (1.0)  

Gender Male 440 54.6     11830 51.9   12270 52.0  
Female 366 45.4     10957 48.1   11323 48.0  

Age >=60 694 88.6     19010 87.5   19704 87.5  
<60 89 11.4     2726 12.5   2815 12.5  

Health status Healthy 270 33.5     8697 38.2   8967 38.0  
Fair/Unhealthy 536 66.5     14090 61.8   14626 62.0  

Insurance Insured 568 85.5     17083 92.8   17651 92.6  
Uninsured 96 14.5     1321 7.2   1417 7.4  

Urban Rural 306 38.0     14126 62.0   14432 61.2  
Urban 500 62.0     8662 38.0   9162 38.8  

Access a Log time, mean (S.D.) 1.8 (0.8)     1.9 (0.8)   1.9 (0.8)  

Education Illiteracy 150 18.7     8351 36.8   8501 36.1  
Primary school 195 24.3     7545 33.2   7740 32.9  
Middle school 197 24.5     3974 17.5   4171 17.7  
High school and above 261 32.5     2854 12.6   3115 13.2  

Outpatient level b Primary c 23 60.5     725 67.1   748 66.9  

Non-primary 15 39.5     355 32.9   370 33.1  

Inpatient level b Primary d 11 22.9     302 23.1   313 23.1  

Secondary 34 70.8     924 70.6   958 70.6  
Tertiary 3 6.3     83 6.3   86 6.3  

Inpatient reason b Else 4 8.3     90 6.9   94 6.9  
Disease 34 70.8     977 74.6   1011 74.5  
Rehabilitation 6 12.5     158 12.1   164 12.1  
Fertility 4 8.3     84 6.4   88 6.5  

                         

Economic status is the natural logarithm of household consumption expenditure per capita per year; Access is the natural logarithm of time
to go to the nearest medical institution (minutes).
Individuals having outpatient visit or inpatient visit are summarized with outpatient level, inpatient level and inpatient reason.
Primary hospital for out visit includes village clinic/private clinic, township hospital and community healthcare center, while non-primary
hospital for out visit includes the second level hospitals and above.
Primary hospital for in visit includes village clinic/private clinic, township hospital and community healthcare center.

Analysis and Interpretation

We employed the coarsened exact matching (CEM) to better balance distributions of the covariates between the comparison groups and thereby reduce biases
[28,29,34,35]. A key property of CEM, comparing with propensity score matching (PSM), is that CEM �xes the maximum imbalance through an ex ante choice
speci�ed by the user, i.e., the user decides how the observed characteristics are to be coarsened. The user does not need to further conduct balance checking
or restrict data to common support as required by PSM [28,29,34–36]. The matching approach helped to identify the counterparts for patients a�liated with
healthcare professionals, based upon the observable pre-treatment characteristics. The general covariates were included in matching for health care utilization
and we further included the hospital tier in the matching for per-outpatient expenditure and the hospital tier and inpatient reason in the matching for yearly
inpatient expenditure. Overall, we carried out three coarsened exact matching processes in the study.

After the matching, 7722 patients not a�liated with healthcare professionals and 677 patients a�liated were identi�ed for further analysis in health care
utilization, 387 patients not a�liated with healthcare professionals and 32 patients a�liated were identi�ed for further analysis in per-outpatient expenditure,
and 195 patients not a�liated with healthcare professionals and 31 patients a�liated were identi�ed for further analysis in yearly inpatient expenditure. The
balance check (Appendix 2) is reported to con�rm that there is no statistical signi�cance between the two groups.

Theoretically, with everything else equal, patients a�liated with healthcare professionals may use less healthcare and incur lower healthcare costs than
patients not a�liated due to more information or higher health literacy. The difference in outcomes between the matched groups were regarded as supplied-
induced demand and were accessed using 2-tailed t-tests and a signi�cance threshold of P < 0.05. We adjusted the health care expenditure based on the
average exchange rate in 2014 (100 USD = 614.28 CNY). Furthermore, we checked the robustness of our results using weighted regression analysis. All
analyses were performed in Stata version 13.0 (Stata Corp LP, College Station, Texas, USA).

Results
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In the study, we identi�ed 806 patients a�liated with healthcare professionals and 22788 patients not a�liated. The basic information of their characteristics
is showed in Table 1. Overall, there are 51.9% male respondents, and 87.5% of respondents are aged over 60 among patient not a�icated with healthcare
professionals, slightly lower than those of patients a�liated with healthcare professionals. We �nd that patients not a�liated with healthcare professionals
are more likely to be healthy (38.2%), to have medical insurance (92.8%), to live in a rural area (62.0%), and to be less educated than patients a�liated with
healthcare professionals. Furthermore, patients not a�liated with healthcare professionals are more likely to use outpatient services at a primary hospital
(67.1%) than patients a�liated with healthcare professionals. We identi�ed the same trend in inpatient health care utilization, without much difference in
inpatient reason.

In Table 2, the initial comparison of outcomes was conducted prior to matching. Almost 4.8% (95% CI 4.5-5.0) of patients not a�liated with healthcare
professionals used outpatient care in the last two weeks, a little higher than that for patients a�liated with healthcare professionals, i.e. 4.7% (95% CI 3.3-6.2).
Meanwhile, 5.8% (95% CI 5.5-6.1) of patients not a�liated with healthcare professionals utilized inpatient care in the past year, a �gure lower than 6.1% (95%
CI 4.4-7.7) for patients a�liated. Furthermore, outpatient expenditure per visit for patients not a�liated with healthcare professionals is 1200 CNY (95% CI
1034-1367), much higher than 479 CNY (95% CI 278-681) for patients a�liated. However, yearly average inpatient expenditure for patients not a�liated with
healthcare professionals is 13172 CNY (95% CI 11580-14765), which is lower than 15256 CNY (95% CI 6634-23878) for patients a�liated.

Table 2 Health care utilization and expenditure before matching

Outcomes Group N % 95% Confidence Interval

Lower Upper

Outpatient visit Affiliated 806 4.7 3.3 6.2

Not affiliated 22788 4.8 4.5 5.0

Inpatient visit Affiliated 806 6.1 4.4 7.7

Not affiliated 22788 5.8 5.5 6.1

Outpatient expenditure, mean (S.D.) Affiliated 479 (613) 278 681

Not affiliated 1200 (2773) 1034 1367

Inpatient expenditure, mean (S.D.) Affiliated 15256 (29693) 6634 23878

Not affiliated 13172 (29365) 11580 14765

In Table 3, we compared health care utilization of the two groups across several socioeconomic factors. We �nd that gender was associated with outpatient
and inpatient health care utilization of patients not a�liated with healthcare professionals (P<0.001) but not patients a�liated (P=0.932, P=0.505). It is similar
with living in the urban/rural areas (P<0.001, P=0.001 vs. P=0.590, P=0.904). Educational attainments were associated with outpatients and inpatients health
care utilization of patients not a�liated with healthcare professionals (P<0.001, P<0.001). However, educational attainments were associated with inpatients
health care utilization (P=0.060) but not outpatient health care utilization of patients a�liated (P=0.294). Health status was signi�cantly associated with
outpatient health care utilization (P<0.001, P<0.001) and inpatient health care utilization (P<0.001, P<0.001) of both patients a�liated and not a�liated with
healthcare professionals. Finally, fewer socio-demographic factors were associated with health care expenditure of the two groups.

Table 3 Comparing health care utilization and expenditure across socio-demographic groups
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Variables Outpatient visit
(%)

  Inpatient visit
(%)

  Outpatient expenditure
(CNY), mean (S.D.)

  Inpatient expenditure
(CNY), mean (S.D.)

Not
affiliated

  Affiliated   Not
affiliated

  Affiliated   Affiliated Not affiliated   Affiliated Not affiliate

Gender                                  
Female 5.3   4.8   6.5   6.6   1900 (8286) 421 (636)   12588 (30427) 13464 (2
Male 4.2   4.6   5.1   5.5   2196 (6875) 552 (595)   13976 (27846) 17765 (2

P-value a, b <0.001   0.932   <0.001   0.505   0.533   0.521     0.399   0.626  

Education                                  
Illiteracy 6.4   6.0   7.9   9.3   1546 (6487) 547 (845)   12809 (32741) 10531 (2
Primary school 4.2   6.7   5.3   6.7   2593 (8408) 565 (458)   13149 (25734) 19000 (3
Middle school 3.7   3.6   4.5   7.1   1631 (4930) 140 (198)   13711 (24162) 20900 (3
High school
and above

2.9   3.5   2.9   3.1   3481 (13552) 603 (778)   15330 (27865) 6738 (4

P-value <0.001   0.294   <0.001   0.060   0.066   0.382     0.895   0.646  
Age                                  
<60 4.6   4.6   5.1   5.8   1886 (6980) 439 (619)   12486 (22571) 14679.5 (2
>=60 6.1   6.7   9.8   9.0   2855 (11250) 698 (582)   17570 (48419) 19912.5 (4
P-value 0.001   0.379   <0.001   0.232   0.143   0.349     0.015   0.657  
Health                                  
 
Fair/Unhealthy

9.1   10.0   11.2   10.7   2243 (8115) 545 (670)   14971 (33168) 19768 (3

  Healthy 2.1   2.1   2.5   3.7   1440 (6484) 338 (460)   8206 (13161) 8940 (9
P-value <0.001   <0.001   <0.001   <0.001   0.129   0.339     <0.001   0.217  
Insurance                                  
No 5.1   5.5   6.6   6.2   2023 (7365) 488 (599)   13357 (30247) 17583 (3
Yes 5.2   3.1   5.1   7.3   2653 (12229) 380 (539)   15737 (26064) 7000 (4
P-value 0.880   0.338   0.034   0.674   0.520   0.767     0.532   0.490  
Urban                                  
Rural 5.2   5.2   6.2   6.2   1642 (6651) 566 (633)   12007 (30256) 12172 (1
Urban 4.0   4.4   5.2   6.0   2823 (9512) 416 (605)   15489 (27396) 17107 (3
P-value <0.001   0.590   0.001   0.904   0.018   0.465     0.043   0.583  

Chi-2 test was used for dummy variable.
Univariate ANOVAs was employed for continuous variables.

The �nal results were displayed after controlling for possible confounding factors. Figure 1 indicates that the outpatient proportion of patients not a�liated
with healthcare professionals is 0.6% (P=0.754) higher than that of patients a�liated (4.3% [95% CI 3.9-4.8] vs. 3.7% [95% CI 2.3-5.1]), while the inpatient
proportion of patients not a�liated with healthcare professionals is 1.1% (P=0.167) lower than that of patients a�liated (4.2% [95% CI 3.7-4.6] vs. 5.3% [95%
CI 3.6-7.0]), but the differences are not statistically signi�cant. Moreover, patients not a�liated with healthcare professionals paid signi�cantly more (680 CNY
or 111 USD, P<0.001) than patients a�liated did per outpatient visit (1126 CNY [95% CI 885-1368] vs. 446 CNY [95% CI 248-643]). However, patients not
a�liated with healthcare professionals paid less (2061 CNY or 336 USD, P=0.751) than patients a�liated did in the last year but with no statistical
signi�cance (15584 CNY [95% CI 12052-19115] vs. 17645 CNY [95% CI 4884-30406]).

Discussion
In our study including 23594 respondents in China, we used coarsened exact matching to compare the health care utilization and expenditure between
patients a�liated and not a�liated with healthcare professionals to estimate the supplier-induced demand of health care in China. We found little evidence of
statistical difference in the outpatient proportion or the inpatient proportion between the two groups, suggesting that patients a�liated and not a�liated with
healthcare professionals have comparable demand of health care. The exception is that we exhibited a signi�cant higher (680 CNY or 111 USD, or on average
56.7% of outpatient expenditure) per-outpatient health care expenditure in patients not a�liated with healthcare professionals.

Our result highlighted strong economic signi�cance of supplier-induced demand on outpatient health care expenditure, indicating that patients not a�liated
with healthcare professionals paid more for unnecessary service and treatment compared with patients a�liated with healthcare professionals. Healthcare
professionals are often blamed for the high cost of health care services as they are often able to induce patients to consume more health care than necessary
[4,33]. For instance, studies in developed countries also have illustrated that physicians tend to perform more cesarean delivery in response to declining
fertility, treat more intensively when their incomes are adversely affected by fee-reduction policies, and prescribe more medications to patients [10,37–39].

In this study, however, patients not a�liated with healthcare professionals paid less (2061 CNY or 336 USD) than a�liated patients did in inpatient health care
in the past year, and the difference is not statistically signi�cant. There are some plausible explanations for the seemingly con�icting �ndings between
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outpatient spending and inpatient spending. Firstly, inpatient expenditure is measured as the total expenditure of inpatient health care in the past year, rather
than the per-inpatient expenditure. Patients a�liated with healthcare professionals have a slightly higher inpatient proportion than that of patients not
a�liated, which may contribute to their higher total inpatient expenditure. Secondly, the total inpatient expenditure is usually positively associated with the
number of inpatient health care service. Therefore, predicted higher numbers of inpatient use in patients a�liated with healthcare professionals could have led
to the higher inpatient expenditure in the last year. Thirdly, it is possible that patients not a�liated with healthcare professionals would mobilize their social
resources or social capital to seek inpatient care in China [40–42]. Therefore, more studies are needed to investigate these.

The strength of this study builds on the direct comparison of health care utilization between patients a�liated and not a�liated with healthcare professionals
after controlling for confounding factors. The demand of health care for healthcare professionals can be regarded as an important benchmark to judge SID in
the absence of well-established cost-bene�t or risk-bene�t analysis to assess the value of health care services. However, research on health care service
consumption by patients a�liated with healthcare professional is scarce, though they may best recognize risks and bene�ts of health care service. Compared
with existing literature, we employ large-scale national representative data. In addition, our de�ned medical information provision allows diffusion within
household, which enables us to consider the fact that healthcare professionals as informed individuals often help their household members make better
health care decisions. Finally, we examine SID in the largest developing county as compared to most previous studies in developed countries. By measuring
the differences in outcomes among patients a�liated and not a�liated with healthcare professionals, this approach provides a direct channel to estimate SID.

We are con�dent that the method is effective although there is concern that healthcare professionals working in different departments acquired different
medical information, with the potential to create signi�cant information barriers among themselves. However, differences in medical information does not
invalidate the approach for reasons stated below. Firstly, information always diffuses e�ciently and spills across departments in the same hospital as
healthcare professionals work in a shared environment, which empowers themselves. Secondly, favoritism exchanges are essential in Chinese setting. Most
cross-cultural comparisons in the management literature illustrate that the Chinese, including healthcare professionals, are collectivists with respect to their
working motivation and achieving personal goals by working with members of their ego-centered trust networks [40–43]. Finally, cooperative game works in
healthcare setting. Healthcare professionals have to interact in repeated games to maximize their own bene�ts, the case of which gradually leads to a
cooperative game without additional harms [44,45].

Our study has been carried out in China where healthcare professionals are paid on a fee-for-service basis and where �nancial budget constraints prevent
residents from obtaining basic health care [27,46,47]. The characteristics of system determine that healthcare professionals have strong motivation to provide
more care to compensate their expected low wage. Recently, China advanced signi�cantly to address problems of unaffordable coverage and illness-
associated impoverishment by offering substantial public funding [25,26]. However, considering the signi�cant effect of SID on the outpatient health care,
incentivizing physicians to provide less avoidable care may effectively reduce health care costs in China. Our study suggests that the demand of health care
may sustain as the public becomes more informed while the health care expenditure of outpatient may decrease sharply. Recognizing the effect of medical
information on health, researchers have been focusing on the development of cost-effective interventions to improve health literacy or to limit the problems
posed by low health literacy. Previous studies indicated that the overall level of health literacy among Chinese residents was relatively low [48]. Therefore,
health promotion and education may play an important role in patient empowerment, which in turn leads to better self-management of medical conditions,
ultimately lowering costs of care [33,48,49].

Limitations

In this study, the observations of CLDS are labours, who generally have a lower outpatient proportion and inpatient proportion compared with the old and
children, and thus we have a slightly smaller sample size to compare their health care expenditure after the matching. Our estimates would be more precise
and possibly a multilevel statistical analysis would provide more insights with larger sample size. In addition, the results cannot be interpreted as causal effect
regarding the cross-sectional study design. Ideally, more precise estimation of SID should involve direct comparison of the two groups infected with the same
disease. Importantly, more socio-demographic analysis can be performed with a larger sample size to quantify cost variations in age, health insurance
coverage, public/private hospital, and geographical area.

Conclusion
Patients not a�liated with healthcare professionals have nearly equal demand of health care compared with patients a�liated with healthcare professionals.
However, we �nd that patients not a�liated with healthcare professionals exhibited a signi�cant higher (680 CNY or 111 USD, or on average 56.7% of
outpatient expenditure) per-outpatient health care expenditure than their counterpart group. Our �ndings support the supplier-induced demand hypothesis and
highlight the need to better understand the rapidly rising health care expenditure in China, a driver of overuse of healthcare. Our study suggests that as the
public becomes more informed, the demand of health care may persist while health care expenditure per outpatient visit may decrease sharply due to the
decline in SID. Therefore, providing requisite medical information and promoting health education for patients is important for lowering the ever-increasing
costs of healthcare. Importantly, as signi�cant misbehaviors performed by healthcare professionals, further study to understand causes why physicians
prescribed unnecessary services and treatment is pressing. One frequently discussed core culprit is the predominant fee-for-service payment system, and thus
China must reform its incentive structures for healthcare providers, improve the governance of hospitals, and institute a stronger regulatory system. The gap in
outpatient care expenditure in China is large, and creating incentives among physicians to provide less care may work well to reduce health care costs.

Abbreviations
SID: Supplier-Induced Demand

CLDS: China Labour-force Dynamics Survey



Page 8/10

CEM: Coarsened Exact Matching

CAPI: Computer-Assisted Personal Interviews

CNY: Chinese Yuan

USD: United State Dollar

Declarations
Ethics approval and consent to participate

The study protocol was reviewed and approved by the Ethics Committee of Xi’an Jiaotong University Health Science Center (approval number: 2015-644).

Consent for publication

Not applicable.

Availability of data and materials

Data used in this paper are from the China Labor-force Dynamics Survey (CLDS) by the Center for Social Science Survey at Sun Yat-sen University in
Guangzhou, China. The opinions are the author's alone. The data is open for the public (please refer to http://css.sysu.edu.cn).

Competing interests

The authors declare that they have no competing interests.

Funding

This study was funded by National Natural Science Foundation of China (71874137), Shaanxi Social Science Foundation (2017S024), Shaanxi Soft Science
(2015KRM117), Shaanxi provincial youth star of science and technology in 2016, Xi’an Jiaotong University (SK2015007), Top-notch Young Professionals of
China and China Medical Board (15-227), China Scholarship Council (201706280307 & 201806280021), ARC Centre of Excellence in Population Ageing
Research (CEPAR), University of New South Wales, the U.S. PEPPER Center Scholar Award (P30AG021342), and two NIH/NIA grants (R03AG048920;
K01AG053408).

Authors’ contributions

YS, ZZ, MS and XC participated in the study design, data analysis and interpretation, and YS drafted the manuscript. HH and ZY contributed to review the
manuscript. All authors read and approved the �nal manuscript.

Acknowledgements

The authors are grateful to the CLDS research and �eld team for providing the data. The manuscript of this paper was awarded the best paper in the 2nd West
China Forum for Ph.D. Candidate of Health Policy and Economics, and the authors are grateful to Prof. Winnie Yip at Harvard University, Prof. Gordon Liu at
Peking University, Prof. Jay Pan at Sichuan University, Prof. Min Yang at Sichuan University and all the participants for their helpful and insightful comments.
The authors are also grateful to Prof. Qi (Harry) Zhang at Old Dominion University and Prof. Jay Shen at University of Nevada, Las Vegas for their invaluable
comments for the Manuscript. The authors would also like to thank the editor and referees for their helpful suggestions and valuable comments. An earlier
version of the paper was deposited in a preprint server, i.e. the IZA Discussion Paper Series, for feedback and citation promotion of this work.

References
1. Lipitz-Snyderman A, Bach PB. Overuse of health care services: when less is more… more or less. JAMA Intern Med. 2013;173(14):1277–1278.

2. Hay J, Leahy MJ. Physician-induced demand: an empirical analysis of the consumer information gap. J Health Econ. 1982;1(3):231–244.

3. McGuire TG, Pauly MV. Physician response to fee changes with multiple payers. J Health Econ. 1991;10(4):385–410.

4. Johnson EM, Demand P-I. Encyclopedia of Health Economics. ISSN. 2014;1676296(1):77–82.

5. Dranove D. Demand inducement and the physician/patient relationship. Econ Inq. 1988;26(2):281–298.

�. Fuchs VR. The Supply of Surgeons and the Demand for Operations. National Bureau of Economic Research; 1978.

7. Luft HS. Doctors and Their Workshops: Economic Models of Physician Behavior. JAMA. 1981;245(20):2099–2099.

�. Cromwell J, Mitchell JB. Physician-induced demand for surgery. J Health Econ. 1986;5(4):293–313.

9. Rossiter LF, Wilensky GR. Identi�cation of physician-induced demand. J Hum Resour. Published online 1984:231–244.

10. Dranove D, Wehner P. Physician-induced demand for childbirths. J Health Econ. 1994;13(1):61–73.

11. Gruber J, Owings M. Physician Financial Incentives and Cesarean Section Delivery. National Bureau of Economic Research; 1994.

12. Rizzo JA, Blumenthal D. Is the target income hypothesis an economic heresy? Med Care Res Rev. 1996;53(3):243–266.

13. Rice TH. The impact of changing Medicare reimbursement rates on physician-induced demand. Med Care. Published online 1983:803–815.

http://css.sysu.edu.cn/


Page 9/10

14. Nguyen NX, Derrick FW. Physician behavioral response to a Medicare price reduction. Health Serv Res. 1997;32(3):283.

15. Yip WC. Physician response to Medicare fee reductions: changes in the volume of coronary artery bypass graft (CABG) surgeries in the Medicare and
private sectors. J Health Econ. 1998;17(6):675–699.

1�. Bunker JP, Brown Jr BW. The physician-patient as an informed consumer of surgical services. N Engl J Med. 1974;290(19):1051–1055.

17. Domenighetti G, Casabianca A, Gutzwiller F, Martinoli S. Revisiting the most informed consumer of surgical services: the physician-patient. Int J Technol
Assess Health Care. 1993;9(4):505–513.

1�. Sørensen K, Van den Broucke S, Fullam J, et al. Health literacy and public health: a systematic review and integration of de�nitions and models. BMC
Public Health. 2012;12(1):80.

19. Schulz PJ, Nakamoto K. Health literacy and patient empowerment in health communication: the importance of separating conjoined twins. Patient Educ
Couns. 2013;90(1):4–11.

20. Roemer MI. Hospital utilization and the supply of physicians. JAMA. 1961;178(10):989–993.

21. Arrow KJ. Uncertainty and the welfare economics of medical care (American economic review, 1963). J Health Polit Policy Law. 2001;26(5):851–883.

22. Evans RG. Supplier-induced demand: some empirical evidence and implications. In: The Economics of Health and Medical Care. Springer; 1974:162–173.

23. Karnam S, Raghavendra P. Hybrid doctors: the need risen from informed patients. J Clin Diagn Res JCDR. 2017;11(2):ZI01.

24. Ubel PA, Angott AM, Zikmund-Fisher BJ. Physicians recommend different treatments for patients than they would choose for themselves. Arch Intern Med.
2011;171(7):630–634.

25. Yip W, Hsiao W. Harnessing the privatisation of China’s fragmented health-care delivery. The Lancet. 2014;384(9945):805–818.

2�. Yip WC-M, Hsiao WC, Chen W, Hu S, Ma J, Maynard A. Early appraisal of China’s huge and complex health-care reforms. The Lancet.
2012;379(9818):833–842.

27. Yip W, Hsiao WC. The Chinese health system at a crossroads. Health Aff (Millwood). 2008;27(2):460–468.

2�. Iacus SM, King G, Porro G. Causal Inference without Balance Checking: Coarsened Exact Matching. Polit Anal. 2012;20(1):1-24. doi:10.1093/pan/mpr013

29. Iacus SM, King G, Porro G. Multivariate Matching Methods That Are Monotonic Imbalance Bounding. J Am Stat Assoc. 2011;106(493):345-361.
doi:10.1198/jasa.2011.tm09599

30. King G, Nielsen R, Coberley C, Pope JE, Wells A. Comparative effectiveness of matching methods for causal inference. Unpubl Manuscr. 2011;15(1):41–
67.

31. Xie Y, Zhou X. Income inequality in today’s China. Proc Natl Acad Sci. 2014;111(19):6928-6933. doi:10.1073/pnas.1403158111

32. Wang J, Zhou Y, Liu S. China Labor-force Dynamics Survey: Design and practice. Chin Sociol Dialogue. 2017;2(3-4):83-97.
doi:10.1177/2397200917735796

33. Zhang Y, Zhou Z, Si Y. The role of parental health care utilization in children’s unnecessary utilization in China: evidence from Shaanxi province. Int J
Equity Health. 2017;16(1):47. doi:10.1186/s12939-017-0544-8

34. Gotsadze G, Murphy A, Shengelia N, Zoidze A. Healthcare utilization and expenditures for chronic and acute conditions in Georgia: Does bene�t package
design matter? BMC Health Serv Res. 2015;15(1):88.

35. Green MA, Subramanian SV, Vickers D, Dorling D. Internal migration, area effects and health: Does where you move to impact upon your health? Soc Sci
Med. 2015;136:27–34.

3�. Leuven E, Sianesi B. PSMATCH2: Stata module to perform full Mahalanobis and propensity score matching, common support graphing, and covariate
imbalance testing. Published online 2003.

37. Barro JR, Huckman RS, Kessler DP. The effects of cardiac specialty hospitals on the cost and quality of medical care. J Health Econ. 2006;25(4):702–721.

3�. Currie J, Lin W, Zhang W. Patient knowledge and antibiotic abuse: Evidence from an audit study in China. J Health Econ. 2011;30(5):933–949.

39. Lefèvre M. Physician induced demand for C-sections: does the convenience incentive matter? Health Econom Data Group HEDG Work Pap. 2014;14(08).

40. Bian Y, Logan JR. Market transition and the persistence of power: The changing strati�cation system in urban China. Am Sociol Rev. Published online
1996:739–758.

41. Bian Y. Bringing strong ties back in: Indirect ties, network bridges, and job searches in China. Am Sociol Rev. Published online 1997:366–385.

42. Bian Y, Huang X, Zhang L. Information and favoritism: The network effect on wage income in China. Soc Netw. 2015;40:129–138.

43. Fei H-T. Peasantry and gentry: An interpretation of Chinese social structure and its changes. Am J Sociol. 1946;52(1):1–17.

44. Nash J. Non-cooperative games. Ann Math. Published online 1951:286–295.

45. Nash J. Two-person cooperative games. Econom J Econom Soc. Published online 1953:128–140.

4�. Su M, Zhou Z, Si Y, et al. Comparing the effects of China’s three basic health insurance schemes on the equity of health-related quality of life: using the
method of coarsened exact matching. Health Qual Life Outcomes. 2018;16(1):41. doi:10.1186/s12955-018-0868-0

47. Si Y, Zhou Z, Su M, Ma M, Xu Y, Heitner J. Catastrophic healthcare expenditure and its inequality for households with hypertension: evidence from the rural
areas of Shaanxi Province in China. Int J Equity Health. 2017;16(1):27. doi:10.1186/s12939-016-0506-6

4�. Honswen Y. The current status of health literacy in china. China Popul Today. 4:41-41.

49. Zhou Z, Su Y, Heitner J, et al. The Effects on Inappropriate Weight for Gestational Age of an SMS Based Educational Intervention for Pregnant Women in
Xi’an China: A Quasi-Randomized Controlled Trial. Int J Environ Res Public Health. 2020;17(5):1482. doi:10.3390/ijerph17051482



Page 10/10

Figures

Figure 1

Comparison of health care utilization and expenditure among patients a�liated and not a�liated with healthcare professionals Notes: a Coarsened exact
matching was used including health status indicator, health insurance, living in the urban or rural area, age, gender, educational level and economic status in
the matching for health care utilization. b Outpatient level was further added in the matching for per-outpatient expenditure. c Inpatient level and inpatient
reason were further added in the matching for yearly inpatient expenditure. d p<0.001
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