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Exploring the impact of workplace violence
on defensive medicine and patient outcomes:
an empirical analysis using regression
discontinuity

Guoheng Hu'?, Ying Li' and Haining Zhao"

Abstract

Objective This study aims to thoroughly examine the impact of workplace violence incidents in healthcare settings
on the structure of medical expenses, with a particular focus on specific changes in defensive medical, and to further
investigate the resulting patient outcomes.

Method This study examines a high-profile workplace violence incident in W City, H Province, China, which had
widespread societal impact, treating it as an exogenous shock. Utilizing inpatient medical record data from W City,
the study constructs a regression discontinuity model to systematically analyze shifts in medical behaviors related to
costs and decision-making following the incident, as well as the implications of these changes on patient burden and
health outcomes.

Results The findings indicate that workplace violence incidents lead to significant changes in the structure of
medical costs, with a notable increase in comprehensive medical service fees and a significant decrease in invasive
treatment fees. Further analysis reveals that such incidents trigger pronounced defensive medicine, including
extended hospital stays, increased probabilities of departmental transfers, reduced surgical levels, and higher
costs and a greater proportion of traditional Chinese medicine in total expenditures. Additionally, in terms of
patient outcomes, workplace violence incidents slightly alleviate patients' out-of-pocket expenses and payment
ratios. However, these incidents significantly worsen patients’ primary health indicators and overall health status at
discharge.

Conclusion Workplace violence against healthcare professionals significantly impact the structure of medical costs
and trigger defensive medicine, characterized by a tendency toward conservative treatment approaches and reduced
treatment intensity. While such incidents may partially alleviate patients'financial burdens, they have detrimental
effects on patients'health outcomes. Therefore, to enhance healthcare quality and safeguard patient well-being, it is
imperative to implement measures to mitigate workplace violence in healthcare and encourage medical institutions
to prioritize scientific and rational decision-making in treatment practices.

*Correspondence:
Haining Zhao
15831014669@163.com

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12913-025-12942-z
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-025-12942-z&domain=pdf&date_stamp=2025-5-29

Hu et al. BMC Health Services Research (2025) 25:772

Page 2 of 19

Keywords Workplace violence, Workplace violence against healthcare professionals, Defensive medicine, Patient

outcomes

Introduction

Workplace violence (WPV) is a pervasive global issue,
particularly prevalent in industries involving intensive
interpersonal interaction, with the healthcare sector
being notably affected [1, 2]. The phenomenon of vio-
lence targeting physicians, nurses, and other healthcare
personnel is longstanding [3]. High frequencies of WPV
against healthcare professionals have been documented
globally: 30% in the United States [4], 9.5% in England
[5], 36.4% in Japan [6], 91.4% in Jordan [7], 67.4% in Saudi
Arabia [8], 85.2% in Turkey [9], and 66.8% in China [10].
Research indicates that nearly 25% of violent incidents—
including physical violence, verbal abuse, and sexual
harassment—occur within healthcare systems [11], with
healthcare professionals being 16 times more likely to
encounter violence than professionals in other industries
[12]. These findings underscore the alarming prevalence
of violence within healthcare settings.

According to expected utility theory, individuals faced
with multiple choices evaluate the expected utility of
each option, calculated as the product of each outcome’s
value and its likelihood, and typically select the option
with the highest expected utility. WPV against healthcare
professionals significantly alters the expectations of both
medical professionals and patients, eroding mutual trust.
This phenomenon affects not only the attitudes and qual-
ity of care provided by healthcare professionals but also
influences patients’ demand for and utilization of medi-
cal services, disrupting the equilibrium of the healthcare
supply-demand system [13, 14]. A survey of physicians in
Jordan by Alhamad et al. [15]revealed that 72% of respon-
dents reported a decline in job performance due to WPV.
There is a broad consensus that WPV against healthcare
professionals induces defensive medicine among medical
professionals.

Specifically, in the course of clinical practice, health-
care providers may adopt defensive “safety” decisions—
such as restructuring medical expenditure or modifying
treatment processes—not necessarily in the best interest
of patients, but rather as a means of self-protection, to
avoid disputes and litigation, and to mitigate the poten-
tial threat of WPV against healthcare professionals [16,
17]. Such decisions often deviate from the principle of
maximising the principal’s (i.e., the patient’s) welfare, giv-
ing rise to what is known as defensive medicine [18, 19].
Existing literature broadly categorises defensive medicine
into two types. The first is positive defensive medicine,
which involves the excessive use of medical services—
such as ordering unnecessary tests, procedures, or medi-
cations—to generate a defensive record and demonstrate

due diligence in the event of potential disputes [20, 21].
The second is negative defensive medicine, which mani-
fests as avoidance or restriction of care—such as reluc-
tance to treat high-risk patients, reduction in complex
procedures, or referral to other institutions—to evade
potential liability and conflict [22].

Although defensive medicine has been extensively
discussed and categorised at the theoretical level, there
remains a lack of systematic empirical evidence con-
cerning the specific behavioural changes it induces
under WPV scenarios, and the resulting economic
and health-related consequences. Most existing stud-
ies rely on qualitative approaches—such as surveys and
structured interviews—to examine the impacts of WPV
against healthcare professionals. A smaller body of lit-
erature uses administrative data and proxies, such as
medical malpractice incident rates, to explore the cost-
effectiveness or health impacts of defensive medicine.
However, few studies have quantitatively assessed the
direct impact of WPV on medical costs and patient out-
comes. Several recent review papers further confirm this
gap, highlighting the generally low level of evidence and
the paucity of rigorous quantitative analyses in this field
[13, 23-25]. Therefore, there is a pressing need to con-
duct robust quantitative evaluations of the economic and
health effects resulting from WPV against healthcare
professionals.

Existing research predominantly employs qualita-
tive methods, such as questionnaire surveys and struc-
tured interviews, to elucidate the consequences of WPV
against healthcare workers. A limited number of studies
have utilized empirical data, with medical malpractice
incidence rates serving as proxy indicators, to examine
the cost-effectiveness and health outcomes of defensive
medicine. However, few studies have quantitatively ana-
lyzed the impact of WPV on healthcare costs and health
outcomes, particularly in the context of event-based
associations. Numerous review studies corroborate this
viewpoint, highlighting the overall low level of evidence
and the scarcity of quantitative research in this field [13,
25, 26]. Therefore, it is essential to conduct a quantitative
analysis of the costs and health outcomes associated with
WPV against healthcare professionals.

Scientifically quantifying and validating the effects of
WPV against healthcare professionals presents numer-
ous challenges. Many scholars regress medical disputes
or instances of violence on medical expenses to observe
potential defensive medicine among healthcare profes-
sionals [19, 27]. However, this approach faces several
endogeneity issues: Firstly, medical costs are influenced
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by various factors, including policy adjustments, changes
in patient demand, and broader economic conditions.
Violence against healthcare professionals is just one of
many contributing factors. Using changes in medical
costs as a measure makes it challenging to isolate the spe-
cific impact of such violence and accurately attribute it to
defensive medicine.Secondly, medical expenses consist
of different categories, such as diagnostic fees, treatment
fees, and pharmaceutical fees, with the direction and
magnitude of the impact of violence varying across these
categories. Using total medical expenses as the depen-
dent variable may obscure offsetting effects between cat-
egories, leading to misinterpretations of the overall effect.
Thirdly, the impact of violence on medical expenses pri-
marily reflects changes in healthcare spending and may
not accurately capture the defensive characteristics of
physician behavior. This simplistic measurement method
does not fully account for the complexity of defensive
medicine.Finally, high medical costs themselves may
provoke patient dissatisfaction with medical institutions,
potentially exacerbating medical disputes or incidents of
WPV against healthcare professionals. This reverse cau-
sality complicates the directionality of regression analy-
ses, rendering causal interpretations challenging.

Thus, while fluctuations in medical expenses offer
theoretical value and preliminary insights into defen-
sive medicine, endogeneity issues undermine the reli-
ability of the conclusions, resulting in mixed findings.
An urgent need exists for more systematic and precise
quantitative research to overcome these methodologi-
cal limitations and to deeply explore the specific impact
of violence against healthcare professionals on defen-
sive medicine and patient welfare.To address these limi-
tations, this study uses WPV incidents as exogenous
shocks and constructs a regression discontinuity model
to investigate their impacts on the structure of medi-
cal costs, medical behaviors, and patient outcomes. This
approach not only offers empirical support for healthcare
system reform and optimization but also provides poli-
cymakers with a scientific basis for protecting the rights
of both healthcare providers and patients. Ultimately, it
seeks to improve the overall efficiency of the healthcare
system, foster harmonious doctor-patient relationships,
and promote the sustainable improvement of the health-
care environment.

Background and research hypothesis

Background

On December 14, 2018, in W City, H Province, China,
a criminal suspect, Zeng, entered a tertiary hospital
armed with a knife and attempted to commit a violent
act against a physician. The suspect repeatedly stabbed
Dr. Zhang, causing severe injuries to the head, neck, and
chest, and rupturing major abdominal blood vessels,

Page 3 of 19

leaving Dr. Zhang in critical condition. On the same
day, the H Province People’s Government, the Provincial
Health Commission, and the Provincial Medical Associa-
tion issued official statements condemning this heinous
act of WPV.

Multilevel public security systems at the provincial,
municipal, and district levels, along with health authori-
ties, organized task forces to address the case and ensure
the maintenance of a safe medical environment. Mean-
while, renowned media outlets, including People’s Daily
Online, The Paper, Global Times, and Sohu News, pro-
vided extensive coverage of the incident, which quickly
garnered significant attention from the medical commu-
nity and the general public.Using this incident as an exog-
enous shock, this study investigates changes in medical
behaviors, particularly those related to costs and deci-
sion-making, following WPV. It also examines the result-
ing impacts on patient burden and health outcomes.

Research hypothesis
Doctors and patients embody a classic principal-agent
relationship. Under conditions of complete informa-
tion symmetry and absence of externalities, their goals
align: achieving the optimal treatment level that maxi-
mizes patient utility within resource constraints. How-
ever, due to the highly specialized and technical nature
of the healthcare sector, doctors, as agents, hold substan-
tial informational advantages in terms of prescription
authority and medical expertise. Conversely, patients, as
principals, often face significant informational disadvan-
tages. This inherent imbalance makes the doctor-patient
principal-agent relationship heavily dependent on mutual
trust, introducing a natural instabilityWhen WPV
against healthcare professionals occurs, the already frag-
ile trust between doctors and patients deteriorates fur-
ther. The heightened perception of medical risks drives
both parties to adopt strategic behaviors in response,
fundamentally altering their interactions’ dynamics.
From the perspective of healthcare providers, violence
against medical staff not only causes physical harm but
inflicts even more severe psychological trauma. When
such incidents occur, the risks and consequences borne
by healthcare professionals can be overwhelming, which
may in turn trigger defensive medicine. On the one hand,
physicians may increase the use of unnecessary tests or
procedures to protect themselves from liability and to
establish a trail of “evidence of due diligence” [20, 21].
On the other hand, due to concerns about further vio-
lent encounters, doctors may reduce the use of invasive
treatments in an effort to minimise patients’ pain percep-
tion and alleviate the emotional pressure on family mem-
bers—thereby lowering the likelihood of conflict during
the treatment process [22].
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Moreover, WPV against healthcare professionals
imposes additional costs on hospitals in terms of secu-
rity and workforce replacement, which indirectly drives
up healthcare expenditure [28, 29]. For instance, Aljohani
et al. found that among every 10,000 hospital employees,
the average number of absence days due to WPV was 14.7
for healthcare workers, compared to only 2.8 for non-
healthcare staff [25]. According to Grossman & Choucair,
U.S. hospitals spend as much as $4.7 billion annually on
security, with approximately 18% of this amount (around
$847 million) specifically allocated to preventing WPV
[30].

From the perspective of patients, WPV against health-
care professionals increases psychological burdens,
heightening fear and distrust in the medical environ-
ment. This may lead patients to choose lower-intensity
treatments or question the treatment plans recom-
mended by doctors, thereby reducing their demand for
high-intensity care. Lower-intensity treatments are often
associated with reduced medical service costs, which,
to some extent, alleviates patients’ financial burdens.
Furthermore, patients’ strategic responses to such vio-
lence may indirectly reinforce defensive medicine among
healthcare professionals, further altering the dynamics of
the doctor-patient relationship.

WPV against healthcare professionals may signifi-
cantly impact patient health outcomes by influencing
patients’ risk perception, doctors’ occupational risks, and
work-related stress. Specifically, such violence can affect
patient health outcomes through two mechanisms: On
one hand, defensive medicine triggered by WPV may
lead doctors to spend more time communicating with
patients, increase treatment intensity, improve care stan-
dards, and conduct additional diagnostic tests. These
actions contribute to more comprehensive medical docu-
mentation for future reference, minimize error rates, and,
in certain cases, save patients’ lives [31].0n the other
hand, WPV can adversely affect patients’ health and
well-being. The severity of violent acts directly threat-
ens healthcare professionals’ physical safety and mental
health, exacerbating their occupational stress [13, 32]. In
environments marked by burnout and psychological anx-
iety, WPV significantly increases the incidence of medical
errors and post-surgical complications, hindering high-
risk patients from receiving appropriate care. This dimin-
ishes the quality of healthcare services and negatively
impacts patient health outcomes [24, 33].Furthermore,
WPV can distort individual doctors’ willingness to prac-
tice and reduce the overall supply of medical profession-
als [34, 35]. This leads to significant negative externalities
in resource allocation and healthcare service utilization,
ultimately undermining patients’ overall health outcomes
(36, 37].
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However, a small number of studies suggest that WPV
against healthcare professionals does not exhibit a signifi-
cant association with patient health outcomes. For exam-
ple, Dubay et al. [38] found that although fear of medical
malpractice led doctors to delay or reduce the frequency
of prenatal visits, it did not result in noticeable adverse
effects on maternal delivery outcomes. Similarly, while
heightened medical malpractice pressure may lead doc-
tors to pay more attention to patient health, the improve-
ments in health outcomes resulting from such pressure
are often minimal and lack statistical significance [39,
40]. These findings suggest that the relationship between
WPV and patient health outcomes may be influenced
by sample selection bias. Studies focusing on specific
diseases or populations might not fully capture broader
groups or diverse clinical scenarios.

Therefore, the following hypothesis is proposed:

H1: WPV may alter the structure of medical expenses
by increasing comprehensive medical service costs
while reducing invasive treatment costs. This occurs
as healthcare providers adopt conservative treatment
strategies to mitigate potential risks of violence.

H2: WPV is associated with a decline in patient health
outcomes.

Methods

Data source and sample selection

This study is based on administrative data from the medi-
cal insurance settlement platform of H Province, China.
All data were fully anonymized and de-identified before
being accessed by researchers, ensuring that no person-
ally identifiable information was included. According to
the relevant provisions of the “Personal Information Pro-
tection Law of the People’s Republic of China’, the “Data
Security Law of the People’s Republic of China’, and
the “Ethical Review Measures for Biomedical Research
Involving Human Subjects’, research using anonymized
administrative data does not involve the direct recruit-
ment of human participants and therefore does not
require ethical approval or informed consent. Further-
more, this study complies with the principles of the
“Declaration of Helsinki”A stratified sampling method
combined with systematic sampling was employed. After
stratifying by city in H Province, patients were sorted
by discharge month, and systematic sampling was con-
ducted at equal intervals. The data from each city layer
were then merged to form the final sample.

The sample for this study is from W City, H Province,
in 2018 and 2019. The initial sample size was 20,040,
which was reduced to 7,514 after applying the time win-
dow. The data adhere to the standards of inpatient medi-
cal records provided by the National Health Commission
of China, including patient personal characteristics,
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diagnostic and treatment information, and medical costs.
Personal information includes case number, name, gen-
der, date of birth, age, and place of origin. Diagnostic and
treatment information includes admission condition,
pathological diagnosis, discharge diagnosis, disease code,
admission department, surgery and procedure codes, and
more. Medical costs include payment method, total hos-
pitalization cost, out-of-pocket costs, and various types
of medical services such as diagnostic, therapeutic, and
rehabilitative services.

This study uses inpatient medical record data struc-
tured as repeated cross-sectional data ordered by
admission date, where each observation represents a
single hospitalization episode for an individual patient,
accompanied by admission and discharge timestamps.
Although the dataset does not constitute a panel struc-
ture tracking the same patient over time, the presence of
precise time stamps enables the application of a regres-
sion discontinuity in time (RDit) design. To minimize the
impact of other factors and enhance comparability with
the control group, the time range for the sample from W
City, H Province, was set between August 1, 2018, and
April 30, 2019. The rationale for the time window limi-
tation is based on several considerations: Time window
around WPV events: A 4-month window before and after
the WPV against healthcare professionals was selected to
capture the direct short-term effects on medical behav-
ior and costs. This period is sufficient to observe initial
reactions from healthcare institutions and patients while
being short enough to minimize interference from unre-
lated factors, ensuring a more accurate assessment of the
event’s impact. Controlling external confounding factors:
Limiting the time window reduces the influence of long-
term policy changes, economic fluctuations, or seasonal
diseases on the results, allowing the focus to remain on
the event’s impact. Buffering period: WPV events can
prompt strategic actions by hospitals and doctors, such
as enhanced security measures, process changes, and
psychological interventions for staff. These adjustments
take time to influence medical behavior and costs. The
4-month window captures these longer-term effects in
addition to the immediate responses. Research feasibil-
ity: A 4-month time span ensures a sufficient sample size
for statistical power and allows detailed examination of
the effects of medical violence on costs, behaviors, and
patient health outcomes.

After processing, the final sample size for W City was
5,709. To avoid interference from outliers, this study
applied a 1% winsorization to all cost data.

Indicator selection and measurement methodology
Dependent variable

Medical costs Medical costs include Total Medical
Costs, Comprehensive Service Fees, Diagnosis Fees,
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Treatment Fees, and Pharmaceutical Fees. Total Medical
Costs refer to the sum of all medical expenses incurred by
the patient during hospitalization. Comprehensive Service
Fees include general medical service fees, general treat-
ment operation fees, nursing fees, rehabilitation fees, and
more. Diagnosis Fees encompass pathological diagnosis
fees, laboratory examination fees, imaging examination
fees, clinical diagnostic item fees, and disposable medical
material costs for examinations. Treatment Fees include
non-surgical treatment project fees, surgical treatment
fees, and disposable medical materials used in treatments
or surgeries. Pharmaceutical Fees cover costs for western
medicine, traditional Chinese medicine (TCM), and pro-
prietary Chinese medicines.

Defensive medicine To comprehensively measure
defensive medicine, this study classifies relevant indica-
tors into two dimensions: healthcare utilisation behaviour
and clinical decision-making behaviour. The selection of
indicators draws on existing literature and considers their
theoretical relevance to risk-averse or liability-avoidance
tendencies in clinical practice [41, 42]. In terms of health-
care utilisation, we employ three indicators: length of hos-
pital stay, number of hospital admissions, and the 31-day
readmission rate. Prolonged hospital stays may reflect
overly cautious observation beyond clinical necessity,
while frequent admissions or rapid readmissions within a
short timeframe may indicate excessive defensive behav-
iour or fragmented care stemming from risk avoidance.
Regarding clinical decision-making, we focus on three key
variables: department transfer, surgical complexity, and
use of TCM. A department transfer is defined as a case in
which the discharge department differs from the admis-
sion department, potentially indicating that the physician
avoided treating complex or uncertain cases. Surgical
complexity is graded from 0 (no surgery) to 4 (most com-
plex surgery), enabling us to assess whether physicians are
inclined to avoid high-risk procedures. The use of TCM is
measured by both the total expenditure on TCM, includ-
ing herbal and proprietary medicines, and the proportion
of TCM costs in overall medical expenditure. A higher
proportion may suggest a preference for lower-risk treat-
ment alternatives in place of more aggressive interven-
tions.

Additionally, to assess the potential economic implica-
tions of defensive medicine for patients, we include two
indicators of financial burden: out-of-pocket expenditure
and the out-of-pocket ratio, reflecting the absolute cost
borne by the patient and the share of that cost relative to
the total hospital bill, respectively.

Health outcomes Health outcomes are measured using
discharge diagnosis, which reflects the patient’s health
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status at discharge. Discharge outcomes are categorized as
1 (cured), 2 (improved), 3 (not cured), and 4 (death). The
primary health indicator is based on the primary diagnosis
at discharge. To offer a more comprehensive perspective,
the study calculates an average of the discharge statuses
for both the primary diagnosis and additional diagnoses,
forming a measure of comprehensive health. For clarity,
these values are reversed, so higher values indicate better
patient health conditions.

Core explanatory variable

The core explanatory variable is whether the sample is
affected by a medical violence incident, represented by a
dummy variable (RD). A value of 0 is assigned if the sam-
ple period is before December 14, 2018, and 1 otherwise.

Control variables

Apart from the core explanatory variable, this study
incorporates several control variables. Payment method
refers to how patients pay for medical costs, such as
employee health insurance, urban-rural resident insur-
ance, or out-of-pocket payments. Visit urgency is indi-
cated as emergency (=1) or non-emergency (=0). The
ACCI index (Age-Adjusted Charlson Comorbidity Index)
evaluates the severity of a patient’s condition and mortal-
ity risk, calculated by summing weighted scores based
on disease codes and age. Additional control variables
include gender and marital status. The descriptive statis-
tical analysis is presented in Table 1.

Table 1 Descriptive statistical analysis
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Results
WPV and medical costs
Before estimating using the regression discontinuity
design, it is necessary to first determine whether a dis-
continuity effect exists at the breakpoint. In this study, if
there is a noticeable jump or fluctuation in medical costs
at the breakpoint, it is likely attributable to the WPV
against healthcare professionals event. Figures 1, 2, 3,
4 and 5 plot the polynomial-fitted curves of mean total
medical costs. A noticeable fluctuation in medical costs
at the breakpoint indicates that the event had an effect on
medical costs. However, whether this effect is statistically
significant requires further estimation using the regres-
sion discontinuity model

Table 2 reports the regression results on the impact
of WPV against healthcare professionals on healthcare
costs. The significance of the treatment effect RD coeffi-
cient indicates significant group differences in the effect
of WPV against healthcare workers across different types
of healthcare costs. Although Total Medical Costs show
a slight increase (3.6%) after the WPV against health-
care workers event, this effect is not statistically signifi-
cant.Looking at the itemized costs, column (2) results
show that the treatment effect RD coefficient is statisti-
cally significant at the 1% level, with a 20.2% increase in
Comprehensive Service Fees. This suggests a significant
positive effect of WPV against healthcare professionals
on comprehensive service fees. When Treatment Fees
are the dependent variable, column (4) results show that
the RD coefficient for the treatment effect is significantly

Variable Name Sample Size Mean Standard Deviation Maximum Minimum
Total Medical Costs 5709 10.89 0.74 7.98 11.71
Comprehensive Service Fees 5,704 8.99 0.77 5.09 10.10
Diagnosis Fees 5,709 8.85 1.05 3.69 10.06
Treatment Fees 5,709 7.77 3.01 0 11.27
Pharmaceutical Fees 5,709 1.42 5.66 10.58
Payment Method 5,709 1.62 0.82 1 3
Marriage 5,709 0.63 048 0 1
Gender 5,709 1.49 0.50 1 2
Comprehensive Health 5,675 3.16 0.54 1 4
Primary Health 5,593 061 1 4
Out-of-pocket Ratio 5,691 030 038 0 1
Surgical Levels 5,709 1.29 1.53 0 4
Emergency 5,709 0.13 0.33 0 1
ACCI 5,709 2.65 2.50 0 9
Length Of Stay 5,709 395 041 1.39 5.10
Number Of Hospitalizations 5,709 0.49 0.83 0 294
The 31-day Readmission Rate 5,657 032 047 0 1
Department Transfer 5,709 0.18 0.38 0 1
Out-of-pocket Amount 2,987 9.84 124 -0.29 1062
Traditional Chinese Medicine Cost 3,715 6.34 1.66 -0.16 827
Traditional Chinese Medicine Proportion 5,709 0.02 0 0.36
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Fig. 1 Polynomial fitting curve for the total health expenditure

negative at the 1% level. This suggests that after a WPV
against healthcare workers event, hospitals may adjust
medical practices, such as reducing high-risk or high-
cost procedures. When Diagnostic Fees and Pharma-
ceutical Fees are the dependent variables, the results in
columns (3) and (5) show that the interaction term coef-
ficients are not statistically significant.

Defensive medicine

Table 3 reports the estimated results for the specific
manifestations of defensive medicine and patient out-
comes caused by WPV against healthcare professionals.
Defensive medicine primarily manifests in healthcare uti-
lization and the medical process. Specifically, the results
in columns (1) and (2) show that the treatment effect RD
coefficient is significantly positive at the 1% level, with the
length of stay and the number of hospitalizations increas-
ing by 12.0% and 21.2%, respectively, after the occurrence
of WPV against healthcare workers. This indicates that
such events lead hospitals to adopt more cautious treat-
ment strategies, increasing hospitalization duration and
frequency to reduce risk. The results in column (3) show
that the treatment effect RD coefficient is not significant,

indicating that WPV against healthcare workers does not
have a significant effect on readmission within 31 days
and does not alter the likelihood of patients being read-
mitted in the short term.

In terms of the treatment process, the estimated coef-
ficients of the treatment effect RD are significant in
all regression equations, indicating that WPV against
healthcare professionals has a significant impact on
medical behavior, particularly in medical decision-mak-
ing. This is reflected by more departmental transfers,
more conservative surgical decisions, and increased use
of TCM. The results in column (4) show that the treat-
ment effect RD coefficient is significantly positive at the
5% level, with the probability of departmental trans-
fers increasing by 3.6%. This indicates that after medical
violence, doctors adopted more departmental transfer
measures. The results in column (5) show that the treat-
ment effect RD coefficient is significantly negative at the
5% level, with surgical levels decreasing by 18.7%. This
indicates that after the occurrence of violence, surgical
decisions became more conservative, reducing high-risk
surgeries and invasive treatments. The results in columns
(6) and (7) show that the treatment effect RD coefficients
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are significantly positive at the 5% level, with TCM costs
and their proportion of total medical expenses increasing
by 50.4% and 0.3%, respectively. This suggests that after
WPV against healthcare professionals, hospitals increas-
ingly used traditional Chinese medicine, possibly due to
its perception as a safer treatment option. Overall, doc-
tors exhibit passive defensive medicine in their treatment
decisions. Hypothesis 1 is partially validated.

In terms of patient outcomes, columns (8) to (11)
report changes in patient burden and health outcomes
following WPV against healthcare workers. The treat-
ment effect RD coefficients are significantly negative in
all regression equations, indicating that violence not only
increases patients’ economic burden but also negatively
impacts their health outcomes. The results in columns
(8) and (9) show that the treatment effect RD coefficients
are significant at the 10% and 1% levels, with the out-of-
pocket ratio and out-of-pocket amount decreasing by
4.0% and 41.3%, respectively. This indicates that nega-
tive defensive medicine following medical violence led to
reductions in patients’ out-of-pocket costs. The results in
columns (10) and (11) show that the treatment effect RD
coefficients are significant at the 5% and 10% levels, with

comprehensive health and primary health declining by
8.8% and 7.9%, respectively. This suggests that after WPV
against healthcare professionals, patients’ discharge
health status significantly deteriorated, likely because
medical staff, out of risk-aversion concerns, adopted
more conservative treatment strategies, thereby reducing
health outcomes. Hypothesis 2 is partially validated.

Robustness check

Exclude the sample during the spring festival period
Influenced by traditional Chinese culture, patients admit-
ted during the Spring Festival holiday may experience
unstable fluctuations in medical costs due to differences
in the severity of their conditions. This study excludes
samples from five days before the Spring Festival (Feb-
ruary 5, 2019) to fifteen days after the festival and re-
runs the regression analysis. After excluding this special
period, Table 4 results show that, compared to the base-
line regression, the absolute values of the treatment effect
RD coefficients for comprehensive service fees and treat-
ment fees slightly decrease but remain significant. This
indicates that even after excluding the data from the
Spring Festival period, the results remain stable.
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Varying the time window

To ensure that the results are not driven by the specific
choice of a four-month window, we conducted additional
robustness checks by both expanding and narrowing
the time window. Specifically, we extended the window
to five and six months on either side of the cutoff, and
also tested shorter windows of three and two months. As
reported in Table 5, the estimated RD coefficients across
all five outcome variables remain stable in both magni-
tude and direction, with key effects—particularly on
comprehensive service fees and treatment fees—consis-
tently maintaining statistical significance. These findings
indicate that our results are robust to alternative window
specifications and further strengthen the credibility of
the identification strategy.

Covariate balance test

To verify the comparability of samples before and after
the cutoff point, this study conducted a covariate balance
test on key patient characteristics. Taking 14 Decem-
ber 2018 as the threshold, the sample was divided into
treatment and control groups. We examined differences
in means and standardised mean differences (SMDs)
for the following variables: Payment Method, Marriage,

Comprehensive Health, Gender, Surgical Levels, Emer-
gency, and ACCL

As shown in Table 6, most covariates do not exhibit
statistically significant differences in means across the
cutoff point (P>0.05), and all corresponding SMDs are
below 0.1, indicating a high degree of overall balance.
Only Comprehensive Health and Surgical Levels slightly
exceed the 0.1 threshold, yet remain within the widely
accepted upper bound of 0.2 in empirical research.

To further assess the continuity assumption required
by the RDiT design, we plotted local regression graphs
for all seven covariates (see Figs. 6 and 7). The results
show that Marriage, Gender, Emergency Admission,
and ACCI follow smooth trends with no visible disconti-
nuities at the threshold. Payment Method exhibits slight
fluctuations but no structural break. In contrast, both
Comprehensive Health and Surgical Levels display clear
discontinuities around the cutoff point.

Although the SMD statistics suggest that overall com-
parability is not materially compromised, the observed
structural jumps imply potential threats to identification
validity. To address this concern, we adopted two robust-
ness strategies. First, we re-estimated the main regres-
sion model after excluding Comprehensive Health and
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Surgical Levels, the two covariates with clear disconti-
nuities. As shown in Table 7, the core variables that were
previously statistically significant remain significant with
consistent directionality, indicating that the key find-
ings are robust to model specification and not driven
by potentially endogenous covariates. Second, we fur-
ther elaborated on this identification risk in the limita-
tions section, noting that even minor discontinuities in
covariates may compromise causal inference. We recom-
mend that future studies consider adopting covariate-
adjusted local randomisation approaches to strengthen
identification.

Overall, the statistical tests, graphical diagnostics, and
sensitivity analyses jointly confirm that the samples on
either side of the cutoff point are broadly comparable,
thereby lending credibility to the causal identification
under the RDiT framework.

“Donut” RD

To assess whether the regression results are influenced
by observations immediately surrounding the cutoff, this
study follows Barreca et al. [43] and implements a “donut”
regression discontinuity analysis, excluding observations

within +5 days of the cutoff date. This approach helps to
mitigate potential bias arising from short-term anticipa-
tory behaviours or administrative adjustments occur-
ring around the time of the event. As shown in Table 8,
after removing the boundary observations, the absolute
values of the estimated treatment effects for comprehen-
sive service fees and treatment fees slightly increase and
remain statistically significant, indicating that the results
are robust to alternative sample definitions around the
threshold.

Polynomial robustness check

To account for potential time-varying confounders such
as macroeconomic fluctuations or policy adjustments,
we conducted a robustness check by including second-
and third-degree polynomial terms of the running vari-
able to flexibly control for nonlinear time trends. Table 9
reports the regression discontinuity estimates for five
key outcome variables under alternative polynomial
specifications.The results show that, with the exception
of treatment fees, the estimated treatment effects (RD
coefficients) for total medical costs, comprehensive ser-
vice fees, diagnostic fees, and pharmaceutical fees remain
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Table 2 WPV and medical costs

(1 (2)

(3) (4) (5)

Total Medical Costs

Comprehensive Service Fees

Diagnosis Fees Treatment Fees Pharmaceutical Fees

RD 0.036 0.207%**
(1.023) (5.045)
Control variables YES YES
Hospital fixed YES YES
Department fixed YES YES
Disease type fixed YES YES
N 5675 5670
BandwiDepartment Transferh 90 90

0.019 -0.9027* -0.039
(0.366) (-7.763) (-0.624)
YES YES YES
YES YES YES
YES YES YES
YES YES YES
5675 5675 5675
90 90 90

The values in parentheses represent t-values; *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively. The same applies to the following tables

consistent in direction and statistical significance com-
pared to the baseline model. This indicates strong robust-
ness of the findings to alternative specifications of time
trend controls.

However, the RD coefficient for treatment fees loses its
significance when second- and third-degree polynomials
are introduced. This may be due to overfitting caused by
unnecessary model complexity, which fails to improve
explanatory power. In most cases, a first-degree polyno-
mial is sufficient to capture local changes at the cutoff.

Therefore, the interpretation of the treatment effect on
treatment fees is still based on the baseline regression
discontinuity model.

BandwiDepartment transferh sensitivity analysis

To assess the robustness of the baseline regression
results, this study conducted a+20% bandwidth sen-
sitivity analysis on the key parameter in the regression
discontinuity (RD) design—the bandwidth selection.
Specifically, RD estimates were performed at 80% (h="72)
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Table 4 Robustness check: exclude the sample during the spring festival period
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(1) (2) (3) (4) (5)
Total Medical Costs Comprehensive Service Fees Diagnosis Fees Treatment Fees Pharmaceutical Fees
RD 0.035 0.185%** 0.034 -0.802%** -0.035
(0.988) (4.637) (0.656) (-6.937) (-0.568)
Control variables YES YES YES YES YES
Hospital fixed YES YES YES YES YES
Department fixed YES YES YES YES YES
Disease type fixed YES YES YES YES YES
N 5103 5098 5103 5103 5103
BandwiDepartment Transferh 90 90 90 90 90

Table 5 Robustness check: varying the time window

(1) (2)

(3)

(4)

(5)

Total Medical Costs Comprehensive Service Fees

Diagnosis Fees

Treatment Fees

Pharmaceutical Fees

Two-month window

RD 0.019 0.158%**
(0.508) (3.695)
N 3196 3193
Three-month window
RD 0.033 0.210%**
(0.957) (5.159)
N 4449 4445
Five-month window
RD 0.040 0.203***
(1.142) (5.112)
N 6937 6931
Six-month window
RD 0.033 0.209%**
(0.947) (5.071)
N 8198 8191
Control variables YES YES
Hospital fixed YES YES
Department fixed YES YES
Disease type fixed YES YES
BandwiDepartment Transferh 90 90

0.020 -0.759%* -0.058
(0.317) (-5.977) (-0.891)
3196 3196 3196
0.049 -0.854*** -0.040
(0.812) (-7.126) (-0.640)
4449 4449 4449
0.021 -0.898*** -0.031
(0.406) (-7.734) (-0.504)
6937 6937 6937
0.047 -0.869*** -0.041
(0.7871) (-7.169) (-0.670)
8198 8198 8198
YES YES YES
YES YES YES
YES YES YES
YES YES YES

90 90 90

Table 6 Robustness check: covariate balance test

Variable Mean_Pre Mean_Post SMD  P-value
Payment Method 1.646 1.597 -0.059 0.025
Marriage 0.642 0.624 -0.038 0.151
Comprehensive Health 3203 3.120 -0.153  0.000
Gender 1.492 1.496 0.008 0.770
Surgical Levels 1.404 1173 -0.152  0.000
Emergency 0.134 0.121 -0.039 0.140
ACCI 2673 2635 -0015  0.568

weaken, slowing the increase in diagnostic fees and even-
tually making the effect statistically insignificant.

To further substantiate this, the study conducts a bino-
mial fit on diagnostic fees, with the estimation results
presented in Table 12. Regardless of the chosen band-
wiDepartment Transferh, the treatment effect coefficient
(RD) is significantly positive. Overall, as the bandwiDe-
partment Transferh increases, the significance gradually

diminishes, further showing that the impact of WPV
against healthcare professionals on diagnostic fees fol-
lows a wave-like diminishing pattern rather than a simple
linear relationship.

Conclusion

WPV healthcare professionals severely disrupts the har-
monious doctor-patient relationship and represents an
urgent issue in the current healthcare sector. This study,
using case data from W City, treats the wpv against
healthcare professionals event on December 14, 2018, as
an exogenous shock and employs a regression disconti-
nuity design to systematically explore the effects of such
events on healthcare costs and medical behaviors.The
baseline regression results indicate that WPV against
healthcare professionals significantly reshapes the struc-
ture of healthcare costs, manifested in a sharp increase
in comprehensive healthcare services and a decrease in
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Fig. 6 Parallel regression discontinuity plots for covariates

treatment costs. Further investigation reveals that these
events lead to a surge in diagnostic fees in the short term,
with the impact following a pattern of gradual attenua-
tion. This may result from healthcare institutions and
medical staff adopting preventive measures to mitigate
potential violence risks. Examples include increasing
hospital security personnel and facilities [30], conduct-
ing unnecessary tests to fully “confirm” or “monitor”
patient conditions and reduce violence risks [28], and
favoring conservative treatment strategies over invasive
treatments.

In terms of healthcare utilization and processes, WPV
against healthcare professionals extends patients’ hos-
pital stays and increases the frequency of interdepart-
mental transfers, prompting medical decisions to shift
toward lower-risk, lower-intensity options. These include
reducing surgical levels and increasing the use and cost
proportion of TCM—both typical examples of defensive
medicine [16]. Notably, from the perspective of defen-
sive medicine actual effects, while these events somewhat
alleviate patients’ direct financial burden, as reflected in
reduced out-of-pocket expenses and co-payment ratios,
they cause a significant decline in key health indicators
and overall health status at discharge. This decline may
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stem from low-risk, low-intensity treatment methods
failing to effectively improve patients’ health and even
leading to poorer health outcomes [2, 21].

This phenomenon suggests that, although WPV
against healthcare professionals may superficially reduce
patients’ financial burden, it has negative consequences
on health outcomes, highlighting the harm such events
inflict on healthcare quality and patient well-being. This
finding underscores the profound negative effects of
WPV against healthcare professionals on the quality of
healthcare services and patient outcomes, emphasizing
the urgency of fostering a safe and harmonious doctor-
patient relationship and effectively curbing medical
violence.

In view of this, measures should be taken to alleviate
doctor-patient conflicts and promote the implementa-
tion of anti-violence policies to create a harmonious
doctor-patient environment. Specifically, prevention and
intervention mechanisms for WPV against healthcare
professionals should be strengthened, including stricter
regulations, enhanced safety management measures,
and providing conflict de-escalation training for medical
personnel [25]. Baby et al. [44] using data from New Zea-
land, found that enhancing communication training for
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Table 7 Robustness check: excluding discontinuous covariates
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(1)

(2)

(3)

(4)

(5)

Total Medical Costs

Comprehensive Service Fees

Diagnosis Fees

Treatment Fees

Pharmaceutical Fees

RD

Control variables
Hospital fixed
Department fixed
Disease type fixed
N

-0.002

(-0.060)

YES
YES
YES
YES

5709

BandwiDepartment Transferh 90

0.183*
(4.497)
YES

YES

YES

YES
5704

90

-0.011
(-0.219)
YES
YES
YES
YES
5709
90

-1.035%%*
(-8.507)
YES

YES

YES

YES

5709

90

-0.082
(-1.304)
YES
YES
YES
YES
5709
90

Table 8 Robustness check:“donut”RD

(1

(2)

(3)

(4)

(5)

Total Medical Costs

Comprehensive Service Fees

Diagnosis Fees

Treatment Fees

Pharmaceutical Fees

RD

Control variables
Hospital fixed
Department fixed
Disease type fixed
N

0.026
0.619)

YES
YES
YES
YES
5481

BandwiDepartment Transferh 90

0.236**
(5.140)
YES

YES

YES

YES
5476

90

—-0.041
(-0.636)
YES

YES

YES

YES
5481

90

—1.365%*
(=9.747)
YES

YES

YES

YES

5481

90

—-0.089
(=1.216)
YES

YES

YES

YES
5481

90
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Table 9 Robustness check: polynomial sensitivity
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(M (2) (3) (4) (5) (6)

Total Medical Comprehensive Diagnosis Fees  Treatment Fees Pharmaceutical Total Medical

Costs Service Fees Fees Costs_r~3
RD 0.057 0.163%** 0.073 -0.268 0.069 0.299

(1.113) (2.731) (1.019) (-1.640) 0.772) (1.410)
Control variables YES YES YES YES YES YES
Hospital fixed YES YES YES YES YES YES
Department fixed YES YES YES YES YES YES
Disease type fixed YES YES YES YES YES YES
N 5675 5670 5675 5675 5675 5675
BandwiDepartment 90 90 90 90 90 90

Transferh

Table 10 Robustness check: bandwidepartment transferh sensitivity

(3) (4) (5)

Diagnosis Fees Treatment Fees Pharmaceutical Fees

(1) (2)
Total Medical Costs Comprehensive Service Fees
H=72
RD 0.043 0.190%**
(1.102) (4.230)
H=108
RD 0.034 0.205%**
(1.057) (5.597)
Control variables YES YES
Hospital fixed YES YES
Department fixed YES YES
Disease type fixed YES YES
N 5675 5670

0.033 -0.657%* -0.011
(0.579) (-5.062) (-0.160)
0.013 -1.030%** -0.042
(0.258) (-9.548) (-0.727)
YES YES YES
YES YES YES
YES YES YES
YES YES YES
5675 5675 5675

healthcare staff can effectively reduce conflicts and lower
the incidence of violent events.

Furthermore, reforms should be considered for the
payment and cost structure of healthcare services,
including promoting a patient-centered medical model
[45, 46], reducing unnecessary interventions, and lower-
ing the cost burden of defensive medicine while ensur-
ing patient well-being. The unified payment model in
the United States and value-based healthcare reforms
in Europe link payment systems to treatment outcomes,
encouraging healthcare providers to focus on treatment
effectiveness rather than service volume [47].

Limitation

This study has several limitations. First, the external
validity of the study findings may be limited. Although
the WPV incident analysed in this research attracted
extensive national attention, our empirical analysis
remains confined to data from a single city-level setting.
Future studies could enhance the generalisability and
explanatory power of the findings by conducting cross-
regional comparative analyses, incorporating events with
varying levels of media exposure or public salience, and
utilising nationally representative administrative health-
care datasets.

Second, residual confounding may persist despite con-
trolling for hospital and patient characteristics. Factors
such as managerial quality and socioeconomic status
remain incompletely captured. Subsequent studies might
employ advanced methodologies like instrumental vari-
able approaches or propensity score matching to address
these limitations, alongside exploring longer-term con-
sequences of WPV, including defensive medicine and
chronic health impacts to inform comprehensive policy
solutions.

Third, while establishing preliminary evidence on
cost-effectiveness implications, the analysis leaves criti-
cal questions unanswered. Further investigations could
explore differential effects across hospital types (e.g.,
public versus private institutions) and utilise longitudi-
nal data to assess temporal patterns. The incorporation of
exogenous shock events might enhance causal inference
regarding systemic impacts of healthcare violence.

Fourth, although the robustness checks excluding
covariates with visible discontinuities confirmed the
stability of the main findings, we acknowledge that the
validity of the RDiT design may still be sensitive to the
selection and behaviour of covariates. Future research
could consider more advanced approaches, such as
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Table 11 Diagnostic fees bandwidepartment transferh sensitivity analysis
(1 (2) (3) (4)
Diagnosis Fees Diagnosis Fees Diagnosis Fees Diagnosis Fees
RD 0.149** 0.138** 0.071 0.051
(2.097) (1.999) (1.077) (0.830)
Control variables YES YES YES YES
Hospital fixed YES YES YES YES
Department fixed YES YES YES YES
Disease type fixed YES YES YES YES
N 5675 5675 5675 5675
BandwiDepartment Transferh 30 40 50 60
Table 12 Binomial fit
(1 (2) (3) (5) (4)
Diagnosis Fees~2 Diagnosis Fees~2 Diagnosis Fees ~2 Diagnosis Fees~2 Diagnosis Fees ~ 2
RD 0.181** 0.250%** 0.182** 0.141* 0.125%
(1.963) (2.887) (2.205) (1.815) (1.671)
Control variables YES YES YES YES YES
Hospital fixed YES YES YES YES YES
Department fixed YES YES YES YES YES
Disease type fixed YES YES YES YES YES
N 5675 5675 5675 5675 5675
BandwiDepartment Transferh 40 50 60 70 80
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covariate-adjusted local randomisation or refined data
processing, to further strengthen causal identification.

Finally, although this study constructs multi-dimen-
sional indicators to capture defensive medicine and
adjusts for important confounders such as disease sever-
ity (ACCI), emergency admission status, and payment
methods, these indicators may still embed non-defensive
elements. For example, longer hospital stays and depart-
ment transfers may also reflect case complexity, patient
preferences, or institutional practices unrelated to
defensive intent. Future research could leverage micro-
level data such as physician behavior logs, clinical path-
way audits, or in-depth interviews to better disentangle
defensive motivations from other explanatory factors,
thereby improving construct validity.
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