
O R I G I N A L  R E S E A R C H

On the Asymmetric Relationship Between 
Physician Mental Health Disorders on Quality of 
Healthcare Under the COVID-19 Pandemic in 
Taiwan: Quantile on Quantile Regression Analyses
Wen-Yi Chen 1, Feng-Li Lin 2

1Department of Senior Citizen Service Management, National Taichung University of Science and Technology, Taichung City, Taiwan; 2Department of 
Accounting, Chaoyang University of Technology, Taichung City, Taiwan

Correspondence: Feng-Li Lin, Department of Accounting, Chaoyang University of Technology, 168, Jifeng E. Road, Wufeng District, Taichung City, 
41349, Taiwan, Tel +886 4 23323000 Ext 4580, Fax +886 4 23742359, Email bonnie@gm.cyut.edu.tw 

Purpose: When examining the nexus of physician mental health disorders and healthcare quality from the empirical perspective, 
mental health disorders are frequently associated with cyclical patterns corresponding to cyclic seasonality, mood swings, emission of 
air pollution and business cycles, the potential asymmetric effects of physician mental health disorders on healthcare quality have not 
received adequate attention from researchers. Therefore, the purpose of this study is to explore the asymmetric relationship between 
physician mental health disorders and healthcare quality during the pandemic outbreak in Taiwan.
Methods: Daily data for care quality indicators and physician mental health disorders were collected from the National Insurance 
Research Database in Taiwan, and the quantile-on-quantile regression model was applied to proceed with our analyses.
Results: Our results indicated that the overall aggregate effects of each quantile of physician mental health disorders on the 
cumulative quantiles of healthcare quality are negative (positive) for the 14-day readmission rate (preventable hospitalization rate 
and non-urgent ED-visit rate). Positively (negatively) cumulative effects of each quantile of physician mental health disorders were 
detected in the middle (low and high) quantiles of the preventable hospitalization rate. The cumulative effects of each quantile of 
physician mental health disorders on the high (low and middle) quantiles of the 14-day readmission rate are negative (positive), but the 
cumulative effects on various quantiles of the non-urgent ED-visit rate exhibit the opposite pattern.
Conclusion: The observed variation in the relationship between physician mental health disorders and different quantiles of 
healthcare quality suggests the need for tailored strategic interventions based on distinct levels of healthcare quality when addressing 
the higher risk of physician mental health disorders during the pandemic outbreak conditions.
Keywords: physician mental disorders, readmission rate, preventable hospitalization, non-urgent emergency department visits, social 
distancing, quantile on quantile

Introduction
A higher risk of mental health disorders among physicians in their workplace has long been recognized in the healthcare 
literature.1–4 It is anticipated that symptoms of physician mental health disorders such as burnout, stress, anxiety, depression, 
and even suicide are likely to have worsened during the COVID-19 pandemic outbreak due to amplified workloads, increased 
exposure to infectious diseases, and the presence of various stressors in their working environments. In fact, there is a great 
deal of literature investigating the impact of the COVID-19 pandemic on physician mental health. For example, Peck and 
Porter conducted a comprehensive review investigating the effect of the COVID-19 pandemic on physician mental health 
based on the framework of the burnout cascade, addressing the influence of burnout on both an individual level and an 
organizational level.5 Their results revealed that the pandemic has significantly affected physician mental health, leading to 
increased levels of burnout, depression, anxiety, and post-traumatic stress disorder.5 In addition, Alkhamees et al applied the 
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meta-analysis method to explore the epidemiology of burnout and associated risk factors among physicians during the 
COVID-19 pandemic outbreak. The findings generated from their meta-analysis showed that the prevalence of burnout among 
physicians during the COVID-19 pandemic ranged from 20.70% to 61.30%, with several risk factors contributing to burnout, 
and these factors include longer working hours, inadequate personal protective equipment, and fear of contracting COVID- 
19.6 Furthermore, many studies have examined the psychological effects of the COVID-19 pandemic on various groups of 
physicians, including anesthetists,7 family physicians,8 ophthalmologists,9 palliative care physicians,10 and both surgical and 
non-surgical physicians,11 among others.12

An essential concern to address is the impact of mental health disorders among physicians on healthcare quality. 
Previous studies on the relationship between physician mental health disorders and healthcare quality have generated 
ambiguous results. For example, Dewa et al conducted two comprehensive reviews that investigated the influence of 
mental health disorders, particularly the symptom of burnout, on healthcare quality provided by physicians and resident 
doctors. Their findings indicated that evidence supporting a negative relationship between physician burnout and 
healthcare quality is moderate.13,14 Following this line of research, Mangory et al also found insufficient evidence in 
support of the negative effect of physician burnout on healthcare quality.15 Nevertheless, recent meta-analysis studies 
conducted by various researchers have highlighted a significantly negative association between physician mental health 
disorders and healthcare quality.16–18 As with the above mentioned literature reviews focusing on the effect of physician 
mental health disorders on healthcare quality, recent empirical studies linking physician mental health disorders and 
healthcare quality have yielded diverse results. These studies have reported positive,19 negative,20–25 inconclusive26–28, 
or insignificant associations.29–33

When examining the nexus of mental health disorders and healthcare quality from the empirical perspective, mental 
health disorders are frequently associated with cyclical patterns corresponding to cyclic seasonality,34 mood swings,35 

emission of air pollution36 and business cycles.37–39 The ambiguous association between physician mental health 
disorders and healthcare quality may stem from the fact that the cycles of mental health disorders would have asymmetric 
effects on healthcare quality. The effect on healthcare quality of a positive mental health shock among physicians may 
differ from the effect on healthcare quality of a negative mental health shock among physicians. Failure to account for the 
asymmetry of mental health disorder cycles in model specifications will lead to analyses showing an ambiguous 
relationship between physician mental health disorders and healthcare quality. The asymmetric effects of socioeconomic 
domains have been extensively studied in various fields of social sciences, such as suicide,40,41 fertility,42 crime,43,44 

population health,45,46 and healthcare expenditure,47,48 among others.49 Nevertheless, the potential asymmetric effects of 
physician mental health disorders on healthcare quality have not received adequate attention from healthcare researchers.

In order to incorporate the asymmetric effects of mental health disorder cycles on healthcare quality, time series 
analyses were used in this study. Specifically, we utilized the quantile-on-quantile regression model (QQRM) proposed 
by Sim and Zhou50 to investigate the asymmetric relationship between physician mental health disorders and objective 
measures of care outcomes such as the unplanned readmission rate within 14 days after discharge, preventable 
hospitalization rate, and non-urgent emergency department-visit (ED-visit) rate during the COVID-19 pandemic outbreak 
in Taiwan. The significance of this study is twofold: First, although the significant prevalence of mental health disorders 
among physicians during the COVID-19 pandemic outbreak has been well-documented in the literature,5–12 there is little 
research on the asymmetric relationship between physician mental health disorders and objective measures of care 
outcomes during the COVID-19 pandemic outbreak. Second, Taiwan’s National Health Insurance (NHI) system provides 
comprehensive healthcare coverage to all residents, ensuring universal access to healthcare services, and it has responded 
effectively to the COVID-19 pandemic, successfully mitigating its adverse impacts and ensuring the continued provision 
of healthcare services.51 Nevertheless, previous studies have raised concerns regarding the quality of healthcare services 
within Taiwan’s NHI system, specifically highlighting issues related to shortages in nurse staffing and intense competi
tion among clinics and hospitals.52,53 Consequently, investigation into the link between physician mental health disorders 
and healthcare quality is important, providing insights into the potential challenges faced by the healthcare system from 
the perspective of physician labor input and its impact on healthcare quality.
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Materials and Methods
Data and Variables
The primary objective of this study is to examine the impact of physician mental health on healthcare quality within 
Taiwan’s NHI system during the COVID-19 pandemic outbreak. The study focuses on three dependent variables: 
inpatient care, outpatient care, and emergency care quality indicators. The indicator used in this study to measure 
inpatient care quality is the 14-day readmission rate, which calculates the number of unplanned readmissions within 14 
days after discharge per 100,000 discharge cases. This indicator has been suggested by Taiwan’s National Health 
Insurance Administration as a measure of inpatient care quality under Taiwan’s NHI system.52 The outpatient care 
quality indicator used in this study is the PQI_90 composite, which is calculated in accordance with guideline’s provided 
by the US Agency for Healthcare Research and Quality (AHRQ) in 2020.54 The PQI_90 composite represents the 
number of hospital admissions per 100,000 population for outpatient care sensitive conditions (ACSCs). These ACSCs 
encompass a variety of health conditions such as diabetes short- and long-term complications, uncontrolled diabetes, 
lower-extremity amputation among patients with diabetes, chronic obstructive pulmonary disease, asthma, hypertension, 
heart failure, community-acquired pneumonia, and urinary tract infection. The purpose of measuring PQI_90 composite 
is to assess the potential impact of timely and appropriate outpatient care in preventing the need for hospitalization for 
these conditions.53,54 Therefore, the PQI_90 composite is used as a proxy for the preventable hospitalization rate. In 
addition, the emergency care quality indicator used in this study is the non-urgent ED-visit (emergency-department-visit) 
rate as measured by the prevalence of non-urgent visits to the emergency department (ED) in hospitals. The non-urgent 
ED-visit rate is calculated using the New York University algorithm proposed by Ballard et al.55 The algorithm helps 
identify non-urgent visits to the ED, allowing for the evaluation of emergency care quality and the appropriate utilization 
of emergency services.

Moreover, this study focuses on the explanatory variable of physician mental health, defined as the ratio of physician 
mental health disorders prevalence to general population mental health disorders prevalence. Several clinical diagnosis 
codes from the 2016 version of the International Classification of Diseases, 10th Revision (ICD-10), were used to 
identify mental health disorders. These codes include Z73.0 (burnout), F32.0 (mild depressive episode), F32.1 (moderate 
depressive episode), F32.2 (severe depressive episode without psychotic symptoms), F41.1 (generalized anxiety dis
order), F42.0 (predominantly obsessional thoughts or ruminations), F43.0 (acute stress reaction), F43.1 (post-traumatic 
stress disorder), F43.2 (adjustment disorders), and F51.0 (nonorganic insomnia). The prevalence of mental health 
disorders is calculated as the proportion of total outpatient visits attributed to these symptoms of mental health disorders. 
Since the individual’s behavior in seeking care may have changed due to fear of COVID-19 infection during the 
pandemic outbreak,51 the social distance index (SDI), originated by Vokó and Pitter’s research,56 was used as a control 
variable to measure the magnitude of individual behavior change by comparing the time spent at various categories of 
places (such as retail and recreation, grocery and pharmacy, parks, transit stations, workplaces, and residential areas) to 
a baseline period before the pandemic. Given the promotion by Taiwan’s government of the voluntary stay-at-home 
policy during the COVID-19 pandemic outbreak, the positive or negative deviation from the baseline period of time 
spent at workplace areas and the other five places can reflect an individual’s social distancing behavior. Hence, the 
calculation of the Social Distance Index (SDI) involves two steps. First, the percentage deviation from the baseline period 
for time spent at residential areas (expected to be positive during the severe pandemic outbreak) is subtracted from the 
total percentage deviation from the baseline period for time spent at the other five places (anticipated to be negative 
during the severe pandemic outbreak). This subtraction results in a value that represents the deviation in social distancing 
behavior. Second, this obtained value is divided by six, yielding the SDI. Accordingly, a positive (or negative) value of 
the SDI indicates an increase (or a decrease) in social distancing behavior.

The data used to calculate the dependent and explanatory variables in this study were obtained from the National Insurance 
Research Database in Taiwan. This database administrated by the Health and Welfare Data Science Center provides valuable 
information for analyzing inpatient, outpatient and emergency care quality indicators. Additionally, the data used to compute the 
SDI were obtained from the Google COVID-19 Community Mobility Reports (https://www.google.com/covid19/mobility/), 
offering insights into individuals’ mobility patterns and social distancing behaviors during the COVID-19 pandemic outbreak. 
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The data collection period for this study spans from February 15, 2020, to December 31, 2020, resulting in a total of 321 daily 
observations. The data collection process was approved by the Research Ethics Committee of Taichung Tzu Chi Hospital with 
the Certificate ID: REC111-23.

Quantile on Quantile Regression Model (QQRM)
As we discussed in the Introduction section, an asymmetric relationship between physician mental health disorders and 
healthcare quality is likely to exist. To better understand this nonlinear relationship, the QQRM, as developed by Sim and 
Zhou50 is used for our data analyses. It is important to address that the QQRM is a generalized specification of the conventional 
quantile regression model offering several advantages over the linear regression model. First, while the linear regression model 
can only estimate the effect of an explanatory variable (physician mental health disorders) on the conditional mean of the 
dependent variable (healthcare quality), the quantile regression model allows for more comprehensive analyses by decompos
ing this effect on the conditional mean into effects on the conditional quantiles. Second, the quantile regression model provides 
robust inference methods that are less sensitive to violations of the normal distributional assumption. Third, the QQRM extends 
the quantile regression model by estimating the effect of each specific quantile of the explanatory variable on various quantiles 
of the dependent variable. Fourth, the QQRM combines estimation procedures from quantile and local linear regression 
models, enabling its application to single equation models rather than being limited to system equation models.50 Thus, results 
generated by the QQRM are able to provide a comprehensive understanding of the evolving relationship between physician 
mental health disorders and healthcare quality. Specifically, the specification of the QQRM is displayed as follows:

where yt and xt represent healthcare quality and physician mental health disorders at time t, respectively. Since the linkage of yt 

and xt may be confounded by the individual’s behavior change in seeking care during the COVID-19 pandemic outbreak,51 the 
social distance index (zt) was included in (Equation 1) to control for this confounding effect. In addition, Sim and Zhou 
introduced an autoregressive term (yt-1) in (Equation 1) to account for potential auto-correlation in the error term.50 x(τ) denotes 
τ-quantile of physician mental health. The bracket on the right hand side of (Equation 1) represents θ-conditional quantile of 
healthcare quality. ε θð Þt is the error term conditional on the θ-conditional quantile of healthcare quality. 
β0 θ; τð Þ; β1 θ; τð Þ; γ1 θð Þ, and γ2 θð Þ are parameters. Unlike a standard conditional quantile regression model, our model 
specification of (Equation 1) captures an association between θ-quantile of healthcare quality and τ-quantile of physician mental 
health disorders given that β0 θ; τð Þ and β1 θ; τð Þ are doubly indexed in θ and τ. Namely, the asymmetric relationship between 
healthcare quality and physician mental health disorders can be better understood in terms of the estimated effect of each quantile 
of x on various quantiles of y.

Since the specification of the QQRM is the generalized form of the conventional quantile regression model, the sum 
of β1 θ; τð Þ over θ quantiles of yt indicates the overall effects of each quantile (τ) of physician mental health disorders on 
the cumulative quantiles of the healthcare quality indicator, encompassing the aggregated effects over θ quantiles of yt. In 
contrast, the sum of β1 θ; τð Þ over τ quantiles specifies the cumulative effects of each quantile of physician mental health 
disorders on the each quantile (θ) of the healthcare quality indicator, including the aggregated effects over τ quantiles of 
physician mental health disorders. The mean of the overall effects on the cumulative quantiles of healthcare quality is 
equivalent to the slope (ie, β1 τð Þ) of the conventional quantile regression model.50 The asymptotic properties of the non- 
parametric (kernel) regression methodology were utilized to generate the p values of the estimates β̂0 θ; τð Þ and β̂1 θ; τð Þ.50

Results
Descriptive Statistics
Panel A of Table 1 presents descriptive statistics for all variables used in this study, covering the period from February 15th, 
2020, to December 31st, 2020. As shown in Table 1, the mean (median) values of the 14-day readmission rate and preventable 
hospitalization rate were 28.746 (31.964) per 100,000 cases and 2.716 (2.801) per 100,000 population, respectively. The 
prevalence of non-urgent ED visits in hospitals ranged from 19.959% to 29.425%, with a mean (median) value of 23.309% 
(23.167%). The mean (median) ratio of the physician mental health disorders prevalence to the general population mental 
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Table 1 Descriptive Statistics and Unit Root Tests

Panel A: Descriptive Statistics

Variables Description Mean Median Max Min SD Skew Kurt JB Stat p value

Inpatient Care 
Quality (ICQt)

14-day readmission rate as 
measured by unplanned 

inpatient readmissions with-in 

14 days per 100,000 discharge 
cases

28.746 31.964 44.510 0.987 7.984 −0.612 2.396 24.898 0.000

Outpatient Care 
Quality (OCQt)

Preventable hospitalization rate 
defined as preventable 

hospitalizations per 100,000 

population based on the PQI90.

2.716 2.801 3.841 0.089 0.642 −0.769 3.539 35.545 0.000

Emergency Care 

Quality (ECQt)

The proportion of non-urgent 

visits to the emergency 
department in hospitals (%) 

based on the NYU algorithm.

23.309 23.167 29.425 19.959 1.741 0.901 3.831 52.678 0.000

Physician Mental 

Health (PMHt)

Ratio of physician mental health 

disorders prevalence to general 

population mental health 
disorders prevalence.

1.438 1.133 8.777 0.389 1.038 3.777 19.783 4530.487 0.000

Social Distance 
Index (SDIt)

A composite index based on 
the change of time spent in six 

different categories of places.

3.785 3.167 19.167 −7.000 4.079 0.654 4.023 36.848 0.000

SICQt ICQt ÷ standard deviation of  

ICQt

3.600 4.003 5.575 0.124 1.000 −0.612 2.396 24.898 0.000

SOCQt OCQt ÷ standard deviation of  

OCQt

4.232 4.366 5.987 0.139 1.000 −0.769 3.539 35.545 0.000

SECQt ECQt ÷ standard deviation of  

ECQt

13.388 13.306 16.900 11.463 1.000 0.901 3.831 52.678 0.000

SPMHt PMHt ÷ standard deviation of  

PMHt

1.385 1.091 8.453 0.374 1.000 3.777 19.783 4530.487 0.000

SSDIt SSDIt ÷ standard deviation of  

SSDIt

0.928 0.776 4.699 −1.716 1.000 0.654 4.023 36.848 0.000

Panel B: Unit Model Specification Constant Constant +Trend

Root Tests Variables T stat p value T stat p value

SICQt −13.567 0.000 −13.817 0.000

Phillips-Perron SOCQt −10.402 0.000 −10.299 0.000

Unit Root Tests SECQt −10.352 0.000 −11.502 0.000

SPMHt −34.982 0.000 −33.661 0.000

SSDIt −11.987 0.000 −11.805 0.000

Notes: The sample period ran from February 15, 2020 to December 31, 2020, resulting in a total of 321 daily observations. Bold fonts denote 1% or more rigorous 
significance level. SD and Kurt mean Standard Deviation, and Kurtosis, respectively.
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health disorders prevalence was 1.438 (1.133), indicating that the mean (median) prevalence of mental health disorders among 
physicians was 43.80% (13.30%) higher compared to the prevalence for the general population during the COVID-19 
pandemic outbreak. The mean (median) value of the social distance index was 3.785 (3.167), suggesting an overall increase 
in social distancing behavior throughout the study period. It is important to note that JB-statistics (used to the test for the null 
hypothesis of the normality assumption) for all variables generated p values less than the 1% significance level, a result 
showing that the normality assumption used in the linear regression model is unlikely to be justified. Thus, the quantile 
regression model is more suitable for our data. In order to examine the aggregate effects of different quantiles of physician 
mental health on various quantiles of healthcare quality, standardized values of all variables were used to estimate the 
coefficients of the QQRM. Time plots of these variables could be found in Figure S1.

Unit Root Tests
It is crucial to address that all variables used in this study are time series data, which may exhibit the presence of unit 
roots. The unit root property can result in a spurious relationship between two variables. In order to verify whether or not 
our data are stationary time series, the Phillips–Perron unit root test was used to test for the null hypothesis of unit root 
against stationary time series of these variables. This test provides a non-parametric correction to the t-test statistic which 
is robust with respect to unspecified autocorrelation and heteroscedasticity in the data generating process of the test 
equation.57 As shown in the Panel B of Table 1, the Phillips–Perron unit root tests with constant and with constant plus 
trend specifications generated p values less than the 1% significance level. These results indicated that all variables used 
in this study are stationary time series, which allowed us to proceed with estimating the QQRM using these variables in 
levels.

Results for the QQRMs
Presentations for QQRM Estimation
Table 2 displays the estimated results for the asymmetric relationship between physician mental health disorders and 
healthcare quality. Specifically, it presents the effects of the τ-quantile of physician mental health disorders (τ∈[0.1, 0.2, 
0.3,…,0.9]) on the θ-quantile of healthcare quality (θ∈[0.1, 0.2, 0.3,…,0.9]). As shown in Panel A of Table 2, the 
estimated effects of each τ-quantile of physician mental health disorders (τ∈[0.1, 0.2,0.3,…,0.9]) on various quantiles of 
the 14-day readmission rate (θ∈[0.1, 0.2,0.3,…,0.9]) are statistically significant at the 10% level for most quantiles 
ranging from 10% to 90%. The relationship between physician mental health disorders and the 14-day readmission rate 
demonstrates negative, positive and non-significant effects of varying magnitudes. The same patterns are found in the 
estimated effects of each τ -quantile of physician mental health disorders (τ∈[0.1, 0.2, 0.3,…,0.9]) on various quantiles 
(θ∈[0.1, 0.2, 0.3,…,0.9]) of outpatient care quality (measured by the preventable hospitalization rate) and emergency care 
quality (measured by the non-urgent ED-visit rate), as indicate in Panel B and Panel C of Table 2, respectively. In order 
to facilitate a better understanding of the results, we demonstrate the area plots with the non-significant effects set as zero 
in Figures 1–3. In these figures, three distinct regions (low quantiles (≤30%), middle quantiles (40–60%), and high 
quantiles (>60%)) were segmented, allowing us to more easily discuss the asymmetric relationship between physician 
mental health disorders and healthcare quality.

Effect of Physician Mental Health on Inpatient Care Quality
(Figure 1A–D) portray the effects of physician mental health disorders on low quantiles of the 14-day readmission rate. 
As indicated in (Figure 1A), the effects of physician mental health disorders on the 10% quantile of the 14-day 
readmission rate are negative across most quantiles of physician mental health disorders, except for the 40% quantile, 
where the relationship is positive. Nevertheless, (Figure 1B) demonstrates that physician mental health disorders are 
positively (non-significantly) associated with the 20% quantile of the 14-day readmission rate for the 70% and below 
quantiles (the 80% and above quantiles) of physician mental health disorders. As indicated in (Figure 1C), the relation
ship between physician mental health disorders and the 30% quantile of the 14-day readmission rate is positive for the 
40% to 60% quantiles, negative for the 20% quantile, and non-significant for other quantiles of physician mental health 
disorders. These findings suggest that the aggregate effects of physician mental health disorders on low quantiles of the 

https://doi.org/10.2147/RMHP.S429516                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2023:16 2296

Chen and Lin                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=429516.pdf
https://www.dovepress.com
https://www.dovepress.com


Table 2 Impact of Physician Mental Health on Healthcare Quality

Panel A: Inpatient Care Quality: 14-day readmission rate

X0.10 X0.20 X0.30 X0.40 X0.50 X0.60 X0.70 X0.80 X0.90

Y0.10 Coef −3.645 −3.643 −2.092 0.310 −1.537 −1.602 −1.257 −0.607 −0.470
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Y0.20 Coef 11.053 10.689 2.663 1.769 0.501 0.795 0.067 0.465 −0.013
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.14) (0.99)

Y0.30 Coef −2.660 −5.796 −0.113 1.571 1.196 0.687 −0.391 −0.230 −1.952
p value (0.36) (0.00) (0.88) (0.00) (0.00) (0.00) (0.17) (0.89) (0.83)

Y0.40 Coef 11.760 8.017 8.792 1.502 1.660 1.022 1.006 −0.098 −0.280
p value (0.40) (0.02) (0.00) (0.00) (0.00) (0.00) (0.03) (0.56) (0.36)

Y0.50 Coef −6.086 −6.345 −4.655 −1.221 −1.023 −0.072 2.164 3.321 3.186
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.21) (0.00) (0.00) (0.46)

Y0.60 Coef 2.922 2.200 −0.865 −0.034 −0.147 −0.211 −1.225 −1.594 −0.992
p value (0.00) (0.00) (0.16) (0.37) (0.00) (0.00) (0.88) (0.00) (0.15)

Y0.70 Coef −6.569 −5.958 −4.472 −2.718 −0.509 −0.622 −0.695 −1.394 −0.412
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.21) (0.02) (0.77)

Y0.80 Coef −0.502 −0.541 −1.102 −1.525 −2.709 −2.533 −2.716 −2.623 −2.266
p value (0.54) (0.00) (0.38) (0.03) (0.00) (0.00) (0.00) (0.00) (0.00)

Y0.90 Coef 0.058 0.035 0.008 0.013 0.012 0.037 0.018 −0.022 −0.105
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Panel B: Outpatient Care Quality: Preventable hospitalization Rate

X0.10 X0.20 X0.30 X0.40 X0.50 X0.60 X0.70 X0.80 X0.90

Y0.10 Coef −0.210 0.223 −1.407 −1.296 −1.418 −0.761 −2.760 −1.220 −2.306

p value (0.11) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.91)

Y0.20 Coef 0.552 1.065 2.562 3.116 3.210 2.654 1.990 −1.166 −1.652

p value (0.01) (0.02) (0.00) (0.00) (0.00) (0.00) (0.00) (0.46) (0.47)

Y0.30 Coef −0.668 −0.998 −1.291 −1.286 −2.600 −3.080 −0.731 −1.145 −1.973

p value (0.46) (0.06) (0.02) (0.00) (0.00) (0.00) (0.00) (0.05) (0.82)

Y0.40 Coef 0.691 3.238 1.700 1.355 1.899 1.816 0.878 1.593 3.203
p value 0.32 0.19 0.18 (0.00) (0.00) (0.00) (0.00) (0.00) 0.08

Y0.50 Coef 0.219 −0.323 0.944 3.743 5.063 5.847 3.774 1.913 3.770
p value (0.51) (0.14) (0.00) (0.00) (0.00) (0.00) (0.00) (0.10) (0.00)

Y0.60 Coef −0.229 −0.935 −1.722 −3.624 −4.022 −2.978 −1.274 −0.778 −0.977

p value (0.62) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.93)

Y0.70 Coef −1.719 −1.120 −1.531 −1.243 −1.258 −1.366 −0.936 0.848 0.517
p value (0.25) (0.00) (0.02) (0.02) (0.00) (0.00) (0.00) (0.08) (0.03)

Y0.80 Coef 0.228 0.110 0.187 −0.062 0.204 −0.461 −0.215 −0.408 −0.322

p value (0.15) (0.41) (0.97) (0.77) (0.00) (0.00) (0.00) (0.00) (0.41)

Y0.90 Coef 0.227 0.190 0.145 0.098 0.054 0.087 0.027 0.161 0.153
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

(Continued)
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14-day readmission rate are predominantly positive (negative) for the 50% and below quantiles (the 60% and above 
quantiles) of physician mental health disorders, as indicated in (Figure 1D).

(Figure 1E–H) illustrate the effects of physician mental health disorders on middle quantiles of the 14-day read
mission rate. (Figure 1E) demonstrates that, for the 20% to 70% quantiles, there are positive effects of physician mental 
health disorders on the 40% quantile of the 14-day readmission rate. Non-significant effects are observed for other 
quantiles. As indicated in (Figure 1F), the association between physician mental health disorders and the 50% quantile of 
the 14-day readmission rate is negative for the 50% and below quantiles, positive for the 70% to 80% quantiles, and non- 
significant for other quantiles of physician mental health. In addition, (Figure 1G) shows that the effects of physician 
mental health disorders on the 60% quantile of the 14-day readmission rate are positive for the 20% and below quantiles, 
negative for the 50%, 60%, and 80% quantiles, and non-significant for other quantiles of physician mental health 
disorders. These results suggest that the aggregate effects of physician mental health disorders on middle quantiles of the 
14-day readmission rate are predominantly negative for the 10% quantile, positive for the 20% to 80% quantiles, and 
non-significant for 90% quantile of physician mental health disorders, as shown in (Figure 1H).

(Figure 1I–L) depict the effects of physician mental health disorders on high quantiles of the 14-day readmission rate. 
(Figure 1I) demonstrates that there are negative effects of physician mental health disorders on the 70% quantile of the 
14-day readmission rate for most quantiles of physician mental health disorders, except for the 70% and 90% quantiles, 
where the relationship is non-significant. Similarly, (Figure 1J) indicates negative effects of physician mental health 
disorders on the 80% quantile of the 14-day readmission rate across most quantiles of physician mental health disorders, 
with non-significant effects observed at the 10% and 30% quantiles. As shown in (Figure 1K), the association between 
physician mental health disorders and the 90% quantile of the 14-day readmission rate is positive (negative) for the 70% 
and below quantiles (the 80% and above quantiles) of physician mental health disorders. These results indicate that the 

Table 2 (Continued). 

Panel C: Emergence Care Quality: Proportion of Non-urgent ED Visits (%)

X0.10 X0.20 X0.30 X0.40 X0.50 X0.60 X0.70 X0.80 X0.90

Y0.10 Coef −1.531 −1.324 −1.079 −1.212 −2.143 −1.283 0.297 0.691 0.283
p value (0.63) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Y0.20 Coef 1.566 0.716 −0.200 0.383 −0.403 −0.772 −2.818 −4.498 −2.643

p value (0.19) (0.05) (0.47) (0.00) (0.00) (0.00) (0.01) (0.16) (0.30)

Y0.30 Coef 0.318 1.357 1.675 0.993 0.030 0.630 −0.218 0.958 1.239
p value (0.86) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.56) (0.02)

Y0.40 Coef −0.249 −1.022 0.629 1.595 1.263 1.150 2.148 0.401 −0.057

p value (0.94) (0.00) (0.00) (0.00) (0.00) (0.00) (0.02) (0.84) (0.99)

Y0.50 Coef −0.403 0.300 −2.705 −3.814 −2.774 −2.505 −1.922 −0.423 1.920
p value (0.94) (0.87) (0.00) (0.00) (0.00) (0.00) (0.03) (0.00) (0.08)

Y0.60 Coef −1.857 −0.052 −0.419 0.080 0.530 −0.299 0.491 −0.092 −0.303

p value (0.00) (0.84) (0.52) (0.00) (0.00) (0.00) (0.00) (0.95) (0.95)

Y0.70 Coef 0.659 1.119 0.914 0.832 1.953 1.624 1.148 1.326 1.223

p value (0.40) (0.18) (0.94) (0.00) (0.00) (0.00) (0.00) (0.00) (0.77)

Y0.80 Coef 1.113 1.399 1.473 1.578 1.617 1.527 2.138 2.531 1.763
p value (0.67) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Y0.90 Coef 0.235 0.207 0.189 0.214 0.151 0.132 0.098 0.043 0.198
p value (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Notes: Bold fonts denote 10% or more rigorous significance levels. Red and blue fonts represent negative and positive impacts of PMH on healthcare 
quality, respectively.
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aggregate effects of physician mental health disorders on high quantiles of the 14-day readmission rate are predominantly 
negative across all quantiles of physician mental health disorders, as presented in (Figure 1L).

The overall effect of each quantile (τ=0.1, 0.2,….,0.9) of physician mental health disorders on the cumulative 
quantiles of the 14-day readmission rate is depicted in (Figure 1M). This figure shows the summed effects of each 
quantile of physician mental health disorders on the low, middle, and high quantiles of the 14-day readmission rate (ie, 
aggregating effects over all θ from (Figure 1D, H, and L). In contrast, the cumulative effect of each quantile of physician 
mental health disorders on the low, middle, and high quantiles of the 14-day readmission rate can be identified by 
comparing the positive areas and negative areas from (Figure 1D, H, and L), respectively. Specifically, positively 
(negatively) cumulative effects of each quantile of physician mental health disorders on the low, middle, and high 
quantiles of the 14-day readmission rate are justified if the positive (negative) areas dominate the negative (positive) 
areas from (Figure 1D, H and L), respectively. As demonstrated in (Figure 1M), the overall effects of each quantile of 
physician mental health disorders on the cumulative quantiles of the 14-day readmission rate are predominantly negative 
across most quantiles of physician mental health disorders, except for the 30% quantile where a positive effect is found. 
Moreover, the cumulative effects of each quantile of physician mental health disorders on the low and middle (high) 
quantiles of the 14-day readmission rate are found to be positive (negative), as shown by the dominance of positive 
(negative) areas in comparison to negative (positive) areas in (Figure 1D, and H), respectively (Figure 1L).

Effect of Physician Mental Health on Outpatient Care Quality
(Figure 2A–D) present the effects of physician mental health disorders on low quantiles of the preventable hospitalization 
rate. As shown in (Figure 2A), the relationship between physician mental health disorders and the 10% quantile of the 
preventable hospitalization rate is positive for the 20% quantile, negative for the 30% to 80% quantiles, and non-significant 

Figure 1 Impact of each quantile of physician mental health disorders (PMH) on various quantiles of inpatient care quality of (ICQ). 
Notes: Sub-figures (A–D) illustrate the effects of each quantile of PMH on the 0.1 (ICQ_0.1), 0.2 (ICQ_0.2), 0.3 (ICQ_0.3) quantile and the low quantiles of ICQ (ie, 
aggregate over low quantiles of ICQ), respectively; Sub-figures (E–H) illustrate the effects of each quantile of PMH on the 0.4 (ICQ_0.4), 0.5 (ICQ_0.5), 0.6 (ICQ_0.6) 
quantile and the middle quantiles of ICQ (ie, aggregate over middle quantiles of ICQ), respectively; Sub-figures (I–L) illustrate the effects of each quantile of PMH on the 0.7 
(ICQ_0.7), 0.8 (ICQ_0.8), 0.9 (ICQ_0.9) quantile and the high quantiles of ICQ (ie, aggregate over high quantiles of ICQ), respectively; Sub-figure (M) depicts the cumulative 
impact of each PMH quantile across all quantiles of ICQ (ie, aggregate over all quantiles of ICQ).
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for other quantiles of physician mental health disorders. (Figure 2B) demonstrates that the effects of physician mental health 
disorders on the 20% quantile of the preventable hospitalization rate are positive (non-significant) for the 70% and below (the 
80% and above) quantiles of physician mental health disorders. Nonetheless, the relationship between physician mental 
health disorders and the 30% quantile of the preventable hospitalization rate is negative across most quantiles of physician 
mental health disorders, except for the 10% and 90% quantiles, where the relationship is non-significant (see (Figure 2C). 
These findings indicate that the aggregate effects of physician mental health disorders on low quantiles of the preventable 
hospitalization rate are predominantly positive for the 10%, 20%, and 40% quantiles, negative for the 30% and 50% to 80% 
quantiles and non-significant for the 90% quantile of physician mental health disorders, as shown in (Figure 2D).

(Figure 2E–H) illustrate the effects of physician mental health disorders on middle quantiles of the preventable 
hospitalization rate. As demonstrated in (Figure 2E), positive (non-significant) effects of physician mental health 
disorders on the 40% quantile of the preventable hospitalization rate are justified for the 40% and above quantiles (the 
30% and below quantiles) of physician mental health disorders. Similarly, (Figure 2F) shows that physician mental health 
disorders are positively (non-significantly) associated with the 50% quantile of the preventable hospitalization rate for the 
30% and above quantiles (the 20% and below quantiles) of physician mental health disorders. Nevertheless, (Figure 2G) 
portrays a negative association between physician mental health disorders and the 60% quantile of the preventable 
hospitalization rate across most quantiles of physician mental health disorders, except for the 10% and 90% quantiles, 
where the relationship is non-significant. These results suggest that the aggregate effects of physician mental health 
disorders on middle quantiles of the preventable hospitalization rate are predominantly positive for the 40% and above 
quantiles, negative for the 20% to 30% quantiles and non-significant for the 10% quantile of physician mental health 
disorders, as displayed in (Figure 2H).

Figure 2 Impact of each quantile of physician mental health disorders (PMH) on various quantiles of outpatient care quality (OCQ). 
Notes: Sub-figures (A–D) illustrate the effects of each quantile of PMH on the 0.1 (OCQ_0.1), 0.2 (OCQ_0.2), 0.3 (OCQ_0.3) quantile and the low quantiles of OCQ (ie, 
aggregate over low quantiles of OCQ), respectively; Sub-figures (E–H) illustrate the effects of each quantile of PMH on the 0.4 (OCQ_0.4), 0.5 (OCQ_0.5), 0.6 (OCQ_0.6) 
quantile and the middle quantiles of OCQ (ie, aggregate over middle quantiles of OCQ), respectively; Sub-figures (I–L) illustrate the effects of each quantile of PMH on the 
0.7 (OCQ_0.7), 0.8 (OCQ_0.8), 0.9 (OCQ_0.9) quantile and the high quantiles of OCQ (ie, aggregate over high quantiles of OCQ), respectively; Sub-figure (M) depicts the 
cumulative impact of each PMH quantile across all quantiles of OCQ (ie, aggregate over all quantiles of OCQ).
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(Figure 2I–L) describe the effects of physician mental health disorders on high quantiles of the preventable hospitaliza
tion rate. (Figure 2I) shows that the association between physician mental health disorders and the 70% quantile of the 
preventable hospitalization rate is non-significant for the 10% quantile, negative for the 20% to 70% quantiles, and positive 
for the 80% and above quantiles of physician mental health disorders. (Figure 2J) suggests that the relationship between 
physician mental health disorders and the 80% quantile of the preventable hospitalization rate is negative for the 60% to 80% 
quantiles, positive for the 50% quantile, and non-significant for other quantiles of physician mental health disorders. 
Nonetheless, (Figure 2K) shows an unambiguously positive association between physician mental health disorders and the 
90% quantile of the preventable hospitalization rate across all quantiles of physician mental health disorders. These findings 
indicate that the aggregate effects of physician mental health disorders on high quantiles of the preventable hospitalization 
rate are predominantly negative for the 20% to 70% quantiles and positive for the 10%, 80% and above quantiles of 
physician mental health disorders, as illustrated in (Figure 2L). Moreover, as demonstrated in (Figure 2M), the overall effects 
of each quantile of physician mental health disorders on the cumulative quantiles of the preventable hospitalization rate are 
negative for the 20% and 30% quantiles of physician mental health disorders, while other quantiles exhibit positive effects. 
Furthermore, the cumulative effects of each quantile of physician mental health disorders on the low and high (middle) 
quantiles of the preventable hospitalization rate are found to be negative (positive), as shown by the dominance of the 
negative (positive) areas in comparison to the positive (negative) areas from (Figure 2D, and L), respectively (Figure 2H).

Effect of Physician Mental Health on Emergency Care Quality
(Figure 3A–D) demonstrate the effects of physician mental health disorders on low quantiles of the non-urgent ED-visit 
rate. As indicated in (Figure 3A), the effects of physician mental health disorders on the 10% quantile of the non-urgent 
ED-visit rate are non-significant, negative, and positive for the 10% quantile, the 20% to 60% quantiles, and the 70% and 

Figure 3 Impact of each quantile of physician mental health disorders (PMH) on various quantiles of emergency care quality (ECQ). 
Notes: Sub-figures (A–D) illustrate the effects of each quantile of PMH on the 0.1 (ECQ_0.1), 0.2 (ECQ_0.2), 0.3 (ECQ_0.3) quantile and the low quantiles of ECQ (ie, 
aggregate over low quantiles of ECQ), respectively; Sub-figures (E–H) illustrate the effects of each quantile of PMH on the 0.4 (ECQ_0.4), 0.5 (ECQ_0.5), 0.6 (ECQ_0.6) 
quantile and the middle quantiles of ECQ (ie, aggregate over middle quantiles of ECQ), respectively; Sub-figures (I–L) illustrate the effects of each quantile of PMH on the 0.7 
(ECQ_0.7), 0.8 (ECQ_0.8), 0.9 (ECQ_0.9) quantile and the high quantiles of ECQ (ie, aggregate over high quantiles of ECQ), respectively; Sub-figure (M) depicts the 
cumulative impact of each PMH quantile across all quantiles of ECQ (ie, aggregate over all quantiles of ECQ).
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above quantiles of physician mental health disorders, respectively. (Figure 3B) suggests that the relationship between 
physician mental health disorders and the 20% quantile of the non-urgent ED-visit rate is non-significant for the 10%, 
30%, and 90% quantiles, positive for the 20% and 40% quantiles, and negative for the 50% to 80% quantiles of physician 
mental health disorders. Nevertheless, (Figure 3C) shows that the relationship between physician mental health disorders 
and the 30% quantile of the non-urgent ED-visit rate is non-significant for the 10% and 80% quantiles, negative for the 
70% quantile, and positive for other quantiles of physician mental health disorders. These findings suggest that the 
aggregate effects of physician mental health disorders on low quantiles of the non-urgent ED-visit rate are predominantly 
negative for the 50% to 80% quantiles, positive for the 20% to 40%, and 90% quantiles, and non-significant for the 10% 
quantile of physician mental health disorders, as demonstrated in (Figure 3D).

(Figure 3E–H) illustrate the effects of physician mental health disorders on middle quantiles of the non-urgent ED- 
visit rate. (Figure 3E) shows that the association between physician mental health disorders and the 40% quantile of the 
non-urgent ED-visit rate is negative for the 20% quantile, positive for the 30% to 70% quantiles, and non-significant for 
other quantiles of physician mental health disorders. As indicated in (Figure 3F), the effects of physician mental health 
disorders on the 50% quantile of the non-urgent ED-visit rate are non-significant, negative, and positive for the 20% and 
below quantiles, the 30% to 80% quantiles, and the 90% quantile of physician mental health disorders, respectively. 
(Figure 3G) shows that the effects of physician mental health disorders on the 60% quantile of the non-urgent ED-visit 
rate are negative for the 10% and 60% quantiles, positive for the 40%, 50%, and 70% quantiles, and non-significant for 
other quantiles of physician mental health disorders. These results indicate that the aggregate effects of physician mental 
health disorders on middle quantiles of the non-urgent ED-visit rate are predominantly positive for the 70% and 90% 
quintiles of physician mental health disorders, while other quantiles exhibit predominantly negative effects, as demon
strated in (Figure 3H).

(Figure 3I–L) display the effects of physician mental health disorders on high quantiles of the non-urgent ED-visit 
rate. As indicated in (Figure 3I), the relationship between physician mental health disorders and the 70% quantile of the 
non-urgent ED-visit rate is positive for the 40% to 80% quantiles of physician mental health disorders, while the 
relationship is non-significant for other quantiles. (Figure 3J) presents the positive effects of physician mental health 
disorders on the 80% quantile of the non-urgent ED-visit rate across all quantiles except for the 10% quantile where the 
relationship is non-significant. Similarly, (Figure 3K) shows unambiguously positive impacts of physician mental health 
disorders on the 80% quantile of the non-urgent ED-visit rate across all quantiles of physician mental health disorders. 
These findings indicate that the aggregate effects of physician mental health disorders on high quantiles of the non-urgent 
ED-visit rate is predominantly positive across all quantiles of physician mental health disorders, as illustrated in 
(Figure 3L). Furthermore, as demonstrated in (Figure 3M), the overall effect of each quantile of physician mental health 
disorders on the cumulative quantiles of the non-urgent ED-visit rate are negative for the 10% and 80% quantiles of 
physician mental health disorders while other quantiles exhibit positive effects. Finally, the cumulative effects of each 
quantile of physician mental health disorders on the low and middle (high) quantiles of the non-urgent ED-visit rate are 
found to be negative (positive), as indicated by the dominance of the negative (positive) areas in comparison to the 
positive (negative) areas in (Figure 3D and H), respectively (Figure 3L).

Discussion
Evidence from Table 2 and Figures 1–3 allows us to discuss two types of asymmetric relationships between physician 
mental health disorders and healthcare quality, these being the overall effects of each quantile of physician mental health 
disorders on the cumulative quantiles of healthcare quality, and the cumulative effects of each quantile of physician 
mental health disorders on various quantiles of healthcare quality. Based on our empirical results, several policy 
implications can be drawn from these effects and stated as follows:

First, it is crucial to recognize that the impact of physician mental health disorders on healthcare quality can be 
ambiguous when considering both the theoretical and empirical perspectives. The empirical viewpoint is supported by 
studies that have observed cyclical patterns of mental health disorders.34–39 On the other hand, the theoretical viewpoint 
is based on the conventional production theory, which explains the connection between physician mental health and 
healthcare quality as an input-output relationship. In this framework, healthcare quality is considered to be the output of 
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an aggregate health production function, while physician mental health serves as the labor input. Insight into the effect of 
physician mental health disorders on healthcare quality can be gained by considering the unobserved quantity input and 
quality of input propositions as motivated by the recent research conducted by Casalino et al.19 The unobserved quantity 
input proposition hypothesizes that a higher prevalence of mental health disorders among physicians may indicate their 
dedication and effort to provide quality care. In other words, physicians who prioritize patient well-being may experience 
elevated levels of stress and burnout, potentially leading to mental health disorders. This proposition, nevertheless, 
implies that these physicians are still capable of delivering good quality care despite their mental health challenges.3,19 In 
contrast, the quality of input proposition postulates that mental health disorders would undermine the professional 
competence of physicians, affecting their ability to provide quality care. This proposition highlights that the resilience 
and adaptability of physicians may not be sufficient to maintain their performance standards when confronted with 
mental health challenges.19,58

Second, both the overall and cumulative effects of each quantile of physician mental health disorders depicted in 
Figures 1–3 suggest ambiguous effects of physician mental health disorders on healthcare quality. These findings are 
consistent with previous studies that have also reported an ambiguous relationship between physician mental health 
disorders and healthcare quality.19–28 Moreover, the overall effects of each quantile of physician mental health disorders 
on the cumulative quantiles of healthcare quality can be further aggregated into the overall aggregate effects of each 
quantile of physician mental health disorders, and these effects can be identified by comparing the positive and negative 
areas depicted in (Figures 1M, 2M and 3M). As indicated in these figures, the overall aggregate effects are found to be 
negative (positive) for the cumulative quantiles of the 14-day readmission rate (preventable hospitalization rate and non- 
urgent ED-visit rate), providing evidence in favor of the unobserved quantity input proposition (the quality of input 
proposition) for the inpatient (outpatient and ED) sectors of Taiwan’s NHI system. It is worth noting that physician 
mental health disorders do not directly cause an increase in non-urgent ED utilization. Nevertheless, physician mental 
health disorders can serve as an indicator of the trustworthiness and stability of the healthcare system. When individuals 
perceive a lack of accessibility and stability in the healthcare system due to an increase in physician mental health 
disorders, it may contribute to an increase in non-urgent ED utilization. This phenomenon was particularly observed 
during the COVID-19 pandemic, when retired healthcare professionals were called back to the healthcare system to 
ensure the stability of physician labor inputs and healthcare services.

Similar to healthcare systems in other countries, Taiwan’s NHI system has also encountered challenges such as 
a shortage of healthcare personnel and increased work pressure and psychological burden during the pandemic. In order 
to prevent the collapse of the healthcare system, strict administrative orders have been implemented to restrict healthcare 
utilization in inpatient sectors, resulting in an increase in the non-urgent ED-visit rate. Therefore, when healthcare 
administrators detect an increased risk of physician mental health disorders, they should implement relevant intervention 
strategies to maintain healthcare quality in the outpatient and ED sectors under Taiwan’s NHI system. These strategies 
may include enhancing the effectiveness of physician support systems, improving the working environment for 
physicians, introducing various incentives to motivate physicians, and most importantly, reestablishing public confidence 
in the accessibility of healthcare services during outbreak conditions.

Third, while the unobserved quantity input proposition (the quality of input proposition) is supported for the inpatient 
(outpatient and ED) sectors of Taiwan’s NHI system, the acceptance of either the unobserved quantity input proposition 
or the quality of input proposition varies across different quantiles of healthcare quality. Specifically, the unobserved 
quantity input (quality of input) proposition holds true based on the negatively (positively) cumulative effects of each 
quantile of physician mental health disorders on the high (low and middle) quantiles of the 14-day readmission rate for 
the inpatient sector. Consequently, when facing with low inpatient care quality (corresponding to high quantiles of the 14- 
day readmission rate in (Figure 1L), increasing work pressure to improve the delivery of healthcare services may 
somewhat elevate the risk of physician mental health disorders, but it may also enhance inpatient care quality. 
Conversely, when facing with middle and high inpatient care quality (corresponding to middle and low quantiles of 
the 14-day readmission rate in in (Figure 1H and D), respectively), when there is a higher risk of physician mental health 
disorders, healthcare administrators must actively intervene to address physician mental health disorders and reduce the 
risk in order to maintain high-quality inpatient care.
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It is important to note that the same active intervention strategies should be implemented by healthcare administrators for 
the outpatient sector when faced with middle outpatient care quality, since we found that the quality input proposition holds 
true based on the positively cumulative effects of each quantile of physician mental health disorders on the middle quantiles of 
the preventable hospitalization rate, as illustrated in (Figure 2H). Contrarily, the unobserved quantity input proposition holds 
true based on the negatively cumulative effects of each quantile of physician mental health disorders on the low and high 
quantiles of the preventable hospitalization rate, as indicated in (Figure 2D and L), respectively. Additionally, we observed that 
the unobserved quantity input (quality input) proposition is supported for the negatively (positively) cumulative effects of each 
quantile of physician mental health disorders on the low and middle (high) quantiles of the non-urgent ED-visit rate in the ED 
sector, as indicated in (Figure 3D, H and L). Therefore, healthcare administrators should prioritize establishing public 
confidence in the accessibility of healthcare services during the pandemic outbreak conditions, particularly in the context of 
low-quality emergency care, as indicated by the high quantiles of the non-urgent ED-visit rate shown in (Figure 3L).

This study makes contributions beyond those of the existing literature on the relationship between physician mental health and 
healthcare quality in three respects: First, although cyclical patterns of mental health disorders have attracted lots of attention in the 
healthcare research,34–39 the literature has not explored the asymmetric effects of physician mental health disorders on healthcare 
quality stemming from these cyclical patterns. In this study, we employed the QQRM proposed by Sim and Zhou50 for the first 
time, allowing for the incorporation of results similar to the positive,19 negative,20–25 inconclusive26–28 or insignificant effects of 
physician mental health disorders on healthcare quality found in previous studies.29–33 Second, the QQRM provides advantages 
over linear regression in terms of its reduced sensitivity to the normality assumption in statistical inference. In addition, we have 
utilized the unobserved quantity input and quality of input propositions, drawing upon the research conducted by Casalino et al,19 

to interpret the ambiguous effects of physician mental health disorders on healthcare quality obtained from the QQRM. These 
propositions have provided valuable insights into the complex relationship between physician mental health and the healthcare 
quality. Third, in contrast to previous research that relied on self-reported or survey data on mental health disorders and patient 
outcomes to establish the relationships between physician mental health disorders and healthcare quality, our study utilized 
clinical diagnosis data for specific symptoms of mental health disorders (such as burnout, depressive episodes without psychotic 
symptoms, anxiety disorder, predominantly obsessional thoughts or ruminations, acute stress reaction, post-traumatic stress 
disorder, adjustment disorders, and nonorganic insomnia) and objective patient-care outcomes (such as the 14-day readmission 
rate, preventable hospitalization rate, and non-urgent ED-visit rate) obtained from the National Insurance Research Database in 
Taiwan to investigate the linkage between physician mental health disorders and healthcare quality. The data collection process 
used in this study not only has a higher likelihood of generating fewer measurement errors compared to survey methods employed 
in previous studies, but it also enhances the robustness and validity of our findings regarding the relationship between physician 
mental health disorders and healthcare quality.

This study, nevertheless, is subject to several limitations. First, although the clinical diagnosis codes utilized in this 
study to calculate the prevalence of mental health disorders were based on previous research,4 it is important to 
acknowledge that the prevalence of mental health disorders may vary depending on the inclusion of specific clinical 
diagnosis codes. To mitigate potential biases stemming from the inclusion of clinical diagnosis codes, our analyses utilize 
a relative measure of mental health disorders, namely the ratio of physician mental health disorders prevalence to general 
population mental health disorders prevalence. Second, this study falls under the category of ecological time series 
analysis. In order to avoid the ecological fallacy,59 our empirical results cannot be interpreted as directly capturing 
individual patients’ decision-making regarding healthcare utilization (eg, inpatient, outpatient, and emergency care) or 
their individual social distancing behaviors in response to changes in physician mental health disorders during the 
COVID-19 pandemic outbreak. We recommend that future studies collect individual-level data to explore the interplay 
between changes in physician mental health, patients’ healthcare-seeking decisions, and individuals’ social distancing 
behaviors during the COVID-19 pandemic outbreak within Taiwan’s NHI system.

Conclusion
Although there is a substantive body of literature investigating the impact of physician mental health disorders on healthcare 
quality, the asymmetric relationship between these two variables remains unexamined in the field of healthcare services. In order 
to unravel this asymmetric relationship, we applied the QQRM proposed by Sim and Zhou50 to investigate the asymmetric effect 
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of physician mental health disorders on healthcare quality during the COVID-19 pandemic outbreak in Taiwan for the first time. 
Daily data for inpatient, outpatient, and emergency care quality indicators (represented by the 14-day readmission rate, 
preventable hospitalization rate, and overall non-urgent ED-visit rate, respectively) and physician mental health disorders 
were collected from the National Insurance Research Database in Taiwan. Additionally, the Google COVID-19 Community 
Mobility Report provided daily data on the time spent in various categories of places (including retail and recreation, grocery and 
pharmacy, parks, transit stations, workplaces, and residential areas) compared to a baseline period before the pandemic. These 
data were used to calculate the social distance index, which served as a control variable to measure the extent of individual 
behavior change during the COVID-19 pandemic outbreak. The sample period spanned from February 15, 2020, to 
December 31, 2020, resulting in a total of 321 daily observations.

Our results revealed that the overall aggregate effects of each quantile of physician mental health disorders on the 
cumulative quantiles of healthcare quality are negative (positive) for the 14-day readmission rate (preventable hospita
lization rate, and non-urgent ED-visit rate). Moreover, we observed that the cumulative effects of each quantile of 
physician mental health disorders on the high quantiles of the 14-day readmission rate are negative, while they are 
positive for the low and middle quantiles. In contrast, the cumulative effects of each quantile of physician mental health 
disorders on various quantiles of the non-urgent ED-visit rate exhibit the opposite pattern as that seen for the 14-day 
readmission rate. Furthermore, the positively (negatively) cumulative effects of each quantile of physician mental health 
disorders are detected in the middle (low and high) quantiles of the preventable hospitalization rate.

The underlying message drawn from the variation in the relationship between physician mental health disorders and 
different quantiles of healthcare quality delivery suggests that the impact of physician mental health disorders on healthcare 
quality is not straightforward within the inpatient, outpatient, and ED care sectors of Taiwan’s NHI system. This complexity 
remains, despite the average prevalence of mental health disorders among physicians was 43.80% higher than that among the 
general population during the COVID-19 pandemic outbreak. Therefore, strategic interventions, including the promotion of 
physician support systems, enhancements to working environments, provision of incentives to motivate physicians, and efforts 
to rebuild public confidence in healthcare service accessibility, should be carefully tailored based on the observed level of care 
quality when facing a higher risk of physician mental health disorders during pandemic outbreak conditions.
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