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Purpose: This study investigates the influence of demographic changes on the effectiveness of hospital nurse staffing policy,
measured by the cumulative response of inpatient care quality to adjustments in hospital nurse staffing levels in Taiwan.

Methods: The research design utilized in this study aligns with the observational time-series methodology, and a total of 99 monthly
time-series observations were collected from multiple databases administered by the Taiwan government over the period from
January 2015 to March 2023. Specifically, the time-varying parameter vector autoregressive and autoregressive distributed lag models
were employed to investigate the association between age distribution and nurse staffing policy effectiveness.

Results: The time-varying impulse responses of the unplanned 14-day readmission rate after discharge to changes in nurse staffing
levels indicate a positive association between patient-to-nurse ratios and unplanned 14-day readmission rates across various types of
hospitals. Nevertheless, the effectiveness of hospitals’ nurse staffing policy is observed to diminish with population aging, particularly
evident in medical centers and regional hospitals.

Conclusion: Policymakers should establish lower mandated patient-to-nurse ratios, grounded in practical nurse workforce planning,
to address the needs of an aging society and enhance inpatient care quality through improved nurse staffing in hospitals.
Keywords: demographic structural change, nurse staffing, inpatient care quality, time-varying parameter vector autoregressive model,

autoregressive distributed lags model

Introduction

Background

In accordance with the Global Nursing Workforce and International Migration Report published by the International
Council of Nurses in 2022, titled “Sustain and Retain in 2022 and Beyond”, the global nursing workforce is facing
a shortage of approximately 13 million professionals due to the increased demand for healthcare services resulting from
the COVID-19 pandemic.' In fact, the shortage of nursing personnel on a global scale is not a unique phenomenon solely
attributed to the COVID-19 pandemic.? The insufficiency of nursing staff represents a pervasive challenge evident in
diverse healthcare systems, including the National Health Service system (eg, the United Kingdom,” Ireland,* and the
Nordic countries’), the social health insurance system (eg, Germany,® Canada,’ Japan,® and Taiwan®), the private health
insurance system (eg, the United States'’), and other contexts.'" The deficit in nursing staff not only compounds the
challenges within the nursing profession’s working conditions but also exerts a detrimental influence on patient outcomes
(or healthcare quality),12 and hospital financial performance.'® Prior research on nursing staffing shortages can be
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delineated into two primary themes. The first theme focuses on the physiological and psychological responses exhibited
by nursing personnel in response to the deterioration of working conditions within the nursing practice, encompassing

5,12,14,16

aspects such as burnout,'*'> depression,'> job satisfaction,'* intention to leave and turnover, and occupational

injury risks.'*!” The second theme underscores the impact of nurse staffing shortages on various dimensions of care

121820 omergency care quality,”’ ICU care quality,” and long-term care

quality, including inpatient care quality,
quality.”*** In order to enhance the nursing practice environment, mitigate nursing personnel shortages, and consequently
ensure the sustained elevation of healthcare quality, most countries globally have instituted substantial regulations and
controls governing nurse staffing levels within hospital settings.

According to a study conducted by Aiken et al, the average patient-to-nurse ratio (PNR, hereafter) was found to vary
from approximately 3.4 to 17.9 patients per nurse across countries belonging to the Organization for Economic
Cooperation and Development.>> Norway and Ireland exhibited the most favorable PNRs, with averages falling below
seven patients per nurse. In close succession were the Netherlands, Sweden, and Switzerland, with PNRs ranging from
seven to eight patients per nurse. The United Kingdom reported an average PNR of nearly 9, whereas Belgium and Spain
demonstrated PNRs exceeding 10 patients per nurse, suggesting a comparatively higher care burden on nursing
personnel. Moreover, recent studies suggest that the average PNRs in some advanced Asian countries are approximately
7.5 in South Korea, 10.5 in Japan, and 8.1 in Taiwan.’*?” The identified positive correlation between nurse staffing levels

12182527 ynderscores the potential

and care quality, as highlighted in the study by Aiken et al*> and many other studies,
of regulating hospital nurse staffing as a crucial policy instrument in healthcare administration. This instrument has the
capacity to serve as an effective means of monitoring and upholding inpatient care quality to elevated standards.
Consequently, recent studies examining the effectiveness of nurse staffing policy have predominantly concentrated on
the effect of changes in nurse staffing on inpatient care quality. The methodologies employed in these investigations
frequently utilize intervention models within a natural experiment framework. For instance, de Cordova et al utilized
interrupted time-series analysis to scrutinize the effects of reporting and disclosure measures on PNRs in the United
States, and their findings indicated a noteworthy reduction in PNR subsequent to the implementation of reporting and
disclosure measures, signifying an amelioration in the care burden on nursing personnel.® Similarly, Van et al employed
the same methodology to evaluate the impact of intervention measures on PNRs in the United States, revealing a positive
influence of diminished PNRs on inpatient care quality.”® This positive correlation between nurse staffing levels and

inpatient care quality is also evident in numerous other nursing studies.'>'%20-2%25:27

Demographic Change & Nurse Staffing

Notwithstanding the established positive influence of nurse staffing levels on inpatient care quality, the accelerated aging
of the global population presents a substantial challenge to the effectiveness of hospitals’ nurse staffing policy from two
distinct perspectives. First, the increasing elderly population amplifies the demand for healthcare, exacerbating the
severity of nurse shortages.”” Second, the rise in unmarried or childless individuals contributes to a departure from
familial care responsibilities,* leading to fewer economically active people financing health and welfare systems, while
the demands on these systems continue to increase.’'** Hence, comprehending the potential impact of demographic
structural changes on the effectiveness of hospitals’ nurse staffing policy emerges as a crucial concern within the realms
of healthcare services. Previous studies on the influence of demographic structural changes on policy effectiveness have

33.34 securities

primarily included empirical studies within diverse economic markets, encompassing the monetary market,
market,*> exchange market®® real estate market,®’ and various commodity markets.®” Nevertheless, research examining
the nexus between demographic changes and the effectiveness of healthcare policies is scarce within the literature on
healthcare services. To the best of the authors’ knowledge, Lin et al conducted the initial study to scrutinize the impact of
demographic changes on the effectiveness of the outpatient copayment policy in Taiwan, and their findings suggested that
the effectiveness of the outpatient copayment policy would be enhanced by the aging population.*® In contrast to Lin et al
results, Chen et al undertook a study on the influence of demographic structural changes on the effectiveness of
emergency department copayment policies in Taiwan.*® Their results indicated that if the policy objective is to curtail
the overall utilization of emergency services in medical centers, adjustments to copayment levels necessitated by an
aging society would need to be significantly higher than the presently established standards.*
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Purposes of the Study

In order to fill the research gap pertaining to the impact of demographic changes on nurse staffing policy effectiveness,
this study endeavored to investigate the relationship between demographic changes and hospital nurse staffing policy
effectiveness. Taiwan was specifically selected as the study region for three primary reasons: First, Taiwan stands as one
of the most rapidly aging countries worldwide. The proportion of the elderly population (aged 65 and above) in Taiwan
surged from 7% in 1993 to 14% in 2018, with projections anticipating a further increase to 20% by 2025.*° This
transition from an aging society (7%) to an aged society (14%) occurred within a mere 25 years, and the subsequent shift
from an aged society (14%) to a super-aged society (20%) is anticipated to transpire within a span of just 7 years,
underscoring significant demographic changes.*® Second, while Taiwan’s National Health Insurance (NHI, hereafter)
program provides comprehensive healthcare services, including inpatient, outpatient, and dental services, traditional
Chinese medicine, and prescription drugs, the implementation of a global budgeting payment scheme aimed at control-
ling the rapid growth of healthcare expenditure may potentially restrict the allocation of nursing staff in hospitals.>’>%3°
Third, despite regulatory efforts such as mandated minimum PNRs and the use of the PNR as a critical indicator for
hospital accreditation,*' the nursing labor market in Taiwan is confronting a significant challenge, with approximately
40% of nurses expressing reluctance to enter the workforce.** These circumstances collectively provide a compelling
backdrop for the examination of the impact of demographic changes on hospitals’ nurse staffing policy.

In this study, we proceed with our investigation on the nexus between demographic changes and the effectiveness of
hospitals’ nurse staffing policy in the following steps: First, we employ the time-varying parameter vector autoregressive
(TVP-VAR, hereafter) model, as proposed by Nakajima,* coupled with time-varying impulse-response analyses (TV-IRA,
hereafter). This methodology allows us to simulate the impact of nurse staffing adjustments, specifically, the changes in
PNRs, on inpatient care quality, as measured by the unplanned 14-day readmission rate after discharge (hereafter 14-day
readmission rate). The cumulative response of the 14-day readmission rate to changes in PNR over a 12-month timespan
serves as a metric for assessing the effectiveness of hospitals’ nurse staffing policy. This approach addresses a notable gap in
the literature by examining the long-run impacts of nurse staffing on inpatient care quality.****%* Second, we employ the
autoregressive distributed lags (ARDL, hereafter) model, as introduced by Pesaran et al,* to examine the long-run

relationship among hospital nurse staffing policy effectiveness and age distribution.

Contribution of the Study

This study makes significant contributions to the literature on the effects of demographic changes on the effectiveness of
hospitals’ nurse staffing policy based on two aspects: First, differing from prior research on the effectiveness of nurse staffing
policies, which frequently concentrates on analyzing the association between nurse staffing levels and inpatient care quality

or the short-run effects of nurse staffing policy changes based on one-shock interventions,?***

this study introduces a novel
approach by utilizing the TVP-VAR model in conjunction with the ARDL model. This innovative methodology enables the
analysis of the impact of demographic changes on the effectiveness of hospitals’ nurse staffing policy in Taiwan. Second, in
contrast to previous studies that relied on a single demographic indicator (such as the proportion of the elderly population,
dependency ratio, or economic dependency ratio) to explore the association between demographic changes and policy
effectiveness,™ this study conducts empirical analyses based on the age distribution of the entire population. The results of
this study have the potential to serve as crucial references for the Taiwan government in formulating more comprehensive

nurse staffing policies aimed at sustaining inpatient care quality within Taiwan’s NHI system.

Materials and Methods

Research Design

The primary objective of this study was to investigate the relationship between demographic structural changes and the
effectiveness of hospital nurse staffing policy. Demographic structural change refers to significant alterations in the composition
of a population over time. To measure the effectiveness of hospital nurse staffing policies, we analyzed the impulse responses of
inpatient care quality to changes in nurse staffing over a 12-month period. Therefore, the research design utilized in this study

Risk Management and Healthcare Policy 2024:17 hetps: 1727

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lai et al Dove

aligns with the observational time-series methodology, and several time-series models were used to analyze secondary data to
investigate the primary objective of this study.

Data Collection and Samples

The data utilized for this research were sourced from multiple databases: the Open Database of Taiwan’s National Health
Insurance (managed by the National Health Insurance Administrative), the Healthcare Quality Database of the Center of
Quality Management (under the administration of the Joint Commission of Taiwan), and the Macroeconomics Statistics
Database (administered by the Directorate General of Budget, Accounting, and Statistics). Specifically, data pertaining to
inpatient care quality (quantified by 14-day readmission rates),?”*>*® labor input (measured through PNR denoting the
average number of patients cared for by one nurse per shift),”” and length of stay per admission (utilized to control for the
severity of illnesses)!” were collected for medical centers, regional hospitals, and district hospitals. These data were
employed in the estimation of the hospital production function outlined in the data analysis section below. Subsequently,
the effectiveness of hospitals’ nurse staffing policy, indicated by the cumulative response of the 14-day readmission rate
to a standard deviation change in the PNR in acute care wards within a 12-month timespan, was derived from the
estimated hospital production function. Additionally, demographic data encompassing the distribution of the population
across seven age-specific groups (ie, under 15, aged 15-24, aged 2534, aged 35-44, aged 45-54, aged 5564, and 65 or
over), healthcare workers’ incomes (measured by the real wage level in the healthcare industry”’), reimbursement
payment per diem (utilized to control for hospital competition under Taiwan’s NHI global budgeting payment
scheme®”), and business cycles (indicated by the leading indicator of business cycles*®) were collected. These data
were employed to investigate the long-run effects of demographic change on the effectiveness of hospitals’ nurse staffing
policy. Monthly data spanning from January 2015 to March 2023 were collected, resulting in a total of 99 monthly
observations for our analyses. The determination of the observed study period relied upon the availability of the longest

and consistently maintained time-series data accessible to academic researchers.

Data Analysis

The empirical procedure used to investigate the association between demographic structural change and the effectiveness
of hospitals’ nurse staffing policy included two steps: First, we conducted the TV-IRA based on Nakajima’s method* to
obtain the responses of inpatient care quality to changes in nursing staffing within a 12-month timespan across our study
period. The magnitude of these impulse responses served as a measure for the effectiveness of hospitals’ nurse staffing
policy. The methodology utilized in this study to assess policy effectiveness has been extensively employed in prior
policy evaluation studies, spanning analyses of monetary and fiscal policies,®® copayment policies for outpatient care
services,”® and emergency department visits.>> Second, given that previous studies, including those by Lin et al*® and
Chen et al,*° have delved into the impact of demographic change on healthcare policy effectiveness, we utilized the
ARDL model proposed by Pesaran et al** along with Fair and Dominguez’s method*’ to delineate the nonlinear
relationship between age distribution and the effectiveness of nurse staffing policy. The lag selection procedures and
diagnostic assessments of the goodness-of-fit for the ARDL model drew upon methodologies established in prior studies,
such as those conducted by Chang and Chen’® and Chen and Lin.>! For the sake of brevity, we omit the technical details
of the specification and estimation process for the TPV-VAR and ARDL models. Interested readers are referred to the
Supplementary Materials of this study for further information. The tabulated description of these two empirical models is

presented in Table 1.

Ethical Considerations

This study uses secondary data, specifically monthly economic indicators, aggregate healthcare utilization, and demo-
graphic data for all residents in Taiwan. These data did not involve any human participants or tissue, and the data
collection process was approved by the Research Ethics Committee of Taichung Tzu Chi Hospital with the Certificate of
Exempt Review ID: REC110-23.

1728 "= Risk Management and Healthcare Policy 2024:17

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=468178.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove

Lai et al

Table | Tabulated Description for Empirical Models

A. TPV-VAR Model

Procedures

Description

Variables/Results

Step |: Model

Specification

® Setup the hospital production function for three types of
hospitals (ie, medical centers, regional hospitals, district

hospitals).

® Output variable: Inpatient care quality (14-day readmission
rate)
® Input variable: Patient-to-nurse ratio (PNR)

® Control variable: Length of stay per admission

Step 2: Model

Specification Tests

® The break-point unit root test proposed by Perron®? is
used to test for the stationarity of the time series.

® The parameter stability test proposed by Hansen® is
used to test for Hy: TIP-VAR (Time-invariant parameter)
model versus H,: TVP-VAR model.

® ADF statistics and p values are generated by Perron’s
method.*

® Sup-F statistics and p values are generated by Hansen’s
method.>?

® Fisher x° method is used to obtain an aggregate Sup-F

statistic.>

Step 3: Estimation

Process

® The Bayesian Markov chain Monte Carlo method, with
10,000 repetitions, is used to simulate responses of the
14-day readmission rate to a standard deviation change in

the PNR in acute care wards over a |2-month period.*?

® Effectiveness of nurse staffing policy is indicated by the
cumulative response of the 14-day readmission rate to
a standard deviation change in the PNR ratio in acute care

wards within a 12-month timespan

B. ARDL Model

Procedures

Description

Variables/Results

Step |: Model

Specification

® Setup the linear relationship between age distribution
and nurse staffing policy effectiveness for three types of
hospitals (ie, medical centers, regional hospitals, district

hospitals).

® Dependent variable: The effectiveness of nurse staffing
policy

® Explanatory variables: Shares of total population at seven
specific age groups

® Control variables: Hospital competition, income and busi-

ness cycles

Step 2: Model Re-

specification

® Due to incorporate proportions of the population from
all age groups, a perfect collinearity issue that prevented
the estimation of the linear regression model.

® The

Dominquez’s metho

nonlinear specification based on Fair and

d*® is used to deal with the perfect

collinearity.

® Fair and Dominquez’s method*’

was utilized to perform
the linear and quadratic transformation of age distribution.

® The delta method to compute the standard errors of
shares of population, facilitating the establishment of 95%

confidence intervals for the estimated coefficients.

Step 3: Model

Specification Tests

® The break-point unit root test proposed by Perron®? is

used to test for the stationarity of the time series.

® ADF statistics and p values are generated by Perron’s
method.*?

® Mixed orders of time series are found (ie, I(l) or 1(0)).

Step 4: Estimation

® ARDL model selection procedure introduced by Pesaran

® The modified F-statistics is denoted as Fpss.

Process and his colleagues** was used to generate the modified ® Two pivotal bounds, the upper (I(I)) and lower (I(0))

F-statistics. bounds, are obtained from Pesaran et al**

® The recommended bound testing procedure is used to | ® Reject Hp: No cointegration (ie, No long-run relationship),
test for Ho. No cointegration (ie, No long-run if Fpss >I(I) bound.

relationship). ® The goodness-of-fit for the residuals is evaluated through

® Estimated coefficients of the share of total population at testing for residual auto-correlation, heteroskedasticity, and
each specific age groups are retrieved by Fair and normality.

Dominquez’s method.* ® The adjustment parameter, with a significantly negative
value, indicates the stability in the dynamic healthcare
system.

Results

Panel A of Table 2 provides descriptive statistics for all variables used in estimating the TVP-VAR model. As depicted in

Panel A, the average 14-day readmission rates were approximately 1.276%, 1.704%, and 1.427% in medical centers,
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Table 2 Descriptive Statistics and Parameter Stability Tests for the TVP-VAR Model

A. Descriptive Statistics

Variables Description Mean SD Min Max
RADM< Unplanned readmission rate within 14 days after discharge at medical 1.276 0.213 0.710 1.730
centers (%)
RADRH Unplanned readmission rate within |4 days after discharge at regional 1.704 0.173 1.230 2.080
hospitals (%)
RADPH Unplanned readmission rate within 14 days after discharge at district 1.427 0.369 0.720 2.860
hospitals (%)
PNRMC Average Patient-to-nurse ratio at acute care wards of medical centers 7.508 0.418 5.943 8314
PNRRH Average Patient-to-nurse ratio at acute care wards of regional hospitals 9.217 0.388 7.649 10.007
PNRPH Average Patient-to-nurse ratio at acute care wards of district hospitals 7.400 0.273 6.649 7.880
Los™e Average length of stay per admission at medical centers 8.653 0.294 8.020 9.280
LOSRH Average length of stay per admission at regional hospitals 9.264 0.320 8.570 9.980
LosPH Average length of stay per admission at district hospitals 14.011 0.955 12.010 15.380
SRADM® RADME + standard deviation of RAD™® 6.000 | 1.000 3.340 8.138
SRADRH RADR + standard deviation of RADR" 9.846 | 1.000 7.105 12.016
SRADPH RADP" + standard deviation of RADP" 3.863 | 1.000 1.950 7.744
SPNR™C PNR™C + standard deviation of PNR™® 17.962 | 1.000 14.218 19.889
SPNRR PNR®* + standard deviation of PNR®" 23.784 | 1.000 19.739 25.823
SPNRPH PNRPH + standard deviation of PNRP" 27.061 | 1.000 24315 28816
sLos™e LOS™C + standard deviation of LOS™® 29.467 | 1.000 27310 31.600
SLOS® LOS®"+ standard deviation of LOS®" 28.909 | 1.000 26.745 31.145
SLOS®H LOSP" + standard deviation of LOS®" 14.673 | 1.000 12.577 16.106

B. Break-Point Unit Root Test

Variables De-mean Break De-trend Break Variables De-mean Break De-trend Break
SRADMC —4.500%+* 2021M02 —5.989*%+ | 2021M03 SPNRPH —4.322%% | 2016M02 —5.349%wk 2021M03
SRADRH —3.483* 2016M12 —4.655% | 2020M08 SLOS™ME | —11.180%% | 2020M06 | —I1.181%** 2021MOl
SRADPH —4.67 5%+ 2016M10 —4.702%¢ | 2020M10 SLOSRH —5.660*%% | 2018M12 —7.470%+k 2019M08
SPNRMC —3.244* 2022M02 —5.076*%% | 2021M03 sLosPH —4.660%* | 2018MI12 —5.798*#* 2017M08
SPNRRH —3.551%* 2021MOl —6.389*% | 2021MOI

C. Parameter Stability Tests for VAR System

Stability Tests Medical Centers Regional Hospitals District Hospitals
SRADM® SPNR™“ SLOS™® | SRAD®" | SPNR*" SLOS® | SRADH SPNR sLos®H
Sup-F 8.285%** 6.952%%% 3.993* 2415 6.613%% 13.984%+* 3.930% 3.788* 9.730%%
p value <0.01 <0.01 0.06 041 <0.01 <0.01 0.06 0.07 <0.01
(Continued)
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Table 2 (Continued).

Fisher XZ 4].834%F* 58.705%* 36.706%**
10% Critical Value 5% Critical Value 1% Critical Value
Cv 11.796 13.687 17.832

Notes: The whole sample period spanned from January 2015 to March 2023, generating a total of 99 monthly observations. Lags were selected by 10% significance level for
the break-point unit root tests. TVP-VAR model was estimated by Bayesian Markov Chain Monte Carlo method with 10,000 repetitions, and one lag was selected by the
Schwarz Information Criterion. The p values for the Sup-F were calculated based on Hansen’ method.>® Fisher 2 statistics were computed by the Fisher method and the
critical values were generated by adjusted the mean false discovery rate.****fand *** represent 10%, 5% and 1% significance levels, respectively.

regional hospitals, and district hospitals, respectively. The mean PNR (ie, the average number of patients cared for by one
nurse per shift) was approximately 7.508, 9.217, and 7.400 in medical centers, regional hospitals, and district hospitals,
respectively. These results show that, on average, the number of patients that a nurse cares for during a shift varies within
the range of 7.400 to 9.217. The length of stay per admission was 8.653, 9.264, and 14.011 days in medical centers,
regional hospitals, and district hospitals, respectively. To ensure the comparability of our TV-IRA across different types
of hospitals, standardized data were used to estimate the TVP-VAR model. Panel B of Table 2 presents the results of the
break-point unit root test.’* As illustrated in Panel B, regardless of the chosen de-mean or de-trend specification, the null
hypotheses of unit root time series were rejected, confirming the stationarity of the time series for all variables used in
estimating the TVP-VAR model. The parameter stability tests, assessing the null hypothesis of a time-invariant parameter
vector autoregressive model (hereafter, TIP-VAR) against the TVP-VAR model, are outlined in Panel C of Table 2. The
Sup-F statistics proposed by Hansen’® yield p-values below the 10% significance level in eight out of nine equations
within the three vector autoregressive systems for medical centers, regional hospitals, and district hospitals. Employing
the Fisher y° method to obtain an aggregate Sup-F statistic>® for the entire vector autoregressive system in medical
centers, regional hospitals, and district hospitals resulted in values of 41.834, 58.705, and 36.706, respectively. These
generated x° values surpass the 1% critical value. Consequently, the null hypothesis of parameter stability in the vector
autoregressive system was robustly rejected, validating the use of the TVP-VAR model for evaluating the responses of
14-day readmission rates to changes in nurse staffing levels in acute wards across various types of hospitals. The time
plots illustrating all variables described in Table 2 are presented in Figure S1 in the Supplementary.

The propagation mechanisms illustrating the impact of nurse staffing on inpatient care quality over the time scales of
1-12 months during our study period for medical centers, regional hospitals, and district hospitals are depicted in
Figures 1 A—C, respectively. As evident in these figures, the cumulative impulse responses of 14-day readmission rates to
an increase in the PNR from the 3-month to 12-month time scales were consistently positive for all types of hospitals.
These results suggest that a higher burden on nurses caring for patients is associated with poorer inpatient care quality,
indicated by higher 14-day readmission rates. Given that Taiwan’s hospital nurse staffing policy aims to reduce PNRs to
enhance inpatient care quality, the observed propagation mechanisms simulate the effectiveness of hospitals’ nurse
staffing policy over different time scales. Specifically, they indicate the potential positive impact on inpatient care quality
if a lower PNR was imposed at all time scales during our study period. It is crucial to note that the impact of the nurse
staffing policy is most pronounced in regional hospitals, followed by medical centers, and is least significant in district
hospitals, particularly at time scales of 6 months and above during our study period. In addition, the gaps in the response
of inpatient care quality to a change in PNR reduced with increasing time scales, specifically from 3 months to 6 months,
from 6 months to 9 months, and from 9 months to 12 months for all types of hospitals. These findings suggest that the
effectiveness of hospitals’ nurse staffing policy diminishes over time. Furthermore, notable downward trends in the
responses of inpatient care quality to a change in PNR were observed in medical centers and district hospitals. In contrast,
the responses of inpatient care quality to a change in PNR in regional hospitals remained relatively stable throughout the
study period from January 2015 to March 2023.

Panel A of Table 3 provides descriptive statistics for all variables used in estimating the ARDL model. As illustrated
in Panel A, the means of the cumulative response of the 14-day readmission rate to a standardized deviation change in
PNR in acute care wards within a 12-month timespan are 0.321, 0.626, and 0.288 for medical centers, regional hospitals,

Risk Management and Healthcare Policy 2024:17 hetps: 1731

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=468178.pdf
https://www.dovepress.com
https://www.dovepress.com

Lai et al Dove

0.28 \
0.24 K&
0.20
0.16
2015 2016 2017 2018 2019 2020 2021 2022 2023
e CNR(03M)_MC CNR(06M)_MC === CNR(09M)_MC === CNR(12M)_MC
B
0.70
—— —~ e _—
060 - —
. — T S \ \
S~ 7 -
0.50 —
0.40
0.30

0.20 —_— \—\

2015 2016 2017 2018 2019 2020 2021 2022 2023

= CNR(03M)_RH CNR(06M)_RH === CNR(09M)_RH === CNR(12M)_RH
C
0.36
-~
032 e T S - N

0.28 \\

0.24 “\\

0.20 ES
0.16

0.12

0.08

2015 2016 2017 2018 2019 2020 2021 2022 2023

e CNR(03M)_DH CNR(06M)_DH == CNR(09M)_DH == CNR(12M)_DH

Figure | Time plots for the cumulative response of the 14-day readmission rate to a standard deviation change in the patient-to-nurse ratio at acute care wards within a |2-
month timespan.

Notes: Sub-figures (A—C) illustrate the cumulative response of the 14-day readmission rate to a standard deviation change in the patient-to-nurse ratio at acute care wards
within a 12-month timespan for medical centers, regional hospitals and district hospitals, respectively.
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Table 3 Descriptive Statistics and Co-Integration Tests for ARDL Model
A. Descriptive Statistics
Variables | Descriptive Mean SD Min Max
CNRME | Cumulative response of medical center 4-day readmission rate to 0.321 0.046 0.232 0.376
a standardized unit change of patient-to-nurse ratio at acute care wards within
a |12-month period.
CNRRH Cumulative response of regional hospital 14-day readmission rate to 0.626 0.038 0.558 0.671
a standardized unit change of patient-to-nurse ratio at acute care wards within
a 12-month period.
CNRP" | Cumulative response of district hospital 14-day readmission rate to 0.288 0.045 0.208 0.333
a standardized unit change of patient-to-nurse ratio at acute care wards within
a 12-month period.
Age | The share of total population in children group (age <I5) (%) 0.145 0.005 0.137 0.156
Age 2 The share of total population aged 15-24 years old (%). 0.116 0.009 0.098 0.128
Age 3 The share of total population aged 25-34 years old (%). 0.135 0.005 0.130 0.147
Age 4 The share of total population aged 35—44 years old (%). 0.161 0.003 0.154 0.164
Age 5 The share of total population aged 45-54 years old (%). 0.153 0.002 0.149 0.157
Age 6 The share of total population aged 55-64 years old (%). 0.143 0.004 0.134 0.149
Age 7 The share of total population in the elderly group (age 265) (%) 0.146 0.017 0.120 0.176
zl Linear transformation of age distribution —4.521 0.360 —5.140 -3913
z2 Quadratic transformation of age distribution —17.714 1.825 —20.811 —14.616
ICEM® Inpatient care expenditure per diem at medical centers (Constant at 201 | price | 11,286.70 | 864.48 9911.75 12,955.31
level, NT$)
ICERH Inpatient care expenditure per diem at regional hospitals (Constant at 201 | 7,171.47 489.65 6405.33 8361.46
price level, NT$)
ICEPH Inpatient care expenditure per diem at district hospitals (Constant at 201 | 4,075.67 358.60 3574.35 4904.48
price level, NT$)
INC Average monthly regular earnings of healthcare sector (Constant at 201 | price | 56,557.25 | 1,078.34 53,905.85 | 58,739.11
level, NT$)
CLI Composite leading indicator index used to measure business cycles 84.087 9.364 71.550 99.840
B. Break-Point Unit Root Test
Variables | De-mean De-mean De-trend De-trend Variables De-mean De-mean De-trend De-trend
Level I*° Diff Level I** Diff Level I*° Diff Level 1*¢ Diff
CNR™® | —2.420 -3.314% -5.561% | —4387% | In(ICE™®) ~3.801%* —13.356%%% | —5.648%k% | —8 246w
Break 2019M02 2022M02 2020MO1 2020M07 Break 2020M12 2015M11 2019M12 | 20I9MI |
CNRRM | —3.730% | —3.758% | —6.828*% | —5257% | In(ICE®") —4.985%+* —10.926%%% | —4330%k% | —]0.573%*
Break 2016MOI 2016M02 2020M02 2016M02 Break 2018M03 202IM10 2018M03 | 2017M07
CNRP™ | —3.501% | -2.147 —4.738%* -3.410% In(ICEP™) —4.376%+% —4.878%% | —6.671Fkx | —| 2374k
Break 2020M07 2019M02 2020M04 2020M03 Break 2022M02 2015M10 2021M02 | 2017M06
(Continued)
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Table 3 (Continued).

zl —3.860%* —7.376%F | —4.181** —7.704%%* In(INC) —3.987%* —9.737%%% | —4753%FF | —6.987FF*
Break 2020M04 2019M07 2022M05 2022M02 Break 2018MI 1 2015M10 2018M06 2019M12
72 —4ASTHE | —6.647FFF | -5 [46%FF —6.7 0% In(CLI) —2.760 —4.694%%F | —5.890%FF | 7273k
Break 2022M04 2018M07 2021M09 2022M02 Break 2022M05 2020M10 2020M08 2020M04

C. ARDL Cointegration Tests

Model Specification ARDL Fpss SC HET BJ Sign 1(0) I(1)
(p value) (p value) (p value) Levels

CNR™|z1,22,In(ICE™),In(INC),In(CLI) | (5,0,0,0,0,0) | 4.788%* 0.938 1.249 0.319 10% 2,080 | 3.000
(0.40) (027) (0.85)

CNR™|z1,22,In(ICE?H),In(INC),In(CLl) | (4,0,0,1,1,2) | 4.901%¥* 1.363 0.836 1.987 5% 2.390 | 3.380
(0.26) (0.62) (0.37)

CNRP|z1,22,In(ICEPM),In(INC),In(CLI) | (3,0,1,0,1,0) | 3.668%* 0215 1.502 3.313 1% 3.060 | 4.150
(0.81) (0.15) (0.19)

Notes: Lags were selected by the Hannan-Quinn criterion (HQ) to estimate the ARDL models with maximal 6 lags, and constant was included in the cointegrating equation.
SC, HET, and BJ denote testing statistics for tests of residuals correlation, heteroskedasticity, and normality, respectively. Fpss denotes the F statistics testing the null
hypothesis of no cointegrating relationship. ***and *** represent 10%, 5% and 1% significance levels, respectively. I(0) and I(I) are the stationary and non-stationary bounds,
respectively.

and district hospitals, respectively. These results indicate that, on average, a reduction of 0.321, 0.626, and 0.288 standard
deviations in the 14-day readmission rate over a 12-month period for medical centers, regional hospitals, and district
hospitals, respectively, can be anticipated with a corresponding reduction of one standard deviation in the PNR. The
average shares of the population across seven age-specific groups during our observed period ranged from 11.6% (aged
15-24) to 16.1% (aged 35—44). The means of linear and quadratic transformations of age distribution were —4.521 and
—17.714, respectively. Real inpatient care reimbursement payments per diem were approximately NTD 11,287, NTD
7,171, and NTD 4,076 for medical centers, regional hospitals, and district hospitals, respectively. The average real
monthly regular earnings in the healthcare industry are around NTD 56,557, and the mean score of the composite leading
indicator index is 84.087. The time plots illustrating all variables except for the effectiveness of hospitals’ nurse staffing
policy described above are presented in Figure S2 in the Supplementary.

Panel B of Table 3 presents the results of the break-point unit root test. As illustrated, the cumulative response of the 14-
day readmission rate to a standard deviation change in PNR at district hospitals and the composite leading indicator index is
identified as a non-stationary (stationary) series when the de-mean (de-trend) specification is used to generate the testing
statistics. Nevertheless, the first difference in these time series is found to be stationary, regardless of the chosen de-mean or
de-trend specification for generating testing statistics, suggesting that these variables belong to the first-order stationary (I
(1)) time series. Furthermore, irrespective of the chosen de-mean or de-trend specification, the null hypotheses of unit root
time series are rejected for real inpatient care reimbursement payments per diem at all types of hospitals, linear and
quadratic transformations of age distribution, average real monthly regular earnings in the healthcare industry, and the
cumulative response of the 14-day readmission rate to a standard deviation change in PNR at medical centers and regional
hospitals. Similar results rejecting the null hypothesis of the unit root were obtained when testing the differences in these
time series for the unit root property. This confirmation suggests that these time series exhibit level stationary characteristics
(I(1)). Hence, some of the variables employed for estimating the ARDL model exhibit level stationary characteristics (I(0)),
while others fall into the first-order difference stationary category (I(1)). It is worth noting that the ARDL cointegration
methodology can accommodate both I(0) and I(1) time series to test for long-run (ie, cointegrating) relationships.**
Consequently, we proceed with our cointegration analyses under the ARDL model.
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Panel C of Table 3 indicates that our ARDL specifications satisfy the assumptions of goodness-of-fit, including
independence, homogeneity, and normality in the residuals. Additionally, the upper and lower bounds of critical values

1** by setting the number of explanatory variables to six .

for the cointegration relationship were derived from Pesaran et a
As indicated in Panel C of Table 2, the Fpgg statistics used to test the null hypothesis of no cointegration against
cointegrating (ie, long-run) relationships among inpatient care reimbursement payments per diem, linear and quadratic
transformations of age distribution, average real monthly regular earnings in the healthcare industry, the composite
leading indicator index, and the cumulative response of the 14-day readmission rate to a standard deviation change in the
PNR at medical centers, regional hospitals, and district hospitals are 4.788, 4.901, and 3.668, respectively. These values
exceed the upper bounds of critical values at the 5% (or more rigorous) significance level, strongly confirming the
presence of cointegrating (ie, long-run) relationships among the examined time series.

Table 4 reports the ARDL estimates along with the respective estimated long-run coefficients and the effects of demographic
changes on the effectiveness of hospitals’ nurse staffing policy (measured by the cumulative response of the 14-day readmission
rate to a standard deviation change in PNR) retrieved using Fair and Dominguez’s methods.*’ As illustrated in Table 4, the

Table 4 Effects of Demographical Transitions on Effectiveness of Nurse Staffing Policy

Medical Centers Regional Hospitals District Hospitals
Variables Coeff T value | Variables Coeff T value | Variables Coeff T value
CNRMG -0.017 | —3.34% | CNRRY -0.019 | —4.88% | CNRP! —0.014 | —4.18%
Z)e 0.130 351FF |z, 0.148 2.59% |z, 0.047 1.35
Zye —0.026 | —3.50%%F | z,, —0.029 | —257% | z,, —0.009 -1.33
In(ICE™), -0.003 -1.30 | In(ICER"),, -0.012 | —3.02% | In(ICE), —0.006 | —2.67%
In(INC), —0.003 =111 | In(INC), —0.007 —1.52 | In(INC),, —0.001 —0.21
In(CLI), —0.005 | —2.71*%% | In(CLI),, —0.008 | —2.36** | In(CLI), —0.004 —1.64
Constant 0.219 3.86%%* | Constant 0.392 3.68%% | Constant 0.130 2.48%*
ACNRM¢ 1.826 | 17.77%% | ACNRRH 1.521 | 14.01%% | ACNRPH 1.309 | 14.58***
ACNRMS —1.514 | —7.56** | ACNR} —0.853 | —4.80%* | ACNRPY —0.403 | —4.26%*
ACNRMS 0.765 3.85%% | ACNRR 0.219 2.13% | Azy, —0.001 -0.14
ACNRMC —0.192 | —1.97*% | Aln(ICER"), -0.005 | —1.68* | Aln(ICERY), 0.011 2.00%*

AIn(INC), 0.015 2.25%F

Aln(CLI), =0.112 | —3.21%*

Aln(CLI),., 0.106 3.0
R? 95.39% R? 97.57% R? 96.00%
Adj-R? 95.18% Adj-R? 97.18% Adj-R? 95.52%

Long-run Coefficients
Variables Coeff | T value | Variables Coeff | T value | Variables Coeff | T value
Zpe 7.731 3.76%% |z, 7.641 3.28%F | 7). 3.293 1.49
Zy —1.524 | —3.81*%% | z,, —1.479 | —3.24% | 7, —0.638 —-1.46
In(ICE), —0.164 —1.43 | In(ICE), —0.628 | —3.68%* | In(ICE), —0.398 | —2.96%**
(Continued)
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Table 4 (Continued).

Medical Centers Regional Hospitals District Hospitals

In(INC), —0.176 —1.03 | In(INC), —0.365 —=1.50 | In(INC), —0.051 —-0.21
In(CLlI), —0.293 | —2.00%* | In(CLI), —0.389 | —2.61** | In(CLI), —0.305 —1.80%
Constant 13.023 3.52%% | Constant 20.254 5.10%% | Constant 9.057 | 2.72%%*

Error Correction Coefficients

Coeff T value Coeff T value Coeff T value

Adjusted Coeff | —0.017 | —6.00%%* —0.019 | —6.07+* —0.014 | —5.25%*

Age Distribution Coefficients

Age Coeff | T value | Age Coeff | T value | Age Coeff | T value
Age | (<15) 5.759 3.99%F | Age | (<I5) 5.183 3.05% | Age | (<I5) 2237 1.35
Age 2 (15-24) 8919 3.89%% | Age 2 (15-24) 8.386 3.16%% | Age 2 (15-24) 3617 1.42
Age 3 (25-34) 9.031 3.85%% | Age 3 (25-34) 8.630 3.20%% | Age 3 (25-34) 3.722 1.44
Age 4 (35-44) 6.095 3.81% | Age 4 (35—44) 5917 | 3.24%% | Age 4 (35-44) 2.551 1.46
Age 5 (45-54) 0.112 |.74% | Age 5 (45-54) 0.245 3.93% | Age 5 (45-54) 0.105 |.89%
Age 6 (55-64) —8919 | —3.89%* | Age 6 (55-64) | —8.386 | —3.16% | Age 6 (55-64) | —3.617 —1.42
Age 7 (>64) —20.998 | —3.86% | Age 7 (>64) —19.974 | —3.19%* | Age 7 (>64) —8.614 —1.43

Notes: *, ** and *** represent 10%, 5% and 1% significance levels, respectively. t values for the long-run coefficients and age distribution
coefficients were computed by delta method.

estimated coefficients for the adjustment parameters are significantly negative across the three types of hospitals, indicating that
the ARDL models used to investigate cointegrating (ie, long-run) relationships among the examined variables are stably dynamic
systems. Furthermore, R? (adjusted R?) ranges from 95.39% to 97.57% (95.18% to 97.18%) were obtained across three types of
hospitals, and all model specification tests for the null hypotheses of independence, homogeneity, and normality in residuals were
not rejected (reported in Panel C of Table 3). These results collectively suggest a high level of goodness-of-fit for the data from the
ARDL models. Furthermore, we found that the linear and quadratic transformations of age distribution are significantly associated
with the effectiveness of hospitals’ nurse staffing policy at medical centers and regional hospitals, whereas this association is
insignificant at district hospitals. Inpatient care reimbursement payments per diem are negatively associated with the effectiveness
of hospitals’ nurse staffing policy at regional and district hospitals and have no significant impact at medical centers. Real monthly
regular earnings in the healthcare industry generate no significant effect on the effectiveness of hospitals’ nurse staffing policy, but
business cycles negatively impact the effectiveness of hospitals’ nurse staffing policy at all types of hospitals. The estimated
coefficients for the shares of the population are only significant for the share of the population aged 45-54 at district hospitals, but
the shares of the population in all age-specific groups have significant impacts on the effectiveness of hospitals’ nurse staffing
policy at medical centers and regional hospitals.

Figures 2A—C further illustrate downward trends in the effect of age distribution on the effectiveness of hospitals’
nurse staffing policy. Specifically, the shares of the population belonging to the two older age groups (the elderly (age >
65) and those aged 55-64) have negative effects on the effectiveness of hospitals’ nurse staffing policy at medical centers
and regional hospitals, while the shares of the population in the other five younger groups are positively correlated with
the effectiveness of hospitals’ nurse staffing policy at medical centers and regional hospitals. The downward trend of the
effect of age distribution on the effectiveness of hospitals’ nurse staffing policy at district hospitals is found to be
insignificant.
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Figure 2 Association between demographic structural change and effectiveness of hospital nurse staffing policy.
Notes: Sub-figures (A-C) illustrate the relationship between demographic structural change and effectiveness of hospital nurse staffing policy at medical centers, regional

hospitals and district hospitals, respectively.
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Discussion

Key Results & Policy Implications

The research aim to investigate the relationship between demographic structural changes and the effectiveness of hospital
nurse staffing policy. Evidence from Figures 1, 2 and Table 4 indicate a positive association between PNR and 14-day
readmission rate across various types of hospitals. Nevertheless, the effectiveness of hospitals’ nurse staffing policy is
observed to diminish with population aging, particularly evident in medical centers and regional hospitals. Several policy
implications generated from our results merit attention. First, it is noteworthy that the TV-IRA reveals a positive
relationship between PNR and the 14-day readmission rate across the three types of hospitals (see Figures 1A—C).
These findings suggest that a lower PNR is associated with higher inpatient care quality. Notably, these results not only
justify the intention of the nurse staffing policy set by the Taiwan government to improve inpatient care quality through
reducing the PNR, but they also align with those from previous studies investigating the association between nurse
staffing and healthcare quality.'*'® 2022222747

Second, considering the significant and positive effects of the shares of the population in the childhood (age < 15) and
four major working age groups (ie, aged 15-24, aged 25-34, aged 35-44, and aged 45-54 groups) on the effectiveness of
hospitals’ nurse staffing policy (measured by the cumulative response of the 14-day readmission rate to a standard
deviation change in PNR) at medical centers and regional hospitals, one may anticipate that the hospital nurse staffing
policy (aiming to enhance inpatient care quality by reducing PNR) would be more effective at these hospitals when the
proportions of children and those belonging to the major working age groups expand. Nevertheless, the shares of the
population belonging to the two older age groups (55-64 and the elderly (age > 65)) yield significantly negative effects
on the effectiveness of hospitals’ nurse staffing policy, suggesting that the hospital nurse staffing policy would be less
effective when the share of those aged 55 years or above increases. These findings diverge from prior research examining
the influence of structural age transitions on responses to hospital outpatient copayments. Previous investigations have
suggested that population aging enhances the effectiveness of hospital outpatient copayment policies. For instance, Lin
et al’® posit that population aging strengthens the effectiveness of outpatient copayment policies in Taiwan due to
heightened price sensitivity among the elderly, who tend to utilize outpatient care services a substantial amount. In
contrast, it is anticipated that population aging may attenuate the impact of nurse staffing policies. This expectation arises
from the premise that an aging population creates increased demand for inpatient care services, thereby necessitating
higher levels of nurse staffing in hospitals.

Third, the impact of population aging on diminishing the effectiveness of hospitals’ nurse staffing policy exhibits
greater significance in medical centers and regional hospitals compared to district hospitals, as depicted in Figures 2A—C.
This discrepancy can be attributed to the specialized roles of regional hospitals and medical centers, catering to tertiary
care and handling complex illnesses, respectively.”’**’ Consequently, a substantial proportion, approximately 79%, of
inpatient care services are delivered by medical centers and regional hospitals, which also employ around 32% of the
entire nursing workforce.” This discernible effect of population aging on the effectiveness of healthcare policies is
further corroborated in the context of copayment policies for emergency department visits within medical centers.>
Accordingly, targeted strategic interventions encompassing elements such as ensuring safety in practice, fostering mutual
respect, providing adequate facilities, offering necessary support, facilitating continuing education, ensuring an ample
supply of resources, maintaining appropriate staffing levels, and ensuring fair remuneration are imperative.’® These
interventions should be specifically directed towards medical centers and regional hospitals to effectively address and
mitigate the challenges arising from population aging, thereby enhancing effectiveness of hospitals’ nurse staffing policy.

Further Reflection for Policy Implications

It is important to address that our Discussion on the above policy implications should further reflect on the clinical settings of
nurse staffing policy and the sensitivity of patient outcome measures. The former should be rooted in well-established
evidence on the optimal safe nurse staffing levels per care setting, striking the golden balance between cost-effectiveness and
cost-efficiency and satisfying many key decision-makers such as nurses, healthcare institution stakeholders, patients, and
caregivers.®'**>"%® The exclusion of these key decision-makers from nursing workforce policymaking is likely the main
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reason why the nursing shortage in clinical settings continues to worsen,””® despite the implementation of many targeted
strategic interventions based on hospital nurse staffing literature.'>!8 2022232747 R eoarding the sensitivity of patient outcome
measures, it is recognized that utilizing the 14-day readmission rate as a gauge of inpatient care quality would be intricate due
to its susceptibility to various patient characteristics. Factors such as the severity of illness, chronicity of the underlying
condition, comorbidity levels, and the extent of social support significantly influence the likelihood of readmission.*

Given that individuals aged 55 years or older are prone to experiencing multiple health issues, thereby increasing the
likelihood of readmission, merely increasing the number of nurses for this population may not substantially decrease their
readmission rates. Moreover, while individuals in these age groups may frequently seek medical care at medical centers
and regional hospitals for managing chronic conditions,> they are most likely to be readmitted to district hospitals nearer
to their residences when necessary. Hence, it is essential to consider a potential caveat in our discussion: population aging
may diminish the effectiveness of nurse staffing policies.

Economic Incentives & Business Cycles

The inpatient care reimbursement payments per diem serve as a metric for hospital competition within Taiwan’s healthcare
system, which operates under the NHI program. This system utilizes a global budgeting payment scheme to reimburse
hospitals for their services.”” Notably, the total number of hospitals fluctuated between 480 and 494, while the total number
of medical centers remained constant at 19 throughout the study period.>® Since each type of hospitals competes for its own
share of the healthcare budget, this observation implies that competition among medical centers is considerably lower than
that among regional and district hospitals. Consequently, the observed negative correlation between the inpatient care
reimbursement payments per diem and the effectiveness of hospitals’ nurse staffing policy at regional and district hospitals
indicates that heightened competition under the global budgeting payment scheme is likely to undermine the effectiveness
of hospitals’ nurse staffing policy. Additionally, it is important to address the fact that the income level of healthcare
workers, as measured by real monthly regular earnings in the healthcare industry, does not exert any discernible impact on
the effectiveness of hospitals’ nurse staffing policy across all types of hospitals, as evidenced by the results presented in
Table 4. Therefore, in the realm of policy instrument choices that significantly influence the effectiveness of hospitals’ nurse
staffing policy, priority should be accorded to instruments that shape hospital behavior, such as augmenting reimbursement
payments based on PNR, as opposed to individual economic incentives for nurses seeking employment at hospitals.

The markedly negative effects of business cycles (measured using the composite leading indicator) on the effective-
ness of hospitals’ nurse staffing policy, as identified in Table 4, suggest that periods of economic prosperity are likely to
undermine the effectiveness of hospitals’ nurse staffing policy. This negative association emanates from both the supply
side of nurses and the demand side of healthcare services. On the supply side, during economic booms, there is an
elevated likelihood of nursing staff transitioning to alternative professions.® On the demand side, previous studies
examining the relationship between business cycles and health conditions indicate that better economic conditions are

correlated with poorer health conditions and an increased demand for healthcare services.**-**°’

Limitations of Study

It is imperative to delineate several research limitations to ensure comprehensive understanding of this study. The primary
limitation inherent in our investigation pertains to the time-series methodology employed to examine the impact of demo-
graphic changes on the effectiveness of hospitals’ nurse staffing policy for inpatient care. It is crucial to acknowledge that the
age distribution and inpatient care quality utilized in our analyses are based on aggregated data. Consequently, the empirical
results derived from our models should not be extrapolated to individual behavior changes at specific ages in response to PNR
adjustments in hospitals, in order to mitigate the risk of ecological fallacies.’® Second, despite the frequent use of the 14-day

readmission rate as an indicator of inpatient care quality,’*>*¢

it is important to recognize that the likelihood of 14-day
readmission may be particularly sensitive within the older population, who are more likely to experience severe illness,
multiple chronic conditions, and pronounced comorbidity levels.*® Consequently, we have advocated for prudence in our
discussion regarding the interplay between demographic structural changes and the effectiveness of nurse staffing policy for

inpatient care.
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Thirdly, beyond demographic changes, numerous factors such as the physical and mental health status of nursing
staff, working environment conditions, job-seeking behaviors or preferences and cost of inpatient care quality can
influence the effectiveness of hospitals’ nurse staffing policy. Nevertheless, the time-series data for these variables are not
available in the research databases in Taiwan, posing a constraint on the scope of this study. Fourth, similar to other
studies in nursing workforce research, this study lacks the capacity to explore the concurrent dynamics of nurse staffing,
quality of care, and costs across a continuum of change that determines the optimal safe nurse staffing level. Recent
investigations conducted by Park et al have adopted Park’s sweet spot theory-driven Artificial Intelligence Algorithm to
model the optimal safe nurse staffing zone, which aims to mitigate the limitations of traditional nursing workforce
research.>!*?37-5% This research paradigm, by emphasizing patient outcomes or care quality alongside cost considera-
tions, addresses the shortcomings that have hindered the effective implementation of knowledge into practice and policy.

Directions for Future Research
Based on the aforementioned discussions, it is recommended that future research endeavors focus on two main aspects.

First, the application of Park’s sweet spot theory-driven Artificial Intelligence Algorithm®®3%37->8

should be employed to
explore the dynamic interactions among nurse staffing, quality of care, and costs across a continuum of change within
Taiwan’s healthcare system. Second, collecting individual-level data is essential to examine the intricate interactions
among hospitals’ managerial actions affecting the quality of care, nurses’ decisions regarding employment at hospitals

and patient outcomes in response to nurse staffing policies within Taiwan’s healthcare system.

Conclusion

The primary goal of the hospital nurse staffing policy in Taiwan is to enhance inpatient care quality by increasing the
nursing staff level in hospitals. Nevertheless, Taiwan’s healthcare system is confronted with significant challenges due to
the rapid aging of the population and a sustained decline in birth rates. This dual challenge results in an increasing
demand for healthcare services along with a reduction in the nursing workforce, potentially impacting the effectiveness
of hospitals’ nurse staffing policy. In response to these challenges, this study pioneers the use of TVP-VAR and ARDL
models to investigate the impact of demographic changes on the effectiveness of hospitals’ nurse staffing policy in
Taiwan. The time-varying impulse responses from the TVP-VAR model demonstrate a significantly positive association
between PNR and 14-day readmission rate across diverse hospital sizes, encompassing medical centers, regional
hospitals, and district hospitals. The ARDL model establishes long-term relationships among the effectiveness of
hospitals’ nurse staffing policy (quantified by the cumulative response of inpatient care quality to adjustments in nurse
staffing levels), age distribution, hospital competition, health worker income, and business cycles across all types of
hospitals. An essential finding regarding these long-run relationships is the observed diminishing effectiveness of
hospitals’ nurse staffing policy with population aging, particularly evident in medical centers and regional hospitals.
To achieve the targeted objective of the hospital nurse staffing policy, aimed at improving inpatient care quality by
reducing the PNR, it is strongly recommended, especially in an aging society, to institute mandated PNR in medical
centers and regional hospitals that are significantly lower than those determined without considerations for demographic
structural changes.
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