Journal of Business and Economic Management 10(4): 072-083, July 2022
DOI: 10.15413/jbem.2022.0103
ISSN 2315-7755
©2022 Academia Publishing

Research Paper
Effects of nurse-to-patient ratios, hospital management, and health-care quality
indicators in Taiwan
Accepted 28th April 2022
ABSTRACT
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Due to the COVID-19 pandemic, nurse manpower has become a global concern.
The shortage of nurses in Taiwan has increased annually, causing immense
economic losses. High patient-to-nurse ratios lead to high nurse turnover rates,
increase the cost of personnel training and reduce the quality of patient care, and
they increase hospital operation costs and increase the number of patients staying
in the hospital. The data regarding nurse-to-patient ratios used in this study were
publicly available data from the Ministry of Health and Welfare regarding average
daily nurse-to-patient ratios. This study conducted analyses on 118 public
hospitals in Taiwan in 2019 and 2020, and the obtained data were analysed
statistically using SPSS 20.0 software. Regarding the samples from 2020, the
nurse-to-patient ratio was significantly positively correlated with the ratio of
emergency department revisits within 3 days after discharge and the bed growth
rate; furthermore, it was significantly negatively correlated with the ratio of
medical supply expenses, which is a predictor for hospital profit margins. Due to
the success of pandemic prevention measures in Taiwan, a decreasing trend
occurred in the annual average nurse-to-patient ratio in 2020, allowing nurses to
provide better quality health care and allowing advanced medical equipment to be
employed to improve the service quality of hospitals and increase their
operational performance.
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INTRODUCTION
After the outbreak of the COVID-19 pandemic, the quality of
the Taiwanese health-care system gained global
recognition. Moreover, Taiwan ranked highest on the
Health Care System Index of the database Numbeo in 2019
and 2020. This globally recognized health-care system is
supported by the contributions of health-care workers,
such as nurses, who are indispensable to its functioning.
However, Taiwan is facing a shortage of nurses, a challenge
shared by countries around the globe. The number of
available health-care services has increased with advances

in medical technology. In addition, the increasing acuity of
diseases due to population aging has complexified clinical
care and led to a higher demand for nurses. However, the
nurse shortage has continued to increase every year. Fan
(2021) indicated that on average, one in every four new
nurses resigns; the turnover rate of new nurses in medical
centers is higher than 22.5% and even approaches 29% in
regional hospitals, indicating that the turnover rate may
result from intolerance of the health-care environment. The
number of patients cared by nurses affects patient safety
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and should be flexible. Particularly, the number of nursing
hours allocated for patients with more severe diseases and
greater dependency should be elevated; that is, the patientto-nurse ratio should be decreased to ensure patient’s
safety and care quality, which also affects the workload and
retention of nurses. According to statistics from the
Ministry of Health and Welfare, as of November 2021, the
percentage of Taiwanese nurses practicing at that time was
only 63.5%; this indicates that approximately 60% of the
current licensed nurses in Taiwan are practitioners, which
suggests a much higher nurse-to-patient ratio in Taiwan
than those in European and North American countries. This
is likely due to declining birth-rates, complicated document
preparation for hospital evaluation, and an inadaptability to
the public’s high demands regarding health care
contributing to a low willingness for non-practicing nurses
to accept nursing jobs (Wamg et al., 2017).
In California in the United States, the world’s first
legislation regarding the nurse-to-patient ratio regulation
was passed. Aiken (2002) reported that, under the Patient
Safety and Quality Improvement Act of 2005, the nurse-topatient ratio in acute medical wards is limited to 1:5 based
on the understanding that, with every one-unit increase in
the nurse-to-patient ratio, the working conditions for
nurses deteriorate, the mortality risk for patients
potentially increases by 7%, the proportion of nurses with
physical and mental fatigue increases by 23%, and nurses’
job dissatisfaction increases by 10% (Aiken et al., 2013,
2014). In cost budgeting, nursing manpower is relatively
susceptible to cuts due to expenditure reduction producing
more immediate effects than long-term adjustments, such
as improving efficiency. In addition, a comparison (Aiken et
al., 2010) between California, which passed legislation
regarding the nurse-to-patient ratio, and New Jersey and
Pennsylvania, which did not pass such legislation, indicated
that the mortality rates in surgical patients in New Jersey
and Pennsylvania were 13.9% and 10.6% higher,
respectively, than that in California. The aforementioned
studies demonstrate that the nurse-to-patient ratio is an
essential indicator of patients’ mortality and safety and
therefore should be regulated. Accordingly, in 2014, the
Taiwan Health-care Reform Foundation, with reference to a
study by Aiken in 2014 at the University of Pennsylvania,
compared the results of the study with the average nurseto-patient ratio reported in a hospital evaluation conducted
in Taiwan in 2013. The comparison revealed that the ratio
in Taiwan was the highest in the world. Since the
implementation of the National Health Insurance system in
Taiwan, hospitals of different levels of care have reduced
nursing manpower out of consideration of operational
costs, which has resulted in inadequate nurse staffing, an
excess of patients requiring care, extended working hours,
high turnover rates among nurses, and a lower willingness

for nurses to pursue the profession.
To improve the nurse-to-patient ratio in hospitals, the
ratio was officially included as an item for hospital
evaluation in 2015. On February 1, 2019, the Ministry of
Health and Welfare revised Article 12-1 of the
Establishment Standards for Medical Institutions to
regulate the average daily allocation ratios for general
acute beds; a nurse-to-patient ratio was thus officially
legislated and put into practice on May 1 of that year.
Accordingly, the stipulated number of patients to be cared
by one nurse was fewer than 9 for medical centers, 12 for
regional hospitals, and 15 for district hospitals. As
observable in the case of California, legislation of strict,
mandatory nurse-to-patient ratios can result in lower
patient mortality rates and higher nurse retention rates and
may lead to improvements in nurse salaries, wellbeing, and
staffing (Aiken et al., 2010). These findings can serve as a
reference for improved fortification of Taiwan’s health-care
system. Numerous studies have revealed that legislation of
nurse-to-patient ratios allows for a reduction in nurse
workload, improvement in turnover rates, and
improvement in health-care quality, which reduces nurse
training costs and thereby decreases total and personnel
costs for hospitals. As reported by Aiken et al. (2010), the
nurse workload in California in 2006, 2 years after the
Patient Safety and Quality Improvement Act was enacted,
significantly decreased compared with that in hospitals in
New Jersey and Pennsylvania. Moreover, when a safe
nurse-to-patient ratio was achieved, the nurse turnover
rate decreased, which lowered training costs; the general
cost required to replace one nurse is US$42,000, and the
cost of replacing a specialist nurse is US$64,000. No
Californian hospitals experienced bankruptcy or clear
financial loss due to effects of the legislation regarding the
nurse-to-patient ratio; all Californian hospitals that closed
in the past few years cited their reasons for doing so as
operational considerations, such as mergers and
acquisitions, rather than the legislative act. In the United
States, hiring 133,000 nurses in acute care hospitals would
reduce patient care costs by approximately US$6.1 billion;
in the short-term, US$242 million could be saved by
improving nurse-to-patient ratios by increasing nurse
staffing and further meeting the standards of the top 25%
of hospitals in the country (Dall et al., 2009; Needleman et
al., 2006). In addition to reducing the overall medical costs
for hospitals, increasing nurse manpower in hospitals can
reduce patients’ readmissions or emergency department
revisits within 30 days after discharge (Weiss et al., 2011;
Price water house Coopers’ Health Research Institute,
2007).
However, with respect to the correlation of hospitals’
operational performance with health-care quality, whether
operational performance affects health-care quality or
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health-care quality affects operational performance has
been rarely studied. Moreover, the findings in literature on
the effects of operational performance on health-care
quality are divergent. From the perspective of efficiencyrelated indicators, Lee (2003) made a comparison between
Taiwan and countries in the Organization for Economic Cooperation and Development (OECD) and found that, in
hospitals in Taiwan, the overall input items (the number of
physicians and the number of beds) are lower than those in
other countries; however, the hospitals had considerably
high productivity, which led to average health-care quality
and high health-care satisfaction. Yu et al. (2007) examined
data on the actual input and output of large-scale hospitals
(medical centers, regional hospitals) in Taiwan in 2010; the
results of this study revealed that improvement of internal
management skills and scale expansion can effectively
improve the efficiency of health-care services in these
hospitals and thus elevate the quality of such services.
Weiss et al. (2011) pointed out that increasing the
hospital’s clinical nursing manpower and reducing the
overtime hours of nurses can not only reduce patients’ rehospitalization or emergency treatment within 30 days
after discharge, but also reduce overall medical costs.
However, no study has been conducted using health-care
quality indicators to examine the correlation between cases
from the Diagnosis-Related Group payment system in
Taiwan (Tw-DRG) and nurse-to-patient ratios. Three of the
monitoring indicators for the Taiwanese Diagnosis-Related
Group cases, namely the ratio of emergency department
revisits within three days after discharge (ratio of revisits,
BE3), readmission rate within 14 days (readmission rate,
BE14), and transfer rate (transfer rate, TR), were used as
the hospital health-care quality indicators of this study.
Smaller values for these indicators were favoured by the
hospitals; the three indicators represent the level of
appropriate care for hospitalized patients. Irregular values
for these indicators indicated room for improvement in
care provided to hospitalized patients, failure by patients to
follow doctors’ self-care instructions after discharge, or
medical treatment sought for unstable conditions due to
other reasons. Additionally, the rate of emergency
department revisits after emergency care in the same
hospital within 1 day was used as an indicator of the
adequacy of hospitals’ emergency care, and emergency
department revisits after emergency care within 1 day
were identified as requiring further investigation. Hospitals
should seek to further understand the reasons for the
results of this indicator to improve their care quality for
emergency patients.
Moreover, persistent low hospital bed occupancy rates
reduce revenue generation. However, the amortization and
depreciation of entrusted assets necessarily listed for
annual cost accounting add to hospitals’ costs. Therefore,

the planned and actual use of beds that have been
unavailable for long periods is indicative of a hospital’s
actual operation. In considering the bed occupancy rates,
no clear definition of the operational performance of a
hospital can be made. However, consideration of the
panned and actual use of those beds involves both financial
and nonfinancial factors; hospitals with missions and goals
yield higher performance. The aim of this study was to
investigate the effects of the nurse-to-patient ratio during
the COVID-19 pandemic on hospital operations and
management as well as health-care quality indicators. Given
that 2020 financial statements will be made public in early
2022, this study selected public hospitals as the research
sample with the primary goal of investigating the
correlation of the nurse-to-patient ratio with health-care
quality indicators (monitoring indicators for Taiwanese
Diagnosis-Related Group cases) as well as with indicators
for hospitals’ financial management (that is, input variables,
such as the personnel costs–health-care revenue, the
medical supply costs–health-care revenue, and the total
medical costs–health-care revenue ratios, and output
variables, such as bed occupancy rate, number of beds, and
bed growth rate). Further analysis was conducted to
examine the differences between hospitals of different
levels to understand whether hospitals’ financial statuses
were affected in the year preceding the COVID-19 pandemic
and or in the year following. This study sought to facilitate
common indicators–based management to achieve higher
operational performance to thereby improve operations
and management, operating performance, and service
quality. Additionally, major factors were analyzed, and
recommendations were proposed for decision-makers and
managers regarding future directions for management.
METHODS
Sample selection
In 2021, the National Health Insurance Administration of
the Ministry of Health and Welfare made public the
financial statements of the hospitals (medical centers,
regional hospitals and district hospitals) that had received a
health insurance subsidy of more than NT$200 million in
2019. However, due to the effects of the COVID-19
pandemic on hospital finances, relevant financial
statements for 2021 will not be made public until early
2022. Government regulations stipulate that public
hospitals should publish their final annual accounts online
and that the information in these published accounts
should be identical to that the contracted medical care
institutions submitted to the National Health Insurance
Administration of the Ministry of Health and Welfare. The
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data from these published accounts were included in this
study. In addition, data regarding nurse-to-patient ratios
were drawn from publicly available datasets that include
the average daily nurse-to-patient ratio in Ministry of
Health and Welfare–affiliated hospitals. To investigate
whether hospital operations and management were
affected prior to or following COVID-19, the study period
was set from 2019 to 2020 and the study focus was public
hospitals. For the research design, manual data collection
was performed and relevant financial data were calculated,
followed by regression analysis (N = 118).
Research design
Health-care quality indicators: Taiwanese DiagnosisRelated Groupcases (the ratio of emergency department
revisits within three days after discharge, BE3;
readmission rate within 14 days, BE14; and transfer
rate, TR)
The three health-care quality indicators adopted in this
study were the ratio of Taiwanese Diagnosis-Related Group
cases of emergency department revisits to the same
hospital within three days after discharge (ratio of revisits),
the number of Taiwanese Diagnosis-Related Group cases
re-hospitalized within 14 days after discharge (readmission
rate), and the ratio of hospital transfer codes corresponding
to “6 transfers” in Taiwanese Diagnosis-Related Group
cases (transfer rate). Hospitals generally favour smaller
values for these indicators.
Hospital operations
efficiency

and

management-operational

Input variables: personnel expense ratio (SE), ratio of
medical supply expenses (EQ), and ratio of total medical
cost (TC)
The personnel expense ratio was defined and obtained by
dividing personnel expenses by medical revenue; this ratio
was used to measure the results of budgetary control in
hospital health-care activities. An excessively high patientto-nurse ratio gives rise to high turnover rates, which, in
turn, increases employee training costs (and therefore
hospital operating costs) and decreases the quality of
health care. The ratio of medical supply expenses was
defined as the performance ratio of medical supply
expenses to health-care revenue; this ratio reflected the
operational efficiency of hospitals. High-tech medical
devices and equipment are crucial in hospitals; they assist
physicians in providing highly accurate diagnoses, which

improves health-care service quality in hospitals. The ratio
of total medical cost is the ratio of total medical cost to
health-care revenue; controlling health-care costs facilitates
effective deployment of medical resources and increases
overall operational efficiency (Chang et al., 2004).
Output variables: bed occupancy rate(OccR), number of
beds (NRoom), and bed growth rate (GRoom)
This study used bed occupancy rate, number of beds, and
bed growth rate as indicators for the input variables with
respect to operational effectiveness. The bed occupancy
rate was defined as the number of inpatient
days in hospitals divided by the number of available beds
multiplied by 365; this rate was used to measure effective
use of available beds and equipment at hospitals. In
hospitals with higher bed occupancy rates, the idle capacity
is lower, and the effectiveness of the equipment is greater.
Therefore, operating effectiveness is higher for hospitals
with higher bed occupancy rates. The number of beds is
generally used to measure the scale or production capacity
of a hospital, with a larger scale indicating higher efficiency.
The number of beds is the sum of the functional bed
capacity of a hospital. The bed growth rate was used to
measure the increase in the number of beds in a hospital
compared with the previous year. An increase in the
number of available beds increases the operating
effectiveness of hospitals; this rate was calculated using the
following formula:
The number of valid hospital beds in the target month/the
number of valid hospital beds at the same time in the
previous year −1
In this study, the nurse-to-patient ratio was used as the
independent variable in the empirical model, and healthcare quality indicators as well as operating effectiveness
indicators were respectively submitted to regression
analysis.
Nurse-to-patient ratio (NSP)
The nurse-to-patient ratio means the ratio of patients being
cared to nurses (that is, the average number of patients
cared by one nurse). This ratio was calculated using the
following formula: number of general acute beds × bed
occupancy rate × 3 ÷ average number of nurses for each of
the three daily shifts. In this study, the data for this ratio
were drawn from publicly accessible datasets regarding the
average daily nurse-to-patient ratio in Ministry of Health
and Welfare–affiliated hospitals. Legislation regarding the
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Table 1: Sample Distribution (N=118)

Characteristics
Year
2019
2020
Distribution
Medical Centers
Regional Hospitals
District Hospitals
Nurse-to-Patient Ratio
Medical Centers
≤7
8
≥9
Regional Hospitals
≤7
8
9
10
11
≥12
District Hospitals
≤7
8
9
10
11
12
13
14
≥15

nurse-to-patient ratio was passed in 2019 to regulate the
maximum number of patients per nurse in hospitals; the
maximum nurse-to-patient ratios for medical centers,
regional hospitals, and district hospitals are 1:9, 1:12, and
1:15, respectively. Furthermore, in an attempt to lessen the
high nurse-to-patient ratios, the Ministry of Health and
Welfare implemented a health insurance-linked reward
system; payments of health insurance subsidies were
increased for hospitals achieving Ministry of Health and
Welfare evaluation standards for nurse-to-patient ratios.
Statistical analysis
The data of this study was submitted to statistical analysis
using the SPSS 20.0 software package; methods of
descriptive statistics, such as percentage, mean, and
standard deviation (SD), were used. An independent t test
was conducted to determine the differences between the
years preceding and following COVID-19, followed by an
analysis of the Pearson’s correlation coefficient to
determine the correlations of nurse-to-patient ratio with
ratio of revisits, readmission rate, transfer rate, personnel

n

%

59
59

50.00
50.00

12
48
58

10.17
40.68
49.15

12
0
0

100.00
0.00
0.00

1
6
12
16
9
4

2.08
12.50
25.00
33.33
18.75
8.33

6
3
13
14
16
6
0
0
0

10.34
5.17
22.41
24.14
27.59
10.34
0.00
0.00
0.00

expense ratio, and ratio of medical supply expenses as well
as with ratio of total medical cost, bed occupancy rate,
number of beds, and bed growth rate. Finally, the effect on
the operational performance of hospitals was analyzed
using linear regression; crucial factors were analyzed, and
recommendations for decision-makers and managers were
proposed regarding directions for future management.
Research ethics
This data collection of this research comes from the public
information platform of the medical service organization of
the National Health Insurance Administration. This
research is unregistered, non-interactive, and non-intrusive
research, and it is impossible to identify the specific
individual from the collected information, so there is no
need to go through the Research Ethics Committee.
RESULTS
As presented in Table 1, which contains a data analysis for
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Table 2: Differences in 2019 and 2020, by characteristic (N = 118)

2019 (n=59)
Mean
NSP
9.97
Medical Quality Index
BE3
0.05
BE14
0.10
TR
0.04
Input Variable
SE
0.34
EQ
0.28
TC
0.95
Output Variable
OccR
0.72
NRoom
618.65
GRoom
0.01
Variable a

Std. Dev
1.87

2020 (n=59)
Mean
9.84

Std. Dev
2.03

t
-0.36

Pb
0.04**

0.04
0.08
0.06

0.05
0.11
0.03

0.04
0.08
0.04

-0.46
0.27
-0.80

0.65
0.79
0.08*

0.13
0.10
0.15

0.33
0.29
0.98

0.13
0.09
0.10

-0.14
0.70
1.42

0.09*
0.04**
0.16

0.14
642.74
0.04

0.69
490.46
0.01

0.15
455.09
0.04

-0.84
-1.25
0.24

0.07*
0.21
0.81

aNSP:

nurse-to-patient ratio;BE3: ratio of revisits; BE14: readmission rate; TR:transfer rate; SE: personnel expense ratio; EQ: ratio of medical supply
expenses; TC: ratio of total medical cost; OccR: bed occupancy rate; NRoom: number of beds; Groom: bed growth rate.
b *p< .10. ** p<0.05. *** p<0.01.

the included 118 public hospitals, the number of hospitals
in both 2019 and 2020 was 59. With respect to hospital
level, district hospitals constituted the majority (49.15%),
followed by regional hospitals. The legislation regarding the
nurse-to-patient ratio was officially passed in 2019, with
the stipulated number of patients per nurse being 9 for
medical centers, 12 for regional hospitals, and 15 for
district hospitals. In this study, the average number of
patients in the nurse-to-patient ratio was fewer than 7 for
medical centers, between 8 and 9 for regional hospitals, and
fewer than 12 for district hospitals, all of which fell within
the Ministry of Health and Welfare standards. According to
hospital evaluation conducted by the Ministry of Health and
Welfare, medical institutions are divided into three levels:
district hospitals, regional hospitals, and medical centers.
The results of the descriptive statistics regarding nurse-topatient ratio (NSP) in relation to ratio of revisits (BE3),
readmission rate (BE14), transfer rate (TR), personnel
expense ratio (SE), ratio of medical supply expenses (EQ),
ratio of total medical cost (TC), bed occupancy rate (OccR),
number of beds (NRoom), and bed growth rate (GRoom)
are presented in Table 2. The results of the t test for
determining differences revealed that the mean nurse-topatient ratio in 2020 (9.84/per nurse) was lower than that
in 2019 (9.97/per nurse), demonstrating a trend of
improvement in nurse-to-patient ratio each year. Regarding
health-care quality indicators for Taiwanese DiagnosisRelated Group cases, the mean of transfer rate in 2020
(3%) was lower than in 2019; among the input variables, a
lower personnel expense ratio and higher ratio of medical
supply expenses were observed in 2020. In addition, the

output variable findings indicated that the bed occupancy
rate was lower in 2020 than in 2019. Statistically significant
differences were observed in the nurse-to-patient ratio,
transfer rate, input variables (personnel expense ratio and
ratio of medical supply expenses), and bed occupancy rate
between the years before and after the COVID-19
pandemic.
The Pearson correlation coefficients of this study are
presented in Table 3. The nurse-to-patient ratio was
significantly positively correlated with the ratio of revisits,
ratio of total medical cost, and bed occupancy rate (p <
0.05) and was significantly negatively correlated with the
ratio of medical supply expenses and number of beds (p <
0.05). This suggests that a higher nurse-to-patient ratio
indicates a higher ratio of revisits, ratio of total medical
cost, and bed occupancy rate and a lower ratio of medical
supply expenses and number of beds. To determine the
correlations between the nurse-to-patient ratios during the
COVID-19 pandemic and hospital operations and
management as well as health-care quality indicators, bed
occupancy rate, number of beds, bed growth rate,
personnel expense ratio, ratio of medical supply expenses,
and ratio of total health-care cost were included as
indicators
for
operating
performance.
However,
geographical location, scale, characteristics of medical
services, and local needs differ among hospitals. The
samples of this study were categorized into the years 2019
and 2020, which were respectively the years before and
after the COVID-19 outbreak; the results of analysis are
presented in Table 4. In 2019, the nurse-to-patient ratio
was significantly positively correlated with the personnel
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Table 3: Correlation Matrix withNurse-to-Patient Ratios, Hospital Operations and Management, and Health-Care Quality Indicators t (N = 118)

Variable a,b
NSP
NSP
1
Medical Quality Index
BE3
.20*
BE14
-.06
TR
.07
Input Variable
SE
.16
EQ
-.33*
TC
.34*
Output Variable
OccR
.27*
NRoom
-.23*
GRoom
.02
aNSP:

BE3

BE14

TR

SE

EQ

TC

1
.13
.43*

1
.21*

1

-.13
.14
.35*

-.04
.02
.09

-.01
.01
.26*

1
-.47*
.03

1
-.14

1

-.04
-.30*
.07

-.11
-.26*
.01

-.13
-.25*
-.02

.04
.11
-.06

.08
.17
-.01

-.01
-.45*
-.06

OccR

NRoom

GRoom

1
.28*
-.25*

1
-.15

1

nurse-to-patient ratio; BE3: ratio of revisits; BE14: readmission rate; TR: transfer rate; SE: personnel expense ratio; EQ: ratio of medical supply

expenses; TC: ratio of total medical cost; OccR: bed occupancy rate; NRoom: number of beds; Groom: bed growth rate.
bPearson

correlations in the lower diagonal. * Indicates significance at the 5 percent level.

Table 4: Linear regression with nurse-to-patient ratios,
hospital operations and management, and health-care quality
indicators

Variable
β
2019
BE3
0.02
BE14
-0.01
TR
3.67
SE
0.03
EQ
-0.01
TC
0.03
OccR
0.02
NRoom
-112.27
GRoom
-0.01
2020
BE3
0.01
BE14
-0.02
TR
0.04
SE
0.06
EQ
-0.02
TC
0.01
OccR
0.02
NRoom
-106.70
GRoom
0.02
Medical Centers
BE3
0.01
BE14
-0.02
TR
0.01

ta

R2

0.49
-0.15
0.23
1.98**
-2.03
3.45***
1.99**
-3.79***
-1.05

0.2042
0.1104
0.1367
0.4643
0.0472
0.4724
0.4649
0.5013
0.1190

2.59***
-0.76
1.22
0.55
-3.22***
2.21**
2.22**
-3.97***
1.48*

0.3055
0.1101
0.2253
0.2053
0.5540
0.2791
0.3795
0.6164
0.3372

1.32
-0.00
1.43*

0.1476
0.1424
0.3691
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Table 4: cont

SE
-0.02
EQ
-0.12
TC
0.09
OccR
0.17
NRoom
153.81
GRoom
-0.02
Regional Hospitals
BE3
-0.01
BE14
-0.02
TR
0.02
SE
0.02
EQ
-0.04
TC
0.01
OccR
-0.02
NRoom
-183.02
GRoom
0.01
District Hospitals
BE3
0.02
BE14
-0.04
TR
-0.02
SE
0.05
EQ
0.01
TC
0.02
OccR
0.05
NRoom
-10.23
GRoom
-0.01

-0.03
-1.88**
0.70
-1.33
0.35
-2.87***

0.1001
0.4619
0.1472
0.1504
0.1122
0.5523

-0.47
-2.14**
0.48
0.92
-3.38***
1.22
-0.32
-4.71***
0.62

0.1048
0.4909
0.1050
0.1182
0.6987
0.1315
0.1023
0.5251
0.1083

1.78**
-0.70
-0.41
0.95
0.08
2.14**
6.16***
-0.98
-0.75

0.4538
0.1088
0.1030
0.1160
0.1001
0.4757
0.5038
0.1169
0.1099

aBE3:

ratio of revisits; BE14: readmission rate; TR: transfer rate;
SE: personnel expense ratio; EQ: ratio of medical supply
expenses; TC: ratio of total medical cost; OccR: bed occupancy
rate; NRoom: number of beds; Groom: bed growth rate.
bAsterisks *, **, *** indicate two-tailed significance at the 0.10,
0.05, and 0.01 levels, respectively.

expense ratio (t=1.98, p<0.05); in the samples from 2020,
the nurse-to-patient ratio was significantly positively
correlated with the ratio of revisits (t=2.59, p <0.01) and
bed growth rate (t=1.48, p < 0.10) and significantly
negatively correlated with the ratio of medical supply
expenses (t=-3.22, p < 0.01), which is a predictor for
hospital profit margin. Moreover, in both 2019 and 2020,
the correlations of the nurse-to-patient ratio with the ratio
of total medical cost, bed occupancy rate, and number of
beds were significant (that is, a lower nurse-to-patient ratio
indicated a lower ratio of revisits, personnel expense ratio,
ratio of total medical cost, bed occupancy rate, and bed
growth rate and a higher ratio of medical supply expenses
and number of beds), which indicated hospitals achieved
better health-care quality after the implementation of the
Ministry of Health and Welfare’s health insurance reward
system. Moreover, due to the relative success of Taiwan’s

pandemic prevention measures, the difference in healthcare quality between 2019 and 2020 was slight.
According to the Ministry of Health and Welfare of
the Executive Yuan, in hospital evaluations, hospitals are
classified as belonging to one of three levels, namely district
hospital, regional hospital, and medical center. In this study,
the hospitals were divided into these health-care levels for
analysis; the results indicated that, for medical centers, the
nurse-to-patient ratio was significantly positively
correlated with the transfer rate (t=1.43, p < 0.10) and
significantly negatively correlated with the ratio of medical
supply expenses (t=-1.88, p < 0.05) and bed growth rate(t=2.87, p < 0.01). For regional hospitals, significant negative
correlations were observed with the readmission rate (t=2.14, p < 0.05), ratio of medical supply expenses (t=-3.38, p
< 0.01), and number of beds(t=-4.71, p < 0.01). For district
hospitals, significant correlations were observed with the
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ratio of revisits (t=1.78, p < 0.05), ratio of total medical cost
(t=2.14, p < 0.05), and bed occupancy rate (t=6.16, p <
0.01). These results demonstrated that, as a medical model,
the nurse-to-patient ratio legislation led to effective
improvement regarding health-care quality, patient safety,
medical costs, and medical revenue on different health-care
levels as well as improvement of social medical resource
and expense management.
DISCUSSION
This study analyzed data for 118 public hospitals in Taiwan
during two years. In hospital evaluation, the district
hospitals are at the third highest level, following medical
centers and regional hospitals. In addition, district hospitals
are numerous and widely distributed in multiple regions,
which facilitates provision of health-care services.
Therefore, among the public hospital levels in this study,
district hospitals constituted the majority (49.15%). When
the nurse-to-patient ratio was officially included in
legislation in 2019, to improve the nursing practice
environment, this ratio was incorporated into the items for
hospital evaluation in the Ministry of Health and Labor’s
health insurance-linked reward system (Chang and Lin,
2021). This effectively established a norm for nurse-topatient ratios at acute hospitals. In this study, data
regarding the number of patients per nurse in public
hospitals were analyzed, including those for medical
centers, regional hospitals, and district hospitals from 2019
to 2020. The findings indicate that these hospitals acted in
accordance with the Ministry of Health and Welfare’s
stipulations for the maximum number of patients per nurse.
However, feedback should be provided through health
insurance reports following the 2019 legislation to enable
further alleviation of nurse workloads and to enable greater
quality of care and safety for patients. The findings of this
study are similar to those of Aiken et al. (2010). Following
the legislation that regulated the nurse-to-patient ratio in
2019, the Ministry of Health and Welfare established a
reward system that increased health insurance subsidies
for hospitals that complied with the standards, which
effectively established norms for nurse-to-patient ratios at
acute hospitals. Therefore, the mean nurse-to-patient ratio
decreased in 2020. This is also likely due to the effects of
COVID-19 in that year; the number of hospital visits
decreased, causing lower transfer rates and decreased
personnel expense ratios.
However, with the development of medical technology
and resulting augmentation of medical expenses, an
increasing trend occurred in the ratio of medical supply
expenses due to medical professionals having the means to
treat more diseases. The medical costs of hospitals were

more tightly controlled and managed to facilitate effective
deployment of medical resources and elevate the overall
operational efficiency. The bed occupancy rate was lower in
2020 than it was in the year before the COVID-19
pandemic; by effectively improving operational efficiency,
the medical resources in the hospitals were more
effectively employed. The correlations of nurse-to-patient
ratio with the three health-care quality indicators of the
Taiwanese Diagnosis-Related Group cases (ratio of revisits,
readmission rate, and transfer rate), input variables
(personnel expense ratio, ratio of medical supply expenses
and ratio of total medical cost), and output variables (bed
occupancy rate, number of beds, and bed growth rate) were
examined by analyzing the Pearson correlation coefficient;
the findings demonstrated that the nurse-to-patient ratio
was significantly correlated with the ratio of revisits, ratio
of total medical cost, bed occupancy rate, ratio of medical
supply expenses, and number of beds. Although the
Pearson correlation coefficient between personnel expense
ratio and medical supply expenses (2020) was 0.47, the VIF
values presented in the included table of empirical results
were all less than 10, indicating that the collinearity
between predictors was within the permissible range.
In recent years, numerous articles on insufficient nurse
manpower in Taiwan have been published in international
academic nursing journals (Chang et al., 2019; Hung and
Wu, 2019). However, the factors regarding turnover in
these articles are primarily examined using inferential
investigations on intentions to resign, whereas the key
reasons for resignation have rarely been investigated from
the perspective of the health-care workers who have
resigned and the subsequent effects on hospitals’ actual
costs have remained underexplored. Moreover, in recent
years, the nurse-to-patient ratio and nurse workload have
been the focus of propositions related to nurse manpower
(Lanz and Bruk, 2017; Alghamdi, 2016). Nurse workload
has been increasingly considered as relevant to the flow of
manpower and nursing quality, and the nurse-to-patient
ratio is a key reason for excessive turnover rates. To
improve the nursing practice environment, the Ministry of
Health and Welfare has included the nurse–patient ratio as
an official item in hospital evaluation and linked
hospitalization insurance consultation compensation since
2015, and the nurse–patient law was formally legislated in
2019 (National Health Insurance Administration, 2020).
Nursing is a labour-intensive profession that provides faceto-face care. The nurse-to-patient ratio indicates the
number of patients cared by one nurse, and caring for an
excessive numbers of patients increases nurses’ stress
levels and turnover rates, which then leads to an increase in
inpatient hospital days and more unfavourable incidents
(Aiken et al., 2014; Aiken, 2002). Moreover, Aiken et al.
(2010) indicated that achieving a safe nurse-to-patient
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ratio decreases turnover rates and saves on training costs;
replacing a nurse costs an approximate US$42,000, and
every 1% increase in the nurse turnover rate leads to an
average annual additional cost of US$300,000
(PricewaterhouseCoopers’ Health Research Institute,
2007).
Turnover in nursing causes immense financial losses, so
it is estimated that the cost of each lost is about US$44,380
to US$63,400 (Yarbrough et al., 2017). Therefore, the lower
nurse-to-patient ratios following the official legislation of
nurse-to-patient ratio in 2019 have led to decreases in
nurse turnover rates, which reduced employee training
costs for hospitals. In the post-pandemic period of 2020,
the number of individuals seeking treatment in hospitals
decreased, and the number of patients per nurse became
relatively lower. This allowed nurses to better provide
professional and dedicated care and led to lower transfer
rates; moreover, the quantity of beds was increased due to
pandemic prevention measures. This article referred to the
suggestions of Magnus et al. (2004) in measuring
operational efficiency based on the costs of drugs and
medical supplies, bed occupancy rate, and number of beds.
The bed occupancy rate was used to measure the use
efficiency of functional beds and equipment in hospitals.
Because hospitals are required to annually list their
depreciation expenses for medical equipment and devices,
increasing the bed occupancy rate allows for a decrease in
depreciation expenses in medical expenditure. In hospitals
with an elevated number of patients cared in their nurse-topatient ratios, bed occupancy rates increase, idle capacity
decreases, and equipment effectiveness is greater; the
operating effectiveness is higher in hospitals with higher
bed occupancy rates. This article presumes that the scale
effect is present in hospitals (that is, a larger scale indicates
higher efficiency); nurse-to-patient ratios can be decreased
by increasing the nurse manpower in hospitals, which
reduces patients’ readmissions or emergency department
revisits within 30 days after discharge as well as overall
medical costs (Weiss et al., 2011)
Since the global COVID-19 pandemic, numerous medical
technology sectors have faced unprecedented challenges.
As of December 29, 2020, in the Unites States, individuals
infected with the COVID-19 totalled 19.4 million, and the
death toll has exceeded 330,000 in the country. American
hospitals and health-care systems were immediately
affected by the economic pressure resulting from the
medical expense of treating patients with COVID-19. In his
letter to International Travel and Health Insurance (May,
2020), Rick Pollack, the President and CEO of the American
Hospital Association, indicated that hospitals were facing
an unprecedented challenge due to the increased expense
of treating patients with COVID-19 and the reduced
revenue of hospitals due to cancelled or delayed operations,

which resulted in reduced use of medical equipment.
Hospitals’ revenues, medical expenses, manpower, and
equipment not only reflect operational efficiency but are
affected by the disease acuity in the patients being treated.
Advanced medical equipment plays a crucial role in
hospitals; it enables physicians to diagnose with high
accuracy. The descriptive statistics presented in Table 2
reveal a trend of decrease in the average nurse-to-patient
ratio in 2020 resulting from the COVID-19 pandemic. This
decrease allowed nurses to provide better quality health
care and improve health-care service quality in hospitals.
This, along with advanced medical equipment, can improve
service quality at hospitals and thereby increase their
operational efficiency. This study followed the Ministry of
Health and Welfare standards for evaluation and classified
hospitals into three levels, namely medical centers, regional
hospitals, and district hospitals; the respective operational
efficiency of hospitals of these three types were examined,
compared, and analyzed. Medical centers possess larger
quantities of advanced medical equipment and devices;
larger numbers of quality medical equipment and devices
increase the probability of achieving higher scores in
health-care evaluations. Moreover, medical centers possess
larger quantities of valuable medical equipment or more
frequently engage in medical education activities. Such
centers are capable of purchasing medical equipment with
the goal of improving health-care quality.
Consequently, sufficient nursing manpower in these
centers effectively lowers the number of patients cared in
the nurse-to-patient ratio, which leads to more adequate
care and lower transfer rates. Furthermore, due to the
larger amounts invested in medical supplies, the quality of
health care in medical centers is generally higher and the
number of functional beds is larger. By contrast regional
hospitals may experience challenges, including difficulty in
staff recruitment and higher nurse-to-patient ratios, which
result in higher rates of re-hospitalization within 14 days
after discharge. Abnormal values in indicators indicated
room for improvement in care provided to hospitalized
patients, failure by patients to follow doctors’ self-care
instructions after discharge, or medical treatment sought
for unstable conditions due to other reasons. Additionally,
rates of emergency department revisits indicated the
adequacy of hospital emergency care. Hospital revisits after
emergency care were identified as requiring further
investigation. Hospitals should seek to further understand
the reasons for the results of this indicator to improve their
care quality for emergency patients. For regional hospitals,
in addition to the pressure applied through National Health
Insurance-related policy changes, increases in health
insurance copayments for drugs and medical supplies have
added additional financial pressure. Moreover, older adults
constitute the majority of patients seeking treatment in
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regional hospitals and the number residing in nursing
homes. These patients generally have multiple chronic
diseases, which do not require high-tech medical
equipment costs.
In addition, due to their smaller scale, the number of beds
in such hospitals is lower. District health-care reduces each
year. In addition to reduced health-care revenues and high
turnover rates among physicians, high resignation rates in
nurses have led to higher nurse-to-patient ratios.
Furthermore, the competition in district health-care
business, in which hospitals of the same level recruit
health-care professionals and offer higher salaries, leads
several talented clinicians to resign and transfer due to
advance in their careers. The resulting inadequate staffing
leads to a forced closure of wards and a sharp decline in
revenues from hospitalization. With the difficulty in
recruiting nursing staff, health-care quality is affected, and
the ratio of emergency department revisits within 3 days
after discharge generally increases. In summary, decreased
bed occupancy rates and reduced health-care revenues
result from shortages of health-care manpower, limited
medical resources, and competition within the medical job
market. This difficulty in recruiting resident physicians
then leads to occupancy rates of general acute beds
becoming lower and the total operating revenues
decreasing. Hospitals should increase planned and actual
hospital bed use to reduce amortization and depreciation
expenses and to reflect the actual operation status of
hospitals.
CONCLUSIONS
This study indicates that along with developing medical
technology and augmenting medical expenses, medical
professionals have developed novel drugs and devices
through industry–academia collaborations that treat a
greater number of diseases. The increased use of drugs and
devices has led to an increase in the types of medical
expenses reimbursable by health insurance. In addition,
bed occupancy rate can be used as an indicator of hospital
bed use. However, a complete assessment of hospitals’
financial operation performance requires data regarding
health-care revenue of the same time of a different year and
the financial surplus of the current period. By effectively
improving operational efficiency, the use effectiveness of
medical resources can be maximized in hospitals. As the
demand for nurses increases, to prevent loss of manpower
and increase registered nurses’ pursuit of the vocation, the
challenge should be viewed from a perspective of medical
and nursing professionals with nursing and technology
combined to simplify performance of mechanical tasks.
Smart nursing transfer systems as well as reporting

methods and solutions are targets for future technological
optimizations. These would allow nurses to adequately
administer nursing care and devote their time to the real
requirements of human care and thus improve their sense
of professional identity and reduce their likelihood of
resigning. The registered data on the average daily nurseto-patient ratios at hospitals in 2019 and 2020, made public
by the Ministry of Health and Welfare, were the only data
collected for analysis by this study. Therefore, the findings
cannot be generalized to other years and hospitals levels.
Furthermore, the accuracy of and omissions in the said
registered data require further verification, which is one of
the limitations of this study. Other limitations are
associated with the data structure, definition of variables,
and the empirical model, to which consideration should be
given when using the empirical results of this article.
In addition, this study addressed only public hospitals;
expanded sample sources would lead to more significant
inference. Given the global effects of the COVID-19
pandemic, this study used data of a 2-year interval
spanning pre-and post-COVID-19 periods; future studies
may further include an annual trend analysis. Moreover,
monitoring indicators for Taiwanese Diagnosis-Related Gro
cases were used as the health-care quality indicators, the
use of which necessitates a limitation (that is, the indicators
are calculated on the basis of data in medical expense
declarations for health insurance, and their values may be
derived through multiple reasons and only designate part
of the outcomes or results). However, determining healthcare adequacy should be conducted by medical
professionals based on patients’ conditions, which is
another limitation of this study. Finally, future studies
should explore hospital classification based on ownership
and categorize hospitals as public and private to further
compare the SD distribution of hospitals pertaining to
different ownerships and levels. Hospital operators and
managers must fully understand their operations, which
serve as references for resource input and staffing, to
maximize hospitals’ operational performance with the few
resources available in given operation scales. In addition,
effective evaluation of management can assist hospitals in
measuring their operating performance to fully extend their
operational efficiency.
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