


Review Article

What Frequency of Ankle Pump Exercise is Optimal to Improve Lower
Limb Hemodynamics? A Systematic Review and Network Meta-
analysis

Xin Wang,1,* Rongsong Tang,2,* Heli Zhang,3 Fan Li,4 Jing Wang,2 Baohua Li2,*

1 Institute of Sports Medicine, Peking University Third Hospital, China
2 Nursing Department, Peking University Third Hospital, China
3 Department of Rehabilitation Medicine, Peking University Third Hospital, China
4 Department of Neurosurgery, Peking University Third Hospital, China

a r t i c l e i n f o

Article history:
Received 27 September 2022
Received in revised form
10 March 2023
Accepted 12 March 2023

Keywords:
ankle
exercise therapy
network meta-analysis
systematic review
venous thromboembolism

s u m m a r y

Purpose: Ankle pump exercises (APE) have been widely used in clinical practice. However, best practices
for APE have not been established. Recognize the most effective frequency of APE for improving lower
extremity hemodynamics and establish recommendations in clinical practice.
Methods: Therefore, a systematic review and network meta-analysis (NMA) was performed according to
PRISMA-NMA. Six English databases (Pubmed, Medline, CINAHL, Embase, the Cochrane library and
ProQuest) and four Chinese databases (CNKI, Wanfang, VIP and Sinomed) were searched. Randomized
controlled trials (RCTs) and quasi-experimental studies investigating the effects of different frequencies
of APE on lower limb hemodynamics published before July 2022 were included. The reference list was
also searched. Seven studies (one RCTs and six quasi-experimental studies) were included in the sys-
tematic review and five studies (one RCTs and four quasi-experimental studies) were included in the
NMA. The risk of bias was assessed using the Cochrane and Joanna Briggs Institute tools. The NMA was
performed using the R software (version 4.2.1) and OpenBUGS (version 3.2.3).
Results: The results of the NMA showed that a frequency of every 3e4 s the most effective in improving
lower extremity hemodynamics (P ¼.85), followed by every 1e2 s (P ¼ .81), every 5e6 s (P¼.32) and less
than every 10 s (P ¼.02). Subgroup analysis failed to find a difference between healthy participants and
those with unilateral total hip arthroplasty or fracture (MD ¼ �0.23, 95% CI-5.92 to 4.61).
Conclusions: Consequencely, for adult patients, with or without lower extremity disease, a frequency of
every 3e4 s can be recommended as the optimal frequency of APE in clinical care practice.
Registered number on PROSPERO: CRD42022349365.
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID¼349365.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Ankle pump exercise (APE), an exercise performed through
plantar flexion and dorsiflexion of the ankle joint, promotes venous

blood return to the lower extremities by contracting and relaxing
the calf muscles [1,2] and is recommended as an effective method
for preventing venous thromboembolism (VTE) [3e5]. In addition,
APE improves calf muscle pump function and reduces venous sta-
sis, which is beneficial in patients with chronic venous insufficiency
(CVI) and venous leg ulcers (VLUs) [6,7]. However, the most effec-
tive frequency of APE has not been determined [8,9].

Traditional APE recommends holding plantarflexion and dorsi-
flexion for 10 s at a time, which corresponds to a frequency of 3
beats/min [8]. However, faster APE frequencies have recently been
found to be more effective in accelerating blood flow velocity in the
lower extremities, ranging from 6 to 100 beats/min [8e14]. Vali-
dating the most effective frequency for APE is difficult due to the
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wide range of frequencies and inconsistent results. There are no
evidence-based studies to aid decision-making in clinical practice.

Traditional meta-analysis methods compare only two fre-
quencies at a time, making it difficult to answer the question of
which frequency is most effective [15]. Network meta-analysis
(NMA), a technique that compares multiple treatments simulta-
neously in a single analysis by combining direct and indirect evi-
dence [16], may be more appropriate for determining the best APE
frequency from a variety of different frequencies.

Therefore, the objectives of this systematic review were to [1]
recognize the most effective frequency of APE for improving lower
extremity hemodynamics through an NMA and [2] establish rec-
ommendations for the frequency selection of APE in clinical care
practice.

Methods

Registration

This systematic review and NMA is based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA-NMA) guidelines for extended reporting of NMAs [17].
The study protocol has been registered and updated on PROSPERO,
an international systematic review prospective registry (ID:
CRD42022349365).

Search strategy

Six English databases (Pubmed, Medline, CINAHL, Embase, the
Cochrane library, and ProQuest) and four Chinese databases (CNKI,
Wanfang, VIP, and SINOMED) were searched. The search strategy
was established based on the PICOS tool: (P) population: adults (age
�18 years) treated with APE; (I&C) interventions and comparators:
different frequencies of APE; (O) outcomes: lower extremity he-
modynamics; (S) studies: randomized controlled trials (RCTs) and
quasi-experimental studies. For example, on Medline, search for
“AB (ankle pump exercise or functional *training* or functional
*exercise* or ankle motion or ankle plantarflexion or ankle valgus)
and AB (frequency or number) and AB (lower extremity hemody-
namics or blood flow rate or blood volume or venous blood re-
turn)". In addition to the database search, the reference lists of
included studies were screened according to the inclusion criteria.

Inclusion criteria

RCTs and quasi-experimental studies conforming to the afore-
mentioned PICOS, published by July 2022, written in English or
Chinese, and peer-reviewed were included regardless of sample
size. The frequency of APEwas defined as any description that could
indicate the number of APEs per minute or the interval between
APEs. Low limb venous flow velocities, i.e., the velocity of blood in a
specific vein, were used to measure lower limb hemodynamics and
were assessed by a digital color Doppler ultrasound diagnostic
system. For example, the time-averaged maximum flow velocity in
the femoral vein is approximately 12.7 to 13.6 cm/s in the head-up
position at rest [18,19].

Study selection

Two independent reviewers (X.W. and R.S.T.) screened the
retrieved articles through Endnote X9 literature management
software. Study selection consisted of three stages, evaluating ar-
ticles in terms of title, abstract, and full text, respectively. Any
disagreements were resolved through discussions between two

reviewers or a third reviewer (B.H.L.). If necessary, a broader team
meeting will be held to resolve disagreements.

Data extraction

A standardized data extraction form was used with two inde-
pendent reviewers (X.W.& R.S.T.) to record data, including authors,
year of publication, country, study design, study setting, sample
size, population, intervention, measurements, funds, and differ-
ences in low limb venous flow velocity before and after APE.

Quality appraisal

Two independent reviewers (X.W. and R.S.T.) assessed the
quality of eligible studies. For RCTs, the Cochrane Handbook version
5.2.0, which contains 13 items to assess the risk of bias (ROB), was
used. The 13 items assessed performance bias, detection bias,
attrition bias, and reporting bias, and assessed whether there were
systematic differences in the care provided, outcome assessment,
loss of participants between comparison groups, and the presence
of selective reporting [20]. Trials were also categorized into three
levels based on the presence of ROBs described in 13 items: high
risk (five or more), moderate risk (three or four), and low risk (two
or less). For quasi-experimental studies, the Joanna Briggs Institute
(JBI) quality assessment tool, which consists of nine items, was used
to assess ROB in multiple ways [21]. After discussion by the study
team, studies that measured comparative outcomes in an incon-
sistent and unreliable manner were excluded.

Data analysis

Descriptive analyses included trials, characterized by different
APE frequencies, and summarized the contribution to the overall
evidence. Considering the similar and varying frequencies of APE,
which can be supervisedwith a timer in order to facilitate in clinical
practice, we classified APE into five frequencies (less than every
10 s, every 5e6 s, every 3e4 s, every 1e2 s, and greater than every
1 s) according to their intervals. Raw group data were combined
into five frequencies, calculated from the mean, standard deviation
(SD), and number of participants. To control for homogeneity, only
studies that selected femoral vein velocity as an outcome were
included in the NMA.

Meanwhile, the SEM was converted to SD by counting the
number of participants. The Bayesian method was used as a sta-
tistical method for NMA [22], and it was performed by the “gemtc”
package of R software (version 4.2.1) and OpenBUGS (version 3.2.3)
[23]. Markov chain Monte Carlo (MCMC) simulation is a tool for
Bayesian inference. In this study, we chose the consistency model
and set the number of Markov chains to four with parameters set to
n.adapt ¼ 20,000, n.iter ¼ 50,000, and thin ¼ 1, which is the con-
ventional setting for NMA [16]. Sensitivity analysis forest plots were
examined for homogeneity analysis, while I2 > 50% was defined as
having heterogeneity. Fixed-effects and random-effects models
were selected based on I2 (I2 < 50%: fixed-effects model, I2 � 50%:
random-effects model). The applicability of the NMA results was
tested by nodal analysis as a consistency test with the NMA hy-
pothesis to determine the selection of a consistent or inconsistent
model.

The network plots show a direct comparison between the fre-
quencies of APEs, while the edge thickness of the connected nodes
implies the amount of data. MCMC simulations and convergence
states are tested by trace and density plots, GelmaneRubin statis-
tical plots, and potential size reduction factors (PSRF).

Forest plots allow the graphical comparison of effect sizes by
frequency of APE by NMA. The results are summarized as mean
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difference (MD) and 95% confidence interval (CI). Also, the surface
under the cumulative ranking curve (SUCRA) was used to prioritize
the different frequencies of APE. Subgroup analysis was used ac-
cording to whether the participants were healthy or not. If 10 or
more studies were included in the NMA, funnel plots were gener-
ated to assess publication bias.

Results

Literature selection

A total of 805 studies were initially identified. However, 451
studies were removed due to duplication, three studies were
included from other sources, and 454 studies proceeded to title and
abstract review. Following title and abstract review, nine studies
proceeded to full text review. One study was excluded because it
did not meet the inclusion criteria, and one study was excluded
because we were unable to find the full text. Finally, seven studies
were included [8e14]. The detailed process is shown in Figure 1.

Characteristic of included studies

The characteristics of the included studies are shown in Table 1.
These studies were conducted in China (n ¼ 4) and Japan (n ¼ 3).
Two studies recruited only men, while one study recruited only
women, and the other studies recruited participants of all genders.
The majority of included studies were conducted at universities or
research institutions (71.4%, 5/7), and two studies were conducted
in hospitals (28.6%). A total of 456 participants were included,
ranging from 10 to 307, with a median sample size of 29 (IQR 10 to
63). The included participants included 337 healthy participants, 92

patients with unilateral total hip arthroplasty, and 30 patients with
fractures. We combined 12 frequencies into the 5 previously
described frequencies (Appendix II). A total of 411 participants were
included less than every 10 s, 411 participants were included every
5e6 s, 90 participants were included every 3e4 s, 138 participants
were included every 1e2 s, and 35 participants were included every
1 s or more. All studies reported outcomes for low limb venous
blood flow velocity. One study reported the percentage of calf
muscle hyperemia after APE, and six studies reported the velocity
of lower extremity veins. Four studies reported blood flow velocity
in one lower extremity vein, one study reported two lower ex-
tremity veins, while one study reported three lower extremity
veins. Also, five studies reported on the velocity of blood flow in the
common femoral vein, two studies reported on the velocity of
blood flow in the popliteal vein, one study reported on the velocity
of blood flow in the deep femoral vein, and one study reported on
the velocity of blood flow in the external iliac vein, with three
studies selecting the peak velocity of blood flowas the outcome and
three studies selecting the average velocity of blood flow. The
intervention time of APE ranged from 1 min to 5 min. A total of 12
different frequencies of APE were compared (Appendix I).

Risk of bias assessment

One RCT and six quasi-experimental studies were included. The
ROB in the RCT was low in all domains except allocation bias, which
was assessed as high. In the quasi-experimental study, the ROB was
high for participant homogeneity and complete follow-up, while
the other domains were assessed as low risk. Full details on the ROB
assessment are reported in Appendix III.

Figure 1. PRISMA-NMA Flow Chart.
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Table 1 Characteristics of Included Studies.

Studies Country Study design Research setting N Populations Interventions Original measurement mean
(SD/SEM)

Post-combination
frequencies D mean

(SD)

Fund

Kagaya et al., 1991 Japan Quasi-experimental
study

Research Institute of
Physical Fitness

6 Physically active
women aged 21
e22 years

Extend the ankle joint
to 100� , then relaxed to
return it to 90� , at
frequencies of 20, 40,
60, 80, and 100
contractions/min

Post-exercise hyperemia of calf
muscle
20 times/min:43.9 ± 5.3(SEM)%
40 times/min:44.3 ± 5.8 (SEM)%
60 times/min:53.6 ± 3.8 (SEM)%
80 times/min:47.4 ± 5.9 (SEM)%
100 times/min:60.9 ± 4.3
(SEM)%

Once every 3e4 s:
43.9 ± 12.98%
Once every 1e2 s:
48.95 ± 12.38%
More than once every
1 s: 54.15 ± 13.96%s

Not mentioned

Toya et al., 2016 Japan Quasi-experimental
study

University 10 Men without a history
of cardiovascular
diseases

Repeated dorsiflexion
and plantarflexion with
different frequencies:
15 times/min, 30 times/
min, and 60 times/min.

Peak systolic velocity in the
common femoral vein
Baseline: 19.9 ± 1.9 cm/s
4 s rest exercise:
72.1 ± 10.4(SD)cm/s
2 s rest exercise:
61.0 ± 15.7(SD)cm/s
no rest exercise:
73.7 ± 13.5(SD)cm/s

Once every 3e4 s:
52.2 ± 3.34 cm/s
Once every 1e2 s:
47.45 ± 4.99 cm/s

Not mentioned

Nakayama
et al.,2016

Japan Quasi-experimental
study

Rehabilitation
department of a single
private hospital.

29 Patients with unilateral
total hip arthroplasty

Three different
frequencies of active
ankle movement: 40,
60, and 80 contractions
per minute.

Mean velocity of blood flow in
the profunda femoris
Baseline: 11.9 ± 5.2(SD)cm/s
40 times/min: 20.2 ± 9.2(SD)
cm/s
60 times/min: 29.4 ± 14.4(SD)
cm/s
80 times/min: 26.0 ± 11.5(SD)
cm/s

Once every 1e2 s:
12.90 ± 2.57 cm/s
More than once every
1 s: 14.1 ± 2.34 cm/sa

None

Li et al., 2020 China Quasi-experimental
study

Third Hospital of Hebei
Medical University

30 Patients with non-
lower limb fracture/
patients with limb
fracture

Ankle pump exercise
with different
frequencies: 6 times/
min, 10 times/min, 30
times/min, and 60
times/min.

Time-averaged mean velocity
(TAMV) of the common femoral
venous blood flow patients
with non-lower limb fracture:
Baseline: 19.82 ± 3.86(SD)cm/s
6 times/min: 34.84 ± 8.30(SD)
cm/s
10 times/min: 36.03 ± 9.60(SD)
cm/s
30 times/min: 43.15 ± 9.12(SD)
cm/s
60 times/min:
52.36 ± 11.69(SD)cm/s
Patients with lower limb
fracture:
Baseline: 16.98 ± 3.01(SD)cm/s
6 times/min: 22.20 ± 4.96(SD)
cm/s
10 times/min: 24.01 ± 5.78(SD)
cm/s
30 times/min: 29.20 ± 7.05(SD)
cm/s
60 times/min: 35.75 ± 9.28(SD)
cm/s

Patients with non-
lower limb fracture:
Baseline:
19.82 ± 3.86 cm/s
Less than once every
10 s: 13.96 ± 1.75 cm/s
Once every 5e6 s:
17.24 ± 1.73 cm/s
Once every 1e2 s:
28.18 ± 2.16 cm/s
Patients with lower
limb fracture:
Baseline:
16.98 ± 3.01 cm/s
Less than once every
10 s: 5.22 ± 1.06 cm/s
Once every 5e6 s:
7.03 ± 1.19 cm/s
Once every 1e2 s:
15.50 ± 1.70 cm/s

Yes

Zhao Huanli et al.,
2020

China Quasi-experimental
study

Fourth Clinical Medical
College of Yangzhou
University

63 Patients after unilateral
total hip arthroplasty

Maximum plantar
flexion and dorsiflexion
of the ankle with
different frequencies: 6
times/min, 12 times/

Peak flow velocity of femoral
vein of lower extremity
Baseline: 29.17 ± 3.02(SD)cm/s
6 times/min: 36.20 ± 4.68(SD)
cm/s

Less than once every
10 s: 7.03 ± 0.64 cm/s
Once every 5e6 s:
10.05 ± 0.78 cm/s
Once every 3e4 s:

Yes
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min, 15 times/min, 20
times/min, 30 times/
min, and 60 times/min.

12 times/min: 39.22 ± 5.44(SD)
cm/s
15 times/min: 42.14 ± 6.14(SD)
cm/s
20 times/min: 48.93 ± 6.31(SD)
cm/s
30 times/min: 52.59 ± 6.79(SD)
cm/s
60 times/min: 34.71 ± 5.73(SD)
cm/s

16.37 ± 0.97 cm/s
Once every 1e2 s:
14.48 ± 1.39 cm/s

Zhou Shanshan
et al., 2020

China Quasi-experimental
study

First Hospital of
Nanjing Medical
University

11 Healthy men Ankle pump exercise
with different
frequencies: 5 times/
min, 10 times/min, and
15 times/min.

Peak flow velocity of femoral
vein
Baseline: 33.55 ± 5.67 (SD)cm/s
5 times/min: 45.45 ± 4.95(SD)
cm/s
10 times/min: 52.55 ± 4.08(SD)
cm/s
15 times/min: 56.09 ± 7.66(SD)
cm/s
Peak flow velocity of popliteal
vein
Baseline: 27.36 ± 5.46(SD)cm/s
5 times/min: 31.82 ± 4.90(SD)
cm/s
10 times/min: 41.64 ± 5.67(SD)
cm/s
15 times/min: 42.55 ± 8.30(SD)
cm/s

Less than once every
10 s: 12.54 ± 2.07 cm/s
Once every 5e6 s:
19.00 ± 2.11 cm/s
Once every 3e4 s:
21.73 ± 3.25 cm/s

Yes

Li et al., 2022 China RCT Hospital 307 Healthy adults Ankle pump exercise
with different
frequencies: 3 times/
min and 30 times/min.

Mean velocity of external iliac
vein:
Baseline: 21.36 ± 8.13(SD)cm/s
3 times/min: 25.49 ± 9.21(SD)
cm/s
15 times/min: 25.98 ± 8.96(SD)
cm/s
Mean velocity of femoral vein:
Baseline: 16.21 ± 6.56(SD)cm/s
3 times/min: 19.18 ± 6.96(SD)
cm/s
15 times/min: 18.98 ± 6.63(SD)
cm/s
Mean velocity of popliteal vein:
Baseline: 13.06 ± 5.02(SD)cm/s
3 times/min: 15.12 ± 5.76(SD)
cm/s
15times/min: 15.12 ± 5.27(SD)
cm/s

Less than once every
10 s: 2.97 ± 0.55 cm/s
Once every 3e4 s:
2.77 ± 0.53 cm/s

Yes

Note. SD ¼ standard deviation; SEM ¼ standard error of mean.
a It was excluded for network meta-analysis.
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Network meta-analysis for lower limb hemodynamics

Five studies with a combined total of 421 participants measured
the velocity of the femoral vein (Table 1). In the absence of direct
and indirect comparisons between more than once per second and
other frequencies were excluded in the NMA. Figure 2 shows NMA
plots examining the effect of four different frequencies of APE.

Frequencies of once every 3e4 s and once every 1e2 s were
found to be more effective compared to frequencies of less than
once every 10 s (MD¼ 10.00, 95% CI 5.40e15.00; MD¼ 9.90, 95% CI
5.70e14.00). The frequencies of once every 3e4 s and once every
1e2 s were also found to be more effective compared to once every
5e6 s (MD ¼ 7.30, 95% CI 2.60e12.00; MD ¼ 7.00, 95% CI
2.80e11.00) (Figure 3), with the same results. No other significant
differences in lower extremity hemodynamics could be found
among the different frequencies of APE.

Considering direct and indirect comparisons, a frequency of
every 3e4 s had the best effect on improving lower extremity he-
modynamics (p score ¼ .85). Detailed results for APE frequency
prioritization are presented in Table 2. In addition, subgroup anal-
ysis failed to find a difference between healthy participants and
those with unilateral total hip arthroplasty or fracture
(MD ¼ �0.23, 95% CI �5.92 to 4.61), while the difference between
studies conducted in China and Japan was also not significant
(MD ¼ 14.87, 95% CI �69.55 to 105.90).

The results of the homogeneity analysis showed that hetero-
geneity was clearly present (Appendix IV). The results of the nodal
analysis confirm that there is no inconsistency in the model
(p > .050) (Appendix V). The trace plots, density plots, and Gel-
maneRubin statistical plots showed that MCMC simulations and
convergence were in good condition, while PSRF converged to 1
(Appendices VIeVII). Also, publication bias was not assessed
because fewer than 10 studies were included.

Discussion

To confirm the most effective frequency of APE and establish
evidence-based recommendations for clinical practice, an NMAwas
conducted. A literature search identified 805 studies, and after

removing duplicates, applying inclusion criteria, and completing a
critical appraisal, seven studies were included for analysis. After
direct and indirect comparisons of the NMA, evidence from
different frequencies of APE was integrated, and the most effective
frequency of the NMA was identified.

As an effective exercise to improve lower extremity hemody-
namics [5], APE is popular in clinical care practice in patients lying
in bed to prevent thrombosis [3,4]. However, although some
studies have focused on the frequency selection of APE, there is no
consensus on the frequency of APE. Therefore, there is a need to
explore the most effective frequency of APE to guide clinical prac-
tice and improve the clinical outcomes of APE.

The results of the NMA showed that a frequency of every
3e4 s had the best effect on improving lower extremity hemody-
namics, meaning that a frequency of every 3e4 s performed better
than a frequency of every 1e2 s. This is quite different from previous
studies, which found that faster APE performed better for improving
lower extremity hemodynamics [11,13]. Thismay be because a single
contraction of normal calfmuscles can expel 60e90ml of blood [24],
whereas faster frequency APE can accomplish more contractions at
the same time. Therefore, faster frequency APE can expelmore blood
at the same time. However, slower frequency of APE can increase the
contraction force of calf muscles, which can promote more efficient
venous blood return [11]. Thus, Toya et al found that a frequency of
once every 4 s had a similar effect on lower limb hemodynamics as
exercise without rest [9].

Our findings provide evidence-based recommendations for the
frequency selection of APE in clinical practice, and patients will
achieve the best clinical outcomes with APE at a frequency of every
3e4 s. Meanwhile, previous studies have found that APE every
3e4 s at 15e20 beats per minute has less post-exercise fatigue
comparing to 60 beats per minute and 3 beats per minute [8,11],
suggesting that APE every 3e4 s is clinically feasible and easily
adhered to.

However, our study still contains some limitations. First, most of
the included studies were quasi-experimental studies, and all
participants in these studies experienced all sets of different fre-
quencies [8e14]. Although the effect of APE on lower extremity
hemodynamics is transient and participants experiencing multiple

Figure 2. Network Meta-Analysis Maps of the Studies Examining the Effect of Five Different Frequencies of APE.
Note. The size of the nodes was related to the frequency of APEs that included participants, and the thickness of the lines was related to the number of studies for that comparison.
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frequencies of APE at different times do not lead to inaccurate re-
sults, more RCTs are still needed. Moreover, all included studies
were conducted in Asia, and there is a lack of data from other
continents. We also searched Chinese local data, while the lack of
local data of other countries. Third, the sample size of the included
studies was limited. With the exception of one study with 307
participants, the number of participants in the other studies ranged
from 6 to 63, which may increase the risk of false positive results in
primary studies.

Conclusion

In this study, we provided evidenced-based recommendations
for the clinical practice and standardization of APE through the
NMA. APE every 3e4 s at 15e20 beats per minute is most effective
in improving lower extremity hemodynamics with less post-
exercise fatigue and should be recommended for widespread
implementation in clinical practice.
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s u m m a r y

Purpose: Ankle pump exercises (APE) have been widely used in clinical practice. However, best practices
for APE have not been established. Recognize the most effective frequency of APE for improving lower
extremity hemodynamics and establish recommendations in clinical practice.
Methods: Therefore, a systematic review and network meta-analysis (NMA) was performed according to
PRISMA-NMA. Six English databases (Pubmed, Medline, CINAHL, Embase, the Cochrane library and
ProQuest) and four Chinese databases (CNKI, Wanfang, VIP and Sinomed) were searched. Randomized
controlled trials (RCTs) and quasi-experimental studies investigating the effects of different frequencies
of APE on lower limb hemodynamics published before July 2022 were included. The reference list was
also searched. Seven studies (one RCTs and six quasi-experimental studies) were included in the sys-
tematic review and five studies (one RCTs and four quasi-experimental studies) were included in the
NMA. The risk of bias was assessed using the Cochrane and Joanna Briggs Institute tools. The NMA was
performed using the R software (version 4.2.1) and OpenBUGS (version 3.2.3).
Results: The results of the NMA showed that a frequency of every 3e4 s the most effective in improving
lower extremity hemodynamics (P ¼.85), followed by every 1e2 s (P ¼ .81), every 5e6 s (P¼.32) and less
than every 10 s (P ¼.02). Subgroup analysis failed to find a difference between healthy participants and
those with unilateral total hip arthroplasty or fracture (MD ¼ �0.23, 95% CI-5.92 to 4.61).
Conclusions: Consequencely, for adult patients, with or without lower extremity disease, a frequency of
every 3e4 s can be recommended as the optimal frequency of APE in clinical care practice.
Registered number on PROSPERO: CRD42022349365.
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID¼349365.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Ankle pump exercise (APE), an exercise performed through
plantar flexion and dorsiflexion of the ankle joint, promotes venous

blood return to the lower extremities by contracting and relaxing
the calf muscles [1,2] and is recommended as an effective method
for preventing venous thromboembolism (VTE) [3e5]. In addition,
APE improves calf muscle pump function and reduces venous sta-
sis, which is beneficial in patients with chronic venous insufficiency
(CVI) and venous leg ulcers (VLUs) [6,7]. However, the most effec-
tive frequency of APE has not been determined [8,9].

Traditional APE recommends holding plantarflexion and dorsi-
flexion for 10 s at a time, which corresponds to a frequency of 3
beats/min [8]. However, faster APE frequencies have recently been
found to be more effective in accelerating blood flow velocity in the
lower extremities, ranging from 6 to 100 beats/min [8e14]. Vali-
dating the most effective frequency for APE is difficult due to the

Xin Wang: https://orcid.org/0000-0002-0138-6297; Rongsong Tang: https://orcid.
org/0000-0003-4546-950X; Heli Zhang: https://orcid.org/0000-0001-6075-227X;
Fan Li: https://orcid.org/0000-0002-6763-0467; Jing Wang: https://orcid.org/0000-
0002-5023-5591; Baohua Li: https://orcid.org/0000-0002-2498-2390
* Correspondence to: Baohua Li, Nursing Department, Peking University Third

Hospital, Huayuan North Road No. 49, Haidian District, Beijing, China.
E-mail address: lianglbh@126.com

* Xin Wang and Rongsong Tang have contributed equally to this work and share
first authorship.

Contents lists available at ScienceDirect

Asian Nursing Research

journal homepage: www.asian-nursingresearch.com

https://doi.org/10.1016/j.anr.2023.03.001
p1976-1317 e2093-7482/© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Asian Nursing Research 17 (2023) 53e60

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=349365
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=349365
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-0138-6297
https://orcid.org/0000-0003-4546-950X
https://orcid.org/0000-0003-4546-950X
https://orcid.org/0000-0001-6075-227X
https://orcid.org/0000-0002-6763-0467
https://orcid.org/0000-0002-5023-5591
https://orcid.org/0000-0002-5023-5591
https://orcid.org/0000-0002-2498-2390
mailto:lianglbh@126.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anr.2023.03.001&domain=pdf
www.sciencedirect.com/science/journal/19761317
http://www.asian-nursingresearch.com
https://doi.org/10.1016/j.anr.2023.03.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.anr.2023.03.001
https://doi.org/10.1016/j.anr.2023.03.001


wide range of frequencies and inconsistent results. There are no
evidence-based studies to aid decision-making in clinical practice.

Traditional meta-analysis methods compare only two fre-
quencies at a time, making it difficult to answer the question of
which frequency is most effective [15]. Network meta-analysis
(NMA), a technique that compares multiple treatments simulta-
neously in a single analysis by combining direct and indirect evi-
dence [16], may be more appropriate for determining the best APE
frequency from a variety of different frequencies.

Therefore, the objectives of this systematic review were to [1]
recognize the most effective frequency of APE for improving lower
extremity hemodynamics through an NMA and [2] establish rec-
ommendations for the frequency selection of APE in clinical care
practice.

Methods

Registration

This systematic review and NMA is based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA-NMA) guidelines for extended reporting of NMAs [17].
The study protocol has been registered and updated on PROSPERO,
an international systematic review prospective registry (ID:
CRD42022349365).

Search strategy

Six English databases (Pubmed, Medline, CINAHL, Embase, the
Cochrane library, and ProQuest) and four Chinese databases (CNKI,
Wanfang, VIP, and SINOMED) were searched. The search strategy
was established based on the PICOS tool: (P) population: adults (age
�18 years) treated with APE; (I&C) interventions and comparators:
different frequencies of APE; (O) outcomes: lower extremity he-
modynamics; (S) studies: randomized controlled trials (RCTs) and
quasi-experimental studies. For example, on Medline, search for
“AB (ankle pump exercise or functional *training* or functional
*exercise* or ankle motion or ankle plantarflexion or ankle valgus)
and AB (frequency or number) and AB (lower extremity hemody-
namics or blood flow rate or blood volume or venous blood re-
turn)". In addition to the database search, the reference lists of
included studies were screened according to the inclusion criteria.

Inclusion criteria

RCTs and quasi-experimental studies conforming to the afore-
mentioned PICOS, published by July 2022, written in English or
Chinese, and peer-reviewed were included regardless of sample
size. The frequency of APEwas defined as any description that could
indicate the number of APEs per minute or the interval between
APEs. Low limb venous flow velocities, i.e., the velocity of blood in a
specific vein, were used to measure lower limb hemodynamics and
were assessed by a digital color Doppler ultrasound diagnostic
system. For example, the time-averaged maximum flow velocity in
the femoral vein is approximately 12.7 to 13.6 cm/s in the head-up
position at rest [18,19].

Study selection

Two independent reviewers (X.W. and R.S.T.) screened the
retrieved articles through Endnote X9 literature management
software. Study selection consisted of three stages, evaluating ar-
ticles in terms of title, abstract, and full text, respectively. Any
disagreements were resolved through discussions between two

reviewers or a third reviewer (B.H.L.). If necessary, a broader team
meeting will be held to resolve disagreements.

Data extraction

A standardized data extraction form was used with two inde-
pendent reviewers (X.W.& R.S.T.) to record data, including authors,
year of publication, country, study design, study setting, sample
size, population, intervention, measurements, funds, and differ-
ences in low limb venous flow velocity before and after APE.

Quality appraisal

Two independent reviewers (X.W. and R.S.T.) assessed the
quality of eligible studies. For RCTs, the Cochrane Handbook version
5.2.0, which contains 13 items to assess the risk of bias (ROB), was
used. The 13 items assessed performance bias, detection bias,
attrition bias, and reporting bias, and assessed whether there were
systematic differences in the care provided, outcome assessment,
loss of participants between comparison groups, and the presence
of selective reporting [20]. Trials were also categorized into three
levels based on the presence of ROBs described in 13 items: high
risk (five or more), moderate risk (three or four), and low risk (two
or less). For quasi-experimental studies, the Joanna Briggs Institute
(JBI) quality assessment tool, which consists of nine items, was used
to assess ROB in multiple ways [21]. After discussion by the study
team, studies that measured comparative outcomes in an incon-
sistent and unreliable manner were excluded.

Data analysis

Descriptive analyses included trials, characterized by different
APE frequencies, and summarized the contribution to the overall
evidence. Considering the similar and varying frequencies of APE,
which can be supervisedwith a timer in order to facilitate in clinical
practice, we classified APE into five frequencies (less than every
10 s, every 5e6 s, every 3e4 s, every 1e2 s, and greater than every
1 s) according to their intervals. Raw group data were combined
into five frequencies, calculated from the mean, standard deviation
(SD), and number of participants. To control for homogeneity, only
studies that selected femoral vein velocity as an outcome were
included in the NMA.

Meanwhile, the SEM was converted to SD by counting the
number of participants. The Bayesian method was used as a sta-
tistical method for NMA [22], and it was performed by the “gemtc”
package of R software (version 4.2.1) and OpenBUGS (version 3.2.3)
[23]. Markov chain Monte Carlo (MCMC) simulation is a tool for
Bayesian inference. In this study, we chose the consistency model
and set the number of Markov chains to four with parameters set to
n.adapt ¼ 20,000, n.iter ¼ 50,000, and thin ¼ 1, which is the con-
ventional setting for NMA [16]. Sensitivity analysis forest plots were
examined for homogeneity analysis, while I2 > 50% was defined as
having heterogeneity. Fixed-effects and random-effects models
were selected based on I2 (I2 < 50%: fixed-effects model, I2 � 50%:
random-effects model). The applicability of the NMA results was
tested by nodal analysis as a consistency test with the NMA hy-
pothesis to determine the selection of a consistent or inconsistent
model.

The network plots show a direct comparison between the fre-
quencies of APEs, while the edge thickness of the connected nodes
implies the amount of data. MCMC simulations and convergence
states are tested by trace and density plots, GelmaneRubin statis-
tical plots, and potential size reduction factors (PSRF).

Forest plots allow the graphical comparison of effect sizes by
frequency of APE by NMA. The results are summarized as mean
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difference (MD) and 95% confidence interval (CI). Also, the surface
under the cumulative ranking curve (SUCRA) was used to prioritize
the different frequencies of APE. Subgroup analysis was used ac-
cording to whether the participants were healthy or not. If 10 or
more studies were included in the NMA, funnel plots were gener-
ated to assess publication bias.

Results

Literature selection

A total of 805 studies were initially identified. However, 451
studies were removed due to duplication, three studies were
included from other sources, and 454 studies proceeded to title and
abstract review. Following title and abstract review, nine studies
proceeded to full text review. One study was excluded because it
did not meet the inclusion criteria, and one study was excluded
because we were unable to find the full text. Finally, seven studies
were included [8e14]. The detailed process is shown in Figure 1.

Characteristic of included studies

The characteristics of the included studies are shown in Table 1.
These studies were conducted in China (n ¼ 4) and Japan (n ¼ 3).
Two studies recruited only men, while one study recruited only
women, and the other studies recruited participants of all genders.
The majority of included studies were conducted at universities or
research institutions (71.4%, 5/7), and two studies were conducted
in hospitals (28.6%). A total of 456 participants were included,
ranging from 10 to 307, with a median sample size of 29 (IQR 10 to
63). The included participants included 337 healthy participants, 92

patients with unilateral total hip arthroplasty, and 30 patients with
fractures. We combined 12 frequencies into the 5 previously
described frequencies (Appendix II). A total of 411 participants were
included less than every 10 s, 411 participants were included every
5e6 s, 90 participants were included every 3e4 s, 138 participants
were included every 1e2 s, and 35 participants were included every
1 s or more. All studies reported outcomes for low limb venous
blood flow velocity. One study reported the percentage of calf
muscle hyperemia after APE, and six studies reported the velocity
of lower extremity veins. Four studies reported blood flow velocity
in one lower extremity vein, one study reported two lower ex-
tremity veins, while one study reported three lower extremity
veins. Also, five studies reported on the velocity of blood flow in the
common femoral vein, two studies reported on the velocity of
blood flow in the popliteal vein, one study reported on the velocity
of blood flow in the deep femoral vein, and one study reported on
the velocity of blood flow in the external iliac vein, with three
studies selecting the peak velocity of blood flowas the outcome and
three studies selecting the average velocity of blood flow. The
intervention time of APE ranged from 1 min to 5 min. A total of 12
different frequencies of APE were compared (Appendix I).

Risk of bias assessment

One RCT and six quasi-experimental studies were included. The
ROB in the RCT was low in all domains except allocation bias, which
was assessed as high. In the quasi-experimental study, the ROB was
high for participant homogeneity and complete follow-up, while
the other domains were assessed as low risk. Full details on the ROB
assessment are reported in Appendix III.

Figure 1. PRISMA-NMA Flow Chart.
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Table 1 Characteristics of Included Studies.

Studies Country Study design Research setting N Populations Interventions Original measurement mean
(SD/SEM)

Post-combination
frequencies D mean

(SD)

Fund

Kagaya et al., 1991 Japan Quasi-experimental
study

Research Institute of
Physical Fitness

6 Physically active
women aged 21
e22 years

Extend the ankle joint
to 100� , then relaxed to
return it to 90� , at
frequencies of 20, 40,
60, 80, and 100
contractions/min

Post-exercise hyperemia of calf
muscle
20 times/min:43.9 ± 5.3(SEM)%
40 times/min:44.3 ± 5.8 (SEM)%
60 times/min:53.6 ± 3.8 (SEM)%
80 times/min:47.4 ± 5.9 (SEM)%
100 times/min:60.9 ± 4.3
(SEM)%

Once every 3e4 s:
43.9 ± 12.98%
Once every 1e2 s:
48.95 ± 12.38%
More than once every
1 s: 54.15 ± 13.96%s

Not mentioned

Toya et al., 2016 Japan Quasi-experimental
study

University 10 Men without a history
of cardiovascular
diseases

Repeated dorsiflexion
and plantarflexion with
different frequencies:
15 times/min, 30 times/
min, and 60 times/min.

Peak systolic velocity in the
common femoral vein
Baseline: 19.9 ± 1.9 cm/s
4 s rest exercise:
72.1 ± 10.4(SD)cm/s
2 s rest exercise:
61.0 ± 15.7(SD)cm/s
no rest exercise:
73.7 ± 13.5(SD)cm/s

Once every 3e4 s:
52.2 ± 3.34 cm/s
Once every 1e2 s:
47.45 ± 4.99 cm/s

Not mentioned

Nakayama
et al.,2016

Japan Quasi-experimental
study

Rehabilitation
department of a single
private hospital.

29 Patients with unilateral
total hip arthroplasty

Three different
frequencies of active
ankle movement: 40,
60, and 80 contractions
per minute.

Mean velocity of blood flow in
the profunda femoris
Baseline: 11.9 ± 5.2(SD)cm/s
40 times/min: 20.2 ± 9.2(SD)
cm/s
60 times/min: 29.4 ± 14.4(SD)
cm/s
80 times/min: 26.0 ± 11.5(SD)
cm/s

Once every 1e2 s:
12.90 ± 2.57 cm/s
More than once every
1 s: 14.1 ± 2.34 cm/sa

None

Li et al., 2020 China Quasi-experimental
study

Third Hospital of Hebei
Medical University

30 Patients with non-
lower limb fracture/
patients with limb
fracture

Ankle pump exercise
with different
frequencies: 6 times/
min, 10 times/min, 30
times/min, and 60
times/min.

Time-averaged mean velocity
(TAMV) of the common femoral
venous blood flow patients
with non-lower limb fracture:
Baseline: 19.82 ± 3.86(SD)cm/s
6 times/min: 34.84 ± 8.30(SD)
cm/s
10 times/min: 36.03 ± 9.60(SD)
cm/s
30 times/min: 43.15 ± 9.12(SD)
cm/s
60 times/min:
52.36 ± 11.69(SD)cm/s
Patients with lower limb
fracture:
Baseline: 16.98 ± 3.01(SD)cm/s
6 times/min: 22.20 ± 4.96(SD)
cm/s
10 times/min: 24.01 ± 5.78(SD)
cm/s
30 times/min: 29.20 ± 7.05(SD)
cm/s
60 times/min: 35.75 ± 9.28(SD)
cm/s

Patients with non-
lower limb fracture:
Baseline:
19.82 ± 3.86 cm/s
Less than once every
10 s: 13.96 ± 1.75 cm/s
Once every 5e6 s:
17.24 ± 1.73 cm/s
Once every 1e2 s:
28.18 ± 2.16 cm/s
Patients with lower
limb fracture:
Baseline:
16.98 ± 3.01 cm/s
Less than once every
10 s: 5.22 ± 1.06 cm/s
Once every 5e6 s:
7.03 ± 1.19 cm/s
Once every 1e2 s:
15.50 ± 1.70 cm/s

Yes

Zhao Huanli et al.,
2020

China Quasi-experimental
study

Fourth Clinical Medical
College of Yangzhou
University

63 Patients after unilateral
total hip arthroplasty

Maximum plantar
flexion and dorsiflexion
of the ankle with
different frequencies: 6
times/min, 12 times/

Peak flow velocity of femoral
vein of lower extremity
Baseline: 29.17 ± 3.02(SD)cm/s
6 times/min: 36.20 ± 4.68(SD)
cm/s

Less than once every
10 s: 7.03 ± 0.64 cm/s
Once every 5e6 s:
10.05 ± 0.78 cm/s
Once every 3e4 s:

Yes
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min, 15 times/min, 20
times/min, 30 times/
min, and 60 times/min.

12 times/min: 39.22 ± 5.44(SD)
cm/s
15 times/min: 42.14 ± 6.14(SD)
cm/s
20 times/min: 48.93 ± 6.31(SD)
cm/s
30 times/min: 52.59 ± 6.79(SD)
cm/s
60 times/min: 34.71 ± 5.73(SD)
cm/s

16.37 ± 0.97 cm/s
Once every 1e2 s:
14.48 ± 1.39 cm/s

Zhou Shanshan
et al., 2020

China Quasi-experimental
study

First Hospital of
Nanjing Medical
University

11 Healthy men Ankle pump exercise
with different
frequencies: 5 times/
min, 10 times/min, and
15 times/min.

Peak flow velocity of femoral
vein
Baseline: 33.55 ± 5.67 (SD)cm/s
5 times/min: 45.45 ± 4.95(SD)
cm/s
10 times/min: 52.55 ± 4.08(SD)
cm/s
15 times/min: 56.09 ± 7.66(SD)
cm/s
Peak flow velocity of popliteal
vein
Baseline: 27.36 ± 5.46(SD)cm/s
5 times/min: 31.82 ± 4.90(SD)
cm/s
10 times/min: 41.64 ± 5.67(SD)
cm/s
15 times/min: 42.55 ± 8.30(SD)
cm/s

Less than once every
10 s: 12.54 ± 2.07 cm/s
Once every 5e6 s:
19.00 ± 2.11 cm/s
Once every 3e4 s:
21.73 ± 3.25 cm/s

Yes

Li et al., 2022 China RCT Hospital 307 Healthy adults Ankle pump exercise
with different
frequencies: 3 times/
min and 30 times/min.

Mean velocity of external iliac
vein:
Baseline: 21.36 ± 8.13(SD)cm/s
3 times/min: 25.49 ± 9.21(SD)
cm/s
15 times/min: 25.98 ± 8.96(SD)
cm/s
Mean velocity of femoral vein:
Baseline: 16.21 ± 6.56(SD)cm/s
3 times/min: 19.18 ± 6.96(SD)
cm/s
15 times/min: 18.98 ± 6.63(SD)
cm/s
Mean velocity of popliteal vein:
Baseline: 13.06 ± 5.02(SD)cm/s
3 times/min: 15.12 ± 5.76(SD)
cm/s
15times/min: 15.12 ± 5.27(SD)
cm/s

Less than once every
10 s: 2.97 ± 0.55 cm/s
Once every 3e4 s:
2.77 ± 0.53 cm/s

Yes

Note. SD ¼ standard deviation; SEM ¼ standard error of mean.
a It was excluded for network meta-analysis.
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Network meta-analysis for lower limb hemodynamics

Five studies with a combined total of 421 participants measured
the velocity of the femoral vein (Table 1). In the absence of direct
and indirect comparisons between more than once per second and
other frequencies were excluded in the NMA. Figure 2 shows NMA
plots examining the effect of four different frequencies of APE.

Frequencies of once every 3e4 s and once every 1e2 s were
found to be more effective compared to frequencies of less than
once every 10 s (MD¼ 10.00, 95% CI 5.40e15.00; MD¼ 9.90, 95% CI
5.70e14.00). The frequencies of once every 3e4 s and once every
1e2 s were also found to be more effective compared to once every
5e6 s (MD ¼ 7.30, 95% CI 2.60e12.00; MD ¼ 7.00, 95% CI
2.80e11.00) (Figure 3), with the same results. No other significant
differences in lower extremity hemodynamics could be found
among the different frequencies of APE.

Considering direct and indirect comparisons, a frequency of
every 3e4 s had the best effect on improving lower extremity he-
modynamics (p score ¼ .85). Detailed results for APE frequency
prioritization are presented in Table 2. In addition, subgroup anal-
ysis failed to find a difference between healthy participants and
those with unilateral total hip arthroplasty or fracture
(MD ¼ �0.23, 95% CI �5.92 to 4.61), while the difference between
studies conducted in China and Japan was also not significant
(MD ¼ 14.87, 95% CI �69.55 to 105.90).

The results of the homogeneity analysis showed that hetero-
geneity was clearly present (Appendix IV). The results of the nodal
analysis confirm that there is no inconsistency in the model
(p > .050) (Appendix V). The trace plots, density plots, and Gel-
maneRubin statistical plots showed that MCMC simulations and
convergence were in good condition, while PSRF converged to 1
(Appendices VIeVII). Also, publication bias was not assessed
because fewer than 10 studies were included.

Discussion

To confirm the most effective frequency of APE and establish
evidence-based recommendations for clinical practice, an NMAwas
conducted. A literature search identified 805 studies, and after

removing duplicates, applying inclusion criteria, and completing a
critical appraisal, seven studies were included for analysis. After
direct and indirect comparisons of the NMA, evidence from
different frequencies of APE was integrated, and the most effective
frequency of the NMA was identified.

As an effective exercise to improve lower extremity hemody-
namics [5], APE is popular in clinical care practice in patients lying
in bed to prevent thrombosis [3,4]. However, although some
studies have focused on the frequency selection of APE, there is no
consensus on the frequency of APE. Therefore, there is a need to
explore the most effective frequency of APE to guide clinical prac-
tice and improve the clinical outcomes of APE.

The results of the NMA showed that a frequency of every
3e4 s had the best effect on improving lower extremity hemody-
namics, meaning that a frequency of every 3e4 s performed better
than a frequency of every 1e2 s. This is quite different from previous
studies, which found that faster APE performed better for improving
lower extremity hemodynamics [11,13]. Thismay be because a single
contraction of normal calfmuscles can expel 60e90ml of blood [24],
whereas faster frequency APE can accomplish more contractions at
the same time. Therefore, faster frequency APE can expelmore blood
at the same time. However, slower frequency of APE can increase the
contraction force of calf muscles, which can promote more efficient
venous blood return [11]. Thus, Toya et al found that a frequency of
once every 4 s had a similar effect on lower limb hemodynamics as
exercise without rest [9].

Our findings provide evidence-based recommendations for the
frequency selection of APE in clinical practice, and patients will
achieve the best clinical outcomes with APE at a frequency of every
3e4 s. Meanwhile, previous studies have found that APE every
3e4 s at 15e20 beats per minute has less post-exercise fatigue
comparing to 60 beats per minute and 3 beats per minute [8,11],
suggesting that APE every 3e4 s is clinically feasible and easily
adhered to.

However, our study still contains some limitations. First, most of
the included studies were quasi-experimental studies, and all
participants in these studies experienced all sets of different fre-
quencies [8e14]. Although the effect of APE on lower extremity
hemodynamics is transient and participants experiencing multiple

Figure 2. Network Meta-Analysis Maps of the Studies Examining the Effect of Five Different Frequencies of APE.
Note. The size of the nodes was related to the frequency of APEs that included participants, and the thickness of the lines was related to the number of studies for that comparison.
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frequencies of APE at different times do not lead to inaccurate re-
sults, more RCTs are still needed. Moreover, all included studies
were conducted in Asia, and there is a lack of data from other
continents. We also searched Chinese local data, while the lack of
local data of other countries. Third, the sample size of the included
studies was limited. With the exception of one study with 307
participants, the number of participants in the other studies ranged
from 6 to 63, which may increase the risk of false positive results in
primary studies.

Conclusion

In this study, we provided evidenced-based recommendations
for the clinical practice and standardization of APE through the
NMA. APE every 3e4 s at 15e20 beats per minute is most effective
in improving lower extremity hemodynamics with less post-
exercise fatigue and should be recommended for widespread
implementation in clinical practice.
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Purpose: To evaluate the incidence and identify the risk factors for radiotherapy-induced oral mucositis
among patients with nasopharyngeal carcinoma.
Methods: A meta-analysis was conducted. Eight electronic databases (Medline, Embase, Cochrane Li-
brary, CINAHL Plus with Full Text, Web of Science, China National Knowledge Infrastructure, Wanfang
Database, and Chinese Scientific Journals Database) were systematically searched from inception to 4
March 2023 for relevant studies. Study selection and data extraction were conducted by two indepen-
dent authors. The Newcastle‒Ottawa scale was used for quality assessment among the included studies.
Data synthesis and analyses were performed in R software package version 4.1.3 and Review Manager
Software 5.4. The pooled incidence was calculated using proportions with 95% confidence intervals (CIs),
and the risk factors were evaluated using the odds ratio (OR) with 95% CIs. Sensitivity analysis and
predesigned subgroup analyses were also conducted.
Results: A total of 22 studies published from 2005 to 2023 were included. The results of the meta-
analysis showed that the incidence of radiotherapy-induced oral mucositis was 99.0% among nasopha-
ryngeal carcinoma patients, and the incidence of severe radiotherapy-induced oral mucositis was 52.0%.
Poor oral hygiene, overweight before radiotherapy, oral pH < 7.0, the use of oral mucosal protective
agents, smoking, drinking, combined chemotherapy, and the use of antibiotics at early treatment stage
are risk factors for severe radiotherapy-induced oral mucositis. Sensitivity analysis and subgroup ana-
lyses also revealed that our results are stable and reliable.
Conclusions: Almost all patients with nasopharyngeal carcinoma have suffered from radiotherapy-
induced oral mucositis, and more than half of patients have experienced severe oral mucositis. Facili-
tating oral health might be the key focus of reducing the incidence and severity of radiotherapy-induced
oral mucositis among nasopharyngeal carcinoma patients.
Registration number: CRD42022322035.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Nasopharyngeal carcinoma is the most common type of oto-
rhinolaryngeal carcinoma, with 133354 new cases and 80008

deaths in 2020 [1]. Due to the deep-seated anatomic location and
high sensitivity to ionizing radiation, radiotherapy is the mainstay
treatment modality for patients with nasopharyngeal carcinoma.
The radiotherapy techniques have progressed from conventional
two-dimensional radiotherapy to 3D conformal radiotherapy and
then to intensity-modulated radiotherapy over time. The locore-
gional control and survival have been enhanced by the parallel
improved dosimetric properties [2]. Despite improvements in the
radiotherapy techniques, the ongoing and intensive irradiation that
is requiredmight still cause the normal tissues around the tumor to
suffer from a series of acute and chronic radiation toxicities, which
lead patients to experience various treatment-related problems
and poor quality of life [3]. Radiotherapy-induced oral mucositis is
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the most frequent and distressing radiation complication, with an
incidence ranging from 85.0% to 100.0% among patients with head
and neck cancer during therapy [4,5]. Great attention to this un-
pleasant complication is needed.

Radiotherapy-induced oralmucositis refers to erythematous and
painful ulcerative lesions of the oral mucosa and is observed in pa-
tients who are treatedwith radiotherapy combinedwith or without
chemotherapy [6]. The main symptoms of oral mucositis may range
frommild discomfort and erythema topainful erythema, and edema
and ulcerations [7]. The presence of severe radiotherapy-induced
oral mucositis can have detrimental effects on patients’ daily func-
tioningandqualityof life: unable toeat, drink, and talkdue topainful
ulceration, ultimately leading to weight loss, nutritional de-
ficiencies, secondary infections, extended length of hospital stay,
and increased associated economic costs [8]. What is worse, severe
radiotherapy-induced oral mucositis might lead to dose reduction
and treatment interruption, which could adversely affect the treat-
ment effects and disease prognosis [9]. At present, the optimal
prevention and treatment regimens for radiotherapy-induced oral
mucositis areunclear [10]. Althougha rangeof treatmentshavebeen
used for oral mucositis, such as palifermin, growth factor, cryo-
therapy, and low-level laser treatment, no treatment is fullyeffective
[11]. Active precaution for a complication beforehand ismuch easier
and cheaper than treating it, and preventive strategies directed to-
wards the risk factors for oral mucositis might effectively decrease
the incidence of these complications [12]. Therefore, it is urgent and
necessary to determine the risk factors and accordingly develop
targeted preventive measures of radiotherapy-induced oral muco-
sitis among patients with nasopharyngeal carcinoma.

Currently, studies on radiotherapy-induced oral mucositis are
mainly interventional studies that focus on symptom treatment and
the effectiveness of these treatment measures [8,13]. There are only
a small numberof studies exploring the risk factors for radiotherapy-
induced oral mucositis, and the limited studies are mostly focused
on patients with head and neck cancer (such as oral cancer and
oropharyngeal cancer) [14,15]. Although originating from similar
cell or tissue lineages, nasopharyngeal carcinoma is distinctly
different fromotherepithelial headandneck cancers [2]. In addition,
the results of existing limited studies are inconsistent. For instance,
Xu et al. [16] included 166 patients with nasopharyngeal carcinoma
and found that smoking, poor oral hygiene, oral pH less than 7.0, and
chemotherapy were risk factors for radiotherapy-induced oral
mucositis. Dong et al. [17] explored the risk factors among 116 pa-
tients and found that smoking, oral pH less than 6.5, concurrent
chemotherapy, and oral irradiation dose more than 32 Gy might
contribute to the development of radiotherapy-induced oral
mucositis. In addition, the incidence of severe radiotherapy-induced
oral mucositis has varied in different studies, with a range from 30%
to 100% [18,19]. To the best of our knowledge, no study has sys-
tematically explored the incidence and risk factors for radiotherapy-
induced oral mucositis and its incidence among patients with
nasopharyngeal carcinoma. Therefore, the objectives of our study
are to (1) identify the incidence of radiotherapy-induced oral
mucositis among patients with nasopharyngeal carcinoma, (2)
explore the possible risk factors for severe radiotherapy-induced
oral mucositis in nasopharyngeal carcinoma patients, and (3) pro-
vide evidence-based references for developing targeted preventive
measures of radiotherapy-induced oral mucositis.

Methods

This meta-analysis was registered with International Prospec-
tive Register of Systematic Reviews (http://www.crd.york.ac.uk/
PROSPERO), and it was performed and reported according to the

updated Preferred Reporting Items for Systematic Review and
Meta-analyses (PRISMA2020) guidelines [20].

Eligibility criteria

Two authors independently screened and selected all literature.
Studies were included if they met the following inclusion criteria:
(1) participants were patients diagnosed with nasopharyngeal
carcinoma, aged over 18 years, and received radiotherapy; (2) the
exact diagnostic criteria for radiotherapy-induced oral mucositis
were available; (3) the incidence or risk factors for radiotherapy-
induced oral mucositis were reported; (4) the research types
were observational including cross-sectional studies, case-control
studies, and cohort studies; and (5) the study language was En-
glish or Chinese. The exclusion criteria were as follows: (1) studies
did not provide complete data; (2) the full-text of the study was
unavailable; and (3) studies were conference abstracts, disserta-
tions, study protocols, and duplicate reports.

Data sources and search strategies

Eight electronic databases, including Medline, Embase,
Cochrane Library, CINAHL Plus with Full Text, Web of Science, China
National Knowledge Infrastructure (CNKI), Wanfang Database, and
Chinese Scientific Journals Database (VIP), were searched from
inception to 4 March 2023 for all possible literature. The search
strategies were established by using medical subject headings
(MeSH) terms, text word searches, and Boolean calculation
searches (see supplemental material Table 1). For instance, in
Medline of Ovid, the search terms were as follows: Nasopharyngeal
neoplasms [Mesh] or “nasopharyngeal neoplasms” or “naso-
pharynx cancer” or “nasopharyngeal cancer” or “nasopharynx
neoplasms” or “nasopharyngeal carcinoma” or NPC OR (naso-
pharynx [Mesh] or nasopharynx or nasopharyngeal or nasophar-
yngitis * or rhinopharyngitis * or choanae) and (neoplasms [Mesh]
or carcinoma* or cancer* or neoplasm* or tumor* or tumour* or
malignancy* or onco*)), and “radiation-induced oral mucositis” or
“radiotherapy oral mucositis” or RTOM or ((radiotherapy [Mesh] or
radiotherapy* or irradiation* or “radiation therapy”) and (Stoma-
titis [Mesh] or “oral mucositis” or stomatitis or stomatitides or
oromucositis or oromucositides or (oral and (mucositis [Mesh] or
mucositis or mucositides or mucosa inflammation). Additionally,
the searches were limited to human adults, published in English or
Chinese. The reference lists of the relevant studies were also
screened for potentially relevant articles.

Study selection and data extraction

The reference management software EndNote X9 was used for
data management. After removing duplicates, two authors inde-
pendently screened the titles and abstracts of all citations in
accordance with the inclusion and exclusion criteria. Then, the full-
texts of citations were retrieved when considered potentially
relevant by either investigator. Each article was evaluated by two
independent authors for final study inclusion based on the eligi-
bility criteria. The reference lists of the included studies were also
screened for additional possible studies. Disagreements during the
selection process were resolved by discussion or consultation with
the third author.

Two independent authors extracted relevant data from the
included studies using predesigned data collection forms. The
following datawere collected: the study author, date of publication,
study site, study design, sample size, number of female and male
patients, mean age, cancer stage, treatment regimen, diagnostic
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criteria, incidence of radiotherapy-induced oral mucositis, and
assessed risk factors.

Quality assessment

Quality assessment was conducted by two independent authors.
No cross-sectional studies were included in this study, and the
quality of case‒control studies and cohort studies was assessed
using the Newcastle‒Ottawa scale [21]. The scale evaluated the
quality of the study from three domains: selection of subjects,

comparability of study groups, and ascertainment of the exposure
or outcome. The total score of the scale ranges from 0 to 9, with
scores of 0‒3, 4‒6, and 7‒9 indicating low, moderate, and high
quality of each study, respectively.

Data synthesis and analysis

We used R software package version 4.1.3 and Review Manager
Software 5.4 for the heterogeneity test and quantitative data syn-
thesis. Heterogeneity among the included studies was evaluated

Figure 1. Flow Diagram of Study Selection. CNKI ¼ China National Knowledge Infrastructure, VIP ¼ Chinese Scientific Journals Database, NPC ¼ nasopharyngeal carcinoma, RTOM ¼
Radiotherapy-Induced Oral Mucositis.
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using Cochrane's Q statistic, and the I2 statistic and p value were
used to assess the degree of heterogeneity. I2 � 50% and a p
value > .050 were regarded as indicating low heterogeneity and a
fixed effect model was used to pool the results; otherwise, a
random effect model was used to obtain more conservative pooled
results. The incidence of radiotherapy-induced oral mucositis was
presented as the proportionwith 95% confidence intervals (CIs) and
analysed using the Freeman-Turkey double-arcsine transformation
random-effects model [22] in R software package version 4.1.3. The
risk factors of severe radiotherapy-induced oral mucositis were
determined by odds ratio (ORs) with 95% CIs in Review Manager
Software 5.4. A two-sided p value less than .050 was used to indi-
cate a statistically significant difference. In addition, predesigned
subgroup analyses were performed according to the study char-
acteristics and the different severities of oral mucositis. A sensi-
tivity analysis was also conducted to test the stability and reliability
of the pooled results of incidence and risk factors. Finally, a funnel
plot and Egger's linear regression (p < .100 was considered as sig-
nificant) method were used to evaluate the publication bias.

Results

Study selection

Our study selection process is presented in Fig. 1. A total of 1453
records were retrieved from eight electronic databases. After
removing the duplicates (n ¼ 392), another 1020 records were
excluded according to the titles and abstracts because the partici-
pants were not patients with nasopharyngeal carcinoma (n ¼ 148),
the studies were not related to radiotherapy-induced oral mucositis
(n ¼ 536) nor to its risk factors (n ¼ 49), and the studies were non‒
observational studies (n ¼ 284), protocol (n ¼ 1), and conference
abstracts (n ¼ 2). Next, the full-texts of 41 citations were retrieved
and evaluated based on the eligibility criteria, and 21 studies were
excluded for the reasons presented in Fig. 1. Finally, another two
records were identified from citation searching were included, a
total of 22 studies [16e19,23e40] were included in our systematic
review and meta-analysis.

Characteristics of the included studies

Table 1 presents the characteristics of the included studies. The
22 included studies all were observational studies, 12 of which
were prospective cohort studies, five was a retrospective cohort
study, and another five studies were case‒control studies. All
these studies were published between 2005 and 2023, and they
were from China (n ¼ 20), Italy (n ¼ 1), and Japan (n ¼ 1). The
sample size of the included studies ranged from 22 to 1674, and
the total sample size was 4507. The mean ages of all the partici-
pants ranged from 46.3 to 64.3 years old. Most studies (n ¼ 17)
included all stages of patients with nasopharyngeal carcinoma,
one study included patients at stage, one study included patients
at stage T3-4NxM0 or TxN2-3M0 following the Union for Inter-
national Cancer Control (2010), and three studies included only
locally advanced patients (stage). All participants were treated
with radiotherapy alone or combined with chemotherapy. The
diagnostic criteria of radiotherapy-induced oral mucositis varied
in these included studies, grade 2 or above was defined as severe
radiotherapy-induced oral mucositis. Specifically, 10 studies
[17,23,24,27,28,33,35,38e40] used the Radiation Therapy Oncology
Group criteria of acute effects for mucous membranes to assess
the grade of oral mucositis. Five studies [16,18,30,32,36] used the
World Health Organization oral mucositis grading scale to evalu-
ated the severity of oral mucositis. Five studies [19,25,26,31,34]

used the Common Terminology Criteria for Adverse Events to
assess the oral mucositis grade. Two studies [29,37] did not report
the details of the assessment tool for oral mucositis.

Quality of the included studies

All the included studies were evaluated using the Newcastle‒
Ottawa scale, and the results are presented in Table 1. Nineteen
studies [16e19,24e28,30e32,34e40] were rated as having high
quality and low risk of bias, and another three studies [23,29,33]
were rated as having moderate quality and moderate risk of bias. In
addition, the funnel plots and Egger's linear regression indicated
that there was no significant publication bias (p ¼ .224) in these
included studies (see supplemental material Fig. 1).

Meta-analysis

Incidence of radiotherapy-induced oral mucositis
A total of 20 studies with 4135 participants were included in the

quantitative meta-analysis, and the incidence of radiotherapy-
induced oral mucositis ranged from 50% to 100%. In detail, 16
studies reported that all the participants experienced radiotherapy-
induced oral mucositis with an incidence of 100%. In addition, four
studies [24,33,35,37] reported that the incidences of oral mucositis
were 98%, 90%, 84%, and 50%, respectively. As a high level of het-
erogeneity (I2 ¼ 97%, p < .01) existed among these studies, a
random-effect model was used to obtain more conservative results,
and the pooled results (Fig. 2) showed that the incidence of
radiotherapy-induced oral mucositis was 99% (95% CI: 96% to 100%).

A sensitivity analysis was performed using a one-study-out
method to test the stability and reliability of the pooled results.
The pooled estimated incidence of radiotherapy-induced oral
mucositis did not change significantly, ranging from 99% (95% CI:
96‒100%) to 100% (95% CI: 99‒100%) (see supplemental material
Fig. 2).

Subgroup analysis
The results of the subgroup analysis showed that the incidences

of mild and severe radiotherapy-induced oral mucositis were 46%
(95% CI: 36‒55%, I2% ¼ 97%) and 52% (95% CI: 43‒61%, I2% ¼ 98%),
respectively (Fig. 3). In addition, the subgroup analyses conducted
based on the participant characteristics (gender, cancer stage, and
treatment regimen) and study characteristics (study design, study
language, sample size, and diagnostic criteria) showed that there
were no significant differences no matter the participant and study
characteristics (see supplemental material Table 2).

Risk factors for severe radiotherapy-induced oral mucositis
Of the 22 included studies, 17 studies [16,17,19,23,24,27,

29,31e40] reported at least one risk factor that was available for
data synthesis, and another five studies [18,25,26,28,30] did not
report relevant data for meta-analysis. The potential risk factors
from the included studies were categorized into demographic
factors (gender and age), health-related factors (such as BMI,
weight loss, oral pH, diabetes, cancer stage, and oral hygiene), and
lifestyle-related factors (such as smoking and drinking). Among
these factors, nine factors (oral hygiene, oral pH, the use of oral
mucosal protective agents, smoking, drinking, overweight before
radiotherapy, combined chemotherapy, and the use of antibiotics at
early treatment stage, and diabetes) from 14 studies had data that
could be used for quantitative meta-analysis. The pooled results
showed that poor oral hygiene (OR ¼ 4.78, 95% CI: 2.56‒8.91), oral
pH < 7.0 (OR ¼ 3.56, 95% CI: 2.58‒4.91), smoking (OR ¼ 3.60, 95%
CI: 2.59‒5.01), drinking (OR ¼ 3.24, 95% CI: 1.92‒5.46), overweight
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Table 1 Characteristics of Included Studies.

Study ID Country Study design Sample size Women/Men Mean age Cancer stage Treatment
regimen

Diagnostic
criteria

Incidence of
RTOM

Assessed risk factors NOS score/risk
of bias

Chen et al.,
2021a

China Case-control study 240 71/169 51.3 All stages Chemo-
radiotherapy

RTOG criteria 131/240 Concurrent chemotherapy,
mean oral cavity dose,
Vitamin B2, Vitamin C

6/moderate

Cheng et al.,
2014

China Prospective cohort study 85 28/57 50 Stage II-IV Chemo-
radiotherapy

RTOG criteria 83/85 Smoking, diabetes, BMI 8/low

Dong et al.,
2021

China Prospective cohort study 115 34/81 54.4 All stages Chemo-
radiotherapy

RTOG criteria 115/115 Smoking history, oral pH � 6.5,
concurrent chemotherapy,
oral mucosa dose�32 Gy, did
not use mouthwash

8/low

Kawashita et
al., 2023

Japan Retrospective cohort study 22 NA 64.5 All stages Radiotherapy
or chemo-
radiotherapy

CTCAE V5.0 22/22 / 7/low

Li & Zheng,
2011

China Prospective cohort study 150 66/84 50 All stages Radiotherapy WHO OM
Grading scale

150/150 / 8/low

Li et al., 2013 China Prospective cohort study 114 36/78 49.6 All stages Radiotherapy
or chemo-
radiotherapy

CTCAE V3.0 114/114 / 9/low

Li et al., 2017 China Prospective cohort study 92 25/67 NA Stage
T3-4NxM0
or TxN2-3M0

Chemo-
radiotherapy

RTOG criteria 92/92 Body weight loss, V30 � 70% 9/low

Li et al., 2020a China Prospective cohort study 270 207/63 50 All stages Chemo-
radiotherapy

RTOG criteria 270/270 / 9/low

Li et al., 2020b China Case-control study 120 44/76 NA All stages Radiotherapy NA 120/120 BMI>24, smoking, drinking,
oral care, oral pH < 7.0,
antibiotics, oral mucosal
protective agents,
chemotherapy

6/moderate

Liu et al., 2023 China Retrospective cohort study 190 135/55 46.3 All stages Chemo-
radiotherapy

WHO OM
grading scale

190/190 / 8/low

Luo et al., 2005 China Prospective cohort study 102 34/68 47.9 All stages Radiotherapy
or chemo-
radiotherapy

CTCAE V2.0 102/102 Chemotherapy, oral hygiene,
antibiotics, smoking

9/low

Orlandi et al.,
2018

Italy Retrospective cohort study 132 40/92 49 Stage II-IVB Chemo-
radiotherapy

CTCAE V4.0 40/132 BMI � 30 kg/m2, combined
parotid glands EUD

7/low

Pang & Yi, 2020 China Prospective cohort study 120 59/61 53.8 All stages Radiotherapy WHO OM
grading scale

120/120 Smoking, oral care, mouth
PH < 7.0, antibiotics,
chemotherapy, oral mucosal
protective agents

9/low

Peng et al.,
2016

China Case-control study 1674 434/1240 48 All stages Radiotherapy RTOG criteria 1500/1674 Diabetes, prediabetes, smoking,
cancer stage

6/moderate

Song et al.,
2023

China Retrospective cohort study 228 59/169 NA All stages Radiotherapy
or chemo-
radiotherapy

CTCAE V5.0 228/228 Modified nutrition index 8/low

Sun et al., 2020 China Prospective cohort study 96 36/60 59.2 Stage II-IV Chemo-
radiotherapy

RTOG criteria 81/96 Smoking, diabetes, white blood
cell

8/low

Study ID Country Study design Sample size Female/male Mean age Cancer stage Treatment
regimen

Diagnostic
criteria

Incidence of
RTOM

Assessed risk factors NOS score/risk
of bias

Wang et al.,
2017

China Prospective cohort study 92 39/53 52.4 All stages Radiotherapy WHO OM
grading scale

92/92 Smoking, oral care, oral
pH < 7.0, antibiotics, oral
mucosal protective agents,
chemotherapy

9/low

Wang et al.,
2022

China Case-control study 172 77/95 53.1 All stages Radiotherapy
or chemo-
radiotherapy

NA 86/172 Smoking, oral hygiene,
drinking, oral pH < 7.0,
overweight,
antibiotics, chemotherapy, oral
mucosal protective agents

7/low
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before radiotherapy (OR ¼ 4.72, 95% CI: 2.45‒9.09), and combined
chemotherapy (OR¼ 7.89, 95% CI: 3.66‒16.99) were significant risk
factors, while the use of oral mucosal protective agents (OR ¼ .26,
95% CI: .14‒.48) and the use of antibiotics at early treatment stage
(OR ¼ .30, 95% CI: .13‒.68) were protective factors of radiotherapy-
induced oral mucositis among patients with nasopharyngeal car-
cinoma. In addition, results showed that patient with diabetes
(OR¼ 1.33, 95% CI: .45‒3.91) was a risk factor but with no statistical
significance (Fig. 4).

Discussion

To our knowledge, this is the first meta-analysis to estimate the
incidence and to explore risk factors for radiotherapy-induced oral
mucositis among patients with nasopharyngeal carcinoma. Most
of the included studies in our review were from China, which
resulted from the extremely uneven geographical global distri-
bution, with more than 70.0% new cases per year are in East and
Southeast Asia [2]. High rates of nasopharyngeal carcinoma have
long been observed in the population of Southern China, with an
age-standardized rate (world) of 3.0/100000 [2,41], and account-
ing for almost a half of nasopharyngeal carcinoma patients
worldwide [42]. Although nasopharyngeal carcinoma is relatively
uncommon compared with other cancers, it remains a significant
public health problem in East and Southeast Asia [43]. Based on
the comprehensive search strategy from eight electronic databases
and systematic review of relevant studies, our study results pro-
vided evidence-based references for developing targeted preven-
tive measures of radiotherapy-induced oral mucositis among
patients with nasopharyngeal carcinoma.

Incidence of radiotherapy-induced oral mucositis

The pooled results of the meta-analysis revealed that almost all
patients with nasopharyngeal carcinoma have experienced oral
mucositis during the radiotherapy process, with a pooled inci-
dence of 99.0%, and more than half (52.0%) of patients suffered
from severe oral mucositis, which is as high as that among pa-
tients with head and neck cancers [6,44]. On the one hand, the
persistent and concentrated high-dose irradiation can inevitably
induce acute and chronic toxicity reactions including
radiotherapy-induced oral mucositis [2] in spite of the modern
advances in radiotherapy technology. On the other hand,
currently, the consistent and targeted assessment tools for oral
mucositis are insufficient [45], nurses are unable to evaluate
radiotherapy-induced oral mucositis comprehensively during
clinical practice, which might cause inadequate attention and
underestimation of the severity of oral mucositis among patients
with nasopharyngeal carcinoma. In addition, consistent with
other countries in the world, patients with nasopharyngeal car-
cinoma in China usually are treated with outpatient radiotherapy,
which means they were inaccessible to systemic and structured
professional care and support compared to the inpatient setting
[46], such as basic oral care, oral health education, and coping
skills for oral mucositis. Thus, patients with nasopharyngeal car-
cinoma often suffer from high incidence of radiotherapy-induced
oral mucositis, and it is urgent and necessary to pay more atten-
tion to nasopharyngeal carcinoma patients and take effective
measures for the early identification and prevention of oral
mucositis during their treatment process.

To test the reliability and stability of pooled results and explore
the potential sources of heterogeneity, we also conducted sub-
group analyses on the basis of participant characteristics (gender,
cancer stage, and treatment regime) and study characteristics
(study design, study language, sample size, and diagnostic
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criteria). The results showed that the incidence of radiotherapy-
induced oral mucositis was similar within subgroups, which sug-
gested that the results were stable and reliable, but there might be
other possible sources of heterogeneity among these included
studies. For example, the sample sources and age groups varied
among the different studies, which might contribute to the high
heterogeneity of our study.

Risk factors for severe radiotherapy-induced oral mucositis

This study identified eight significant risk factors for severe
radiotherapy-induced oral mucositis among patients with naso-
pharyngeal carcinoma, including poor oral hygiene, oral pH less
than 7.0, the use of oral mucosal protective agents, overweight
before radiotherapy, smoking, drinking, combined chemotherapy,
and the use of antibiotics.

Poor oral hygiene, oral pH less than 7.0, and the use of oral
mucosal protective agents are three oral health-related risk factors
for severe radiotherapy-induced oral mucositis, among which poor
oral hygiene is the most significant risk factor. Previous studies also
showed that the status of oral health and hygiene is a risk factor for
radiotherapy-induced oral mucositis [47]. However, it was reported
that 64.4% of patients who received radiotherapy had poor oral
hygiene, and the proportion of poor oral hygiene was much higher
among patients with oral mucositis (69.1%) than among patients
without oral mucositis (42.9%) [48]. Oral health, starting with good
oral hygiene, is essential for patient wellness, and providing oral
health education and prevention interventions to promote good
oral hygiene can prevent infection by oral bacteria and conse-
quently could reduce the risk and severity of oral mucositis
[49,50,58]. In addition, previous studies have already identified that
the use of oral mucosal protective agents and interventions pro-
moting the oral pH to shift from an acidic to alkaline could enhance
oral protection against mucositis and decrease the susceptibility to
oral mucositis among patients [51,52]. Thus, preventive strategies
are needed to target facilitating oral health during and even prior to

radiation treatment to decrease the risk and severity of oral
mucositis among patients with nasopharyngeal carcinoma [50].

Unsurprisingly, smoking and drinking were two other risk fac-
tors for severe radiotherapy-induced oral mucositis. A previous
study [53] conducted among patients with head and neck carci-
noma also revealed that smokingwas a risk factor for radiotherapy-
induced oral mucositis. Although drinking was not identified as a
risk factor in previous studies, alcohol use is one of the leading risk
factors for a range of diseases and injury conditions, and there is
even a causal relationship between them [54]. As common lifestyle-
related risk factors, further targeted strategies and interventions
are needed to reduce the utilization of tobacco and alcohol among
patients.

This meta-analysis showed that overweight before radiotherapy
was a risk factor for radiotherapy-induced oral mucositis, which
was inconsistent with Saito et al. [55] who reported significant
association between low BMI and oral mucositis. However, as oral
mucositis might lead to anorexia, dysphagia, and low BMI during
radiotherapy, it is difficult to confirm whether low BMI caused oral
mucositis, or the oralmucositis resulted in low BMI. For our result, a
previous study [56] has identified the significant correlation be-
tween overweight and poor oral conditions, and the possible
mechanism is that adipose tissue could cause increased levels of IL-
6, IL-8, and TNF- a, resulting in raised leukocytes, which might
activate systemic inflammation. Therefore, overweight status
before radiotherapy also might be the focus for preventing severe
oral mucositis.

Our study showed that concomitant chemotherapy and the use
of antibiotics at early treatment stage were treatment-related risk
factors for radiotherapy-induced oral mucositis. Although identi-
fied as a potential protective factor of oral mucositis, the use of
antibiotics at early treatment stage for prevention oral mucositis
was not recommended by any guidelines to be used in the pre-
vention of oral mucositis, and caution is needed for antibiotic uti-
lization among patients [57]. Moreover, due to the toxicity of
chemotherapeutics, patients who receive radiotherapy combined

Figure 2. Forest Plot of Incidence of Radiotherapy-Induced Oral Mucositis. CI ¼ Confidence Interval.
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with chemotherapy can be definitely more prone to experiencing
severe oral mucositis [58], and more attention is needed to patients
who receive chemoradiotherapy when providing preventive mea-
sures of oral mucositis.

Limitations

Some limitations should be considered when interpreting the
results: (1) due to the inconsistent characteristics among the

Figure 3. (A) Forest Plot of Incidence of Mild Radiotherapy-Induced Oral Mucositis. (B) Forest Plot of Incidence of Severe Radiotherapy-Induced Oral Mucositis. CI ¼ Confidence
Interval.
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included studies, high heterogeneity existed in our study; (2)
some potential risk factors were not available for meta-analysis
because they were reported in less than three studies, or re-
ported with incomplete data; and (3) due to the geographical
features of nasopharyngeal carcinoma, most of the studies
included in our study were published in China. Wider researches
with larger sample sizes are needed to further identify the

incidence and risk factors for radiotherapy-induced oral
mucositis.

Implications for further research and nursing practice

The results of this study showed that almost all nasopharyngeal
carcinoma patients inevitably experienced radiotherapy-induced

Figure 4. (A) Forest Plot of Odds Ratio of Poor Oral Hygiene. (B) Forest Plot of Odds Ratio of Oral pH < 7.0. (C) Forest Plot of Odds Ratio of the Use of Oral Mucosal Protective Agents.
(D) Forest Plot of Odds Ratio of Smoking. (E) Forest Plot of Odds Ratio of Drinking. (F) Forest Plot of Odds Ratio of Overweight Before Radiotherapy. (G) Forest Plot of Odds Ratio of
Combined Chemotherapy. (H) Forest Plot of Odds Ratio of the Use of Antibiotics. (I) Forest Plot of Odds Ratio of the Use of Diabetes. CI ¼ Confidence Interval, BMI ¼ Body Mass Index.
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oral mucositis, and more than half of patients even suffered from
severe oral mucositis during radiotherapy. Radiotherapy-induced
oral mucositis poses negative effects on patients’ physical,
emotional, and social dimensions and quality of life [58], which
should be highly valued as an interdisciplinary problem during
clinical practice. Therefore, interventions for effective management
of oral mucositis should cover interdisciplinary professionals,
including oncology, stomatology, psychology, and nutritional sci-
ence. For instance, in addition to the symptommanagement of oral

mucositis, it is also essential for regular clinical screening the risk of
nutritional and psychological problems [59]. In addition, most risk
factors for oral mucositis in our study were modifiable, including
oral hygiene, oral pH, the use of oral mucosal protective agents,
smoking, drinking, and overweight. Further studies and clinical
practitioners should focus on the controllable risk factors and
should accordingly develop targeted preventive measures for
radiotherapy-induced oral mucositis among patients with naso-
pharyngeal carcinoma.

Figure 4. (continued).

J. Li et al. / Asian Nursing Research 17 (2023) 70e82 79



Conclusions

This study found that almost all patients with nasopharyngeal
carcinoma have experienced radiotherapy-induced oral mucositis,
and more than half of patients have suffered from severe oral
mucositis during radiation therapy. Poor oral hygiene, oral pH less

than 7.0, use of protective agents, smoking, drinking, overweight
before radiotherapy, combined chemotherapy, and the use of an-
tibiotics at early treatment stage are risk factors for severe
radiotherapy-induced oral mucositis. Wider and larger well-
designed studies are needed to explore the risk factors for
radiotherapy-induced oral mucositis, and promoting oral health,

Figure 4. (continued).
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especially good oral hygiene, might be the key focus of decreasing
the risk and severity of radiotherapy-induced oral mucositis among
patients with nasopharyngeal carcinoma.
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s u m m a r y

Purpose: Few studies have examined the effect of diabetes mellitus (DM) on patients with coronary
artery disease. The relationships between quality of life (QoL), risk factors, and DM of patients receiving
percutaneous coronary interventions (PCIs) are poorly understood. We investigated the influence of DM
on fatigue and QoL over time among patients receiving PCIs.
Methods: An observational cohort study with a longitudinal, repeated-measures design was used to
investigate fatigue and QoL among 161 Taiwanese patients with coronary artery disease with/without
DM who received primary PCIs between February and December 2018. Participants provided de-
mographic information and their Dutch Exertion Fatigue Scale and the 12-Item Short-Form Health
Survey scores before the PCI and two weeks, three months, and six months post-discharge.
Results: Seventy-seven PCI patients were in the DM group (47.8%; mean age ¼ 67.7 [SD ¼ 10.4] years).
The mean scores of fatigue, physical component scale (PCS), and mental component scale (MCS) were
7.88 (SD ¼ 6.74), 40.74 (SD ¼ 10.05), and 49.44 (SD ¼ 10.57), respectively. DM did not affect the
magnitude of change in fatigue or QoL over time. Patients with DM perceived similar fatigue as those
without DM before PCI and two weeks, three and six months post-discharge. Patients with DM perceived
lower psychological QoL than those without DM two weeks post-discharge. Compared to pre-surgery
scores, patients without DM perceived lower fatigue at two weeks, three months, and six months
post-discharge, and higher physical QoL at three- and six-months post-discharge.
Conclusions: Compared with DM patients, patients without DM had higher pre-intervention QoL and
better psychological QoL two weeks post-discharge, and DM did not influence fatigue or QoL of patients
receiving PCIs over six months. DM may affect patients in the long term; therefore, nurses should
educate patients to regularly take medication, maintain proper habits, notice comorbidities, and follow
rehabilitation regimes after PCIs to improve prognosis.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Diabetes mellitus (DM) is a serious chronic disease [1], affecting
approximately 537 million adults worldwide [2]. DM, hyperglyce-
mia, insulin resistance, and hyperinsulinemia often trigger vascular

smooth muscle cell proliferation, inflammation, dyslipidemia, and
endothelial dysfunction, resulting in a higher risk of cardiovascular
disease [1]da major independent risk factor for coronary artery
disease (CAD) [3]. Reports show that around 68% of patients with
DM aged older than 65 years die from heart disease [4].

CAD often causes myocardial ischemia, fatigue [5], and declining
quality of life (QoL) [6]. Insulin resistance hinders protein to syn-
thesize muscles, and high blood sugar promotes muscles to break
down, which affects patients’ activities of daily living. Thus, pa-
tients with DM experience increased feelings of fatigue [1]. Fatigue
is defined as a subjective sense of tiredness and lack of energy that
negatively influences physical and mental capacity [7]. Research
shows that most patients with CAD perceive fatigue after heart
attacks, which has a substantial adverse effect on QoL [8].
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Therefore, early revascularization, which has been shown to have a
certain effect on QoL, is vital for patients with CAD. Percutaneous
coronary intervention (PCI) has become the most effective revas-
cularization therapy for CAD [9]. Fatigue is the most intense
symptom experienced by patients with CAD six months after PCI
[5]. Moreover, one year after PCI, both fatigue and depression
affected the perception of illness in patients with CAD and subse-
quently influenced their QoL [6].

There are few studies about the effect of CAD on patients with
DM, and the relationship between QoL, risk factors, and DM re-
mains unclear. Pischke et al. found that patients with CAD and DM
reported lower QoL than those without DM, especially women [10].
Their study also showed that men with DM had CAD and hyper-
tension more often than menwithout DM [10]. However, this study
is relatively old and recruited relatively few patients with DM; as
such, the results might not accurately describe changes in QoL of
patients with CAD and DM after PCI treatment. In 2013, national
guidelines indicated that DM increases the risk of progression of
CAD and causes cardiovascular complications [11]. Male patients
with both DM and CAD had a mortality rate that was thrice than
that of patients with CAD but without DM [11]; however, the
aforementioned study is only a CAD guideline, not a research study.

The relationship between QoL of patients with CAD, which is
affected by several comorbidities [12], and fatigue, which influences
QoL among patients with DM [13], is poorly understood. An un-
derlying cause of CAD is DM, which often triggers vascular smooth
muscle cell proliferation, inflammation, and endothelial dysfunc-
tion, resulting in deterioration of CAD progression. Therefore, this
study examined the relationship between fatigue and QoL among
patients with diabetes and non-diabetes receiving primary PCI.

Methods

Study design and participants

This was an observational cohort study using a longitudinal,
repeated-measures design to investigate fatigue and QoL among 165
patients with CAD with/without DM who received primary PCIs
between February and December 2018. Patients were recruited from
coronary care units of one large hospital in Taiwan. The researcher
checked the list of hospitalizations for primary PCI daily and
explained the study aim to the PCI patients in order to obtain their
informed consent letters. Then, the researcher reviewed PCI patients’
medical records to confirm if patients have a diagnosis of DM under
DM drugs. Participants were thereby allocated to two groups: DM
(n¼ 78) and non-DM (n¼ 87). The inclusion criteriawere as follows:
(1) aged �20 years, (2) with/without DM and diagnosed by a
cardiologist as requiring PCI, and (3) attended regular outpatient
follow-ups. Exclusion criteria were (1) hemodynamic instability or
(2) the presence of pregnancy, cancer, or severe heart failure.

G*Power version 3.1.9.2 was used to calculate the required
sample size, given a two groups � four time points repeated-
measures analysis of variance with a medium effect size (f) of
0.25 [14], a of .05, and power of 0.8. The minimum sample size in
each group was calculated as 41 (82 for both groups). The total
number of participants recruited was 165. Four patients did not
complete the study because of heart surgery or death; therefore,
161 patients were included (DM group, n ¼ 77; non-DM group,
n ¼ 84).

Instruments

Demographics questionnaire
This survey was conducted while patients were in hospital but

before PCI. The questionnaire assessed 15 items: age, sex, body

mass index (BMI), education, marital status, living situation,
monthly income, smoking and drinking habits, diagnosis, puncture
site, number and degree of coronary artery occlusions, PCI stenting,
and comorbidities. All 15 items were found to be related to CAD in
the previous literature [15e17].

Dutch exertion fatigue scale (DEFS)
Tiesinga et al. developed the nine-item DEFS for self-evaluating

fatiguewhile executing daily activities [18]. Each item is rated using
a five-point Likert scale ranging from 0 (never) to 4 (always). Total
score ranges from 0 to 36; higher scores indicate a higher level of
fatigue. This questionnaire was translated verbatim into Chinese by
the researchers (who speak both English and Chinese) and then
back-translated to English for comparison according to the pro-
cedure proposed by Guillemin et al. [19]. To achieve optimal
translation, two native English speakers and two Chinese nursing
experts participated in the translation process. The content validity
index (CVI) of this questionnaire was 93.8%, determined by using
the ratings of item relevance and agreement among the five ex-
perts, including two cardiologists, two senior cardiovascular nurses,
and one nursing professor. The number of items that were rated as a
3 or 4 were divided by the total number of items. Moreover, the
authors separately read the response format reported by the con-
tent experts and evaluated the wording of each item. For face val-
idity, we applied cognitive assessment to evaluate how the PCI
patients understood and responded to items. Face validity was
established by 10 PCI patients and one senior cardiovascular nurse.
By using the verbal probe method, the cardiovascular nurse
collected information about the respondents' understanding of
each item and their questions. Ten PCI patients fully understood the
items, and no changes were needed. The Cronbach's a coefficient
was .71 in the main study.

The 12-item short-form health survey (SF-12)
This questionnaire comprises 12 questions that evaluate phys-

ical and mental health-related QoL. Ware et al. developed the 12-
Item Short-Form Health Survey which comprises two subscales:
the physical component scale (PCS) and the mental component
scale (MCS) [20]. Each item response was converted into physical
and mental standardized values and then summed to PCS and MCS
scores. Both subscale scores ranged from 0e100. The higher the
score, the greater the QoL. The SF-12 scale has been effectively used
in many countries worldwide, with a wide range of applications,
and is suitable for all age groups. The researchers obtained the
Chinese version of SF-12 from the website of the Government
Research Bulletin (GRB), Taiwan [21]. We searched the Chinese SF-
12 scale through the retrieval system (http://www.grb.gov.tw/
search;keyword¼Sf-12;type¼GRB05), which is completely free
and open to use [21]. Moreover, Lam et al. found that the Chinese
version of SF-12 can be effectively applied to Asians, and its internal
consistency and test-retest reliabilities are good (range 0.67e0.82)
[22]. It's Cronbach's alpha in our present study was 0.92, showing
good reliability.

Procedure and data collection

Measurement reliability and validation was verified through a
pilot study of 10 PCI patients whose data were not used in the main
study. For reliability, in the pilot study, the coefficients of internal
consistency of Chinese DEFS and SF-12 were good (0.89 and 0.8),
indicating good interrelatedness of the items. For validity, we used
content validity and face validity. The CVI was 93.8%, as determined
by a panel of five experts, showing good content validity. Face
validity was established by 10 PCI patients. They fully understood
the items of each questionnaire, and advised no changes were
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needed. The main data were collected from February to December
2018. A total of 161 participants with PCIs completed the self-rated
questionnaires, consisting of demographic characteristics, the
DEFS, and the SF-12 at Time 1 (T1; during hospitalization, one day
before receiving PCI), Time 2 (T2; two weeks after discharge), Time
3, (T3; three months after discharge), and Time 4 (T4; six months
after discharge). Measurements at T2 to T4 were obtained when
participants visited the outpatient department or through phone
calls by the researchers.

Ethical considerations

Prior to conducting this study, approval from the institutional
review board of Taichung Veterans General Hospital was obtained

(no. SE17198 A). All participants provided written, informed con-
sent prior to beginning the first questionnaire.

Data analysis

SPSS 24.0 (IBM, Armonk, NY) was utilized to analyze the data.
The Chi-square and Independent t-test analyzed the demographic
variables and found that five types of demographic data (marital
status, puncture site, the number of coronary artery occlusions, a
diagnosis of hypertension or stroke) were to be heterogeneous and
regarded as control variables that acted as covariates in the
generalized estimating equation (GEE) analysis into three mea-
surements. Independent t-tests were used to measure differences
in fatigue and QoL between groups (DM versus non-DM) at each

Table 1 Participants’ Demographics Characteristics.

Variable DM (n ¼ 77) Non-DM (n ¼ 84) Total (N ¼ 161) t/c2 p

n % n % n %

Gender
Men 53 68.8 62 73.8 115 71.4 .488 .485a

Women 24 31.2 22 26.2 46 28.6
Education level 1.09 .161a

< Junior high school 32 41.6 26 31.0 58 36.0
� Junior high school 45 58.4 58 69.0 103 64.0

Marital status 4.83 .028*,a

Married 60 77.9 76 90.5 136 84.5
Single, divorced, widowed 17 22.1 8 9.5 25 15.5

Living situation 4.52 .211a

Living alone 4 5.2 4 4.8 8 5.0
Living with family 69 89.6 80 95.2 149 92.5
Living with friends 1 1.3 0 00.0 1 0.6
Living with caretaker 3 3.9 0 00.0 3 1.9

Monthly income (US dollars) 5.19 .075a

<1,275 61 79.2 53 63.9 114 71.3
1,276e2,234 12 15.6 19 22.9 31 19.4
>2,235 4 5.2 11 13.3 15 9.4

Smoking .20 .652a

No 67 87.0 71 84.5 138 85.7
Yes 10 13.0 13 15.5 23 14.3

Drinking alcohol 1.66 .198a

No 68 88.3 68 81.0 136 84.5
Yes 9 11.7 16 19.0 25 15.5

Age, mean (SD) 67.7 (10.4) 64.5 (10.8) 66.0 (10.7) �1.87 .063b

Body Mass Index, mean (SD) 27.1 (3.9) 26.3 (4.0) 26.7 (3.9) �1.27 .208b

Diagnosis 3.84 .147a

Unstable angina 45 58.4 61 72.6 106 65.8
Myocardial infarction 4 5.2 4 4.8 8 5.0
Coronary artery disease 28 36.4 19 22.6 47 29.2

Puncture site 6.00 .050*,a

Transfemoral 20 26.0 13 15.5 33 20.5
Transradial 57 74.0 67 79.8 124 77.0
Both 0 00.0 4 4.8 4 2.5

Number of coronary artery occlusions 4.51 .034*,a

< 3 51 66.2 68 81.0 119 73.9
� 3 26 33.8 16 19.0 42 26.1

Degree of coronary artery occlusion .25 .616a

< 70.0% 2 2.6 3 3.6 5 3.1
70e89.0% 51 66.2 52 61.9 103 64.0
> 90.0% 24 31.2 29 34.5 53 32.9

PCI stenting .29 .593a

Yes 52 70.3 53 66.3 105 68.2
No 25 29.7 31 33.7 56 31.8

Comorbidities
Hyperlipidemia 17 22.1 13 15.5 30 18.6 1.15 .283a

Hypertension 57 74.0 48 57.1 105 65.2 5.05 .025*,a

Stroke 12 15.6 2 2.4 14 8.7 8.82 .003*,a

Kidney disease 3 3.9 0 0.0 3 1.9 3.34 .068a

Note. DM: diabetes mellitus; PCI: percutaneous coronary intervention; SD: standard deviation.
* p < .05, two-tailed.
a Chi-square.
b Independent t-test.

S.-F. Su, W.-T. Yeh / Asian Nursing Research 17 (2023) 83e90 85



time point. The GEE was used to analyze the changes in fatigue and
QoL over the four time points. The GEE mode included the main
effects of group (DM ¼ 1 vs. non-DM ¼ 0), time point (T1, T2, T3,
T4), and interaction effect (group � time point), and the previously
mentioned five demographic variables as covariates. The main ef-
fects and interactions were utilized to measure the extent of
changes in fatigue and QoL of patients with PCI over time. A p-value
of less than 0.05was used as the criterion for statistical significance.

Results

Demographic characteristics

Table 1 shows that the 77 PCI patients in the DM group (47.8%)
had a mean age of 67.7(SD ¼ 10.4) years and a mean BMI of
27.1(SD ¼ 3.9). A total of 161 participants with PCIs were included;
most participants were men (71.4%), married (84.5%), had a
monthly income of less than US$ 1,275 (71.3%), lived with family

(92.5%), did not smoke (85.7%) or drink alcohol (84.5%), had a
diagnosis of unstable angina (65.8%), had 70e89.0% coronary artery
occlusion (64.0%), had hypertension (65.2%), and had PCI through a
radial artery (77%). The mean scores of fatigue, PCS, and MCS of all
participants were 7.88 (SD ¼ 6.74), 40.74 (SD ¼ 10.05), and 49.44
(SD ¼ 10.57), respectively.

There were significant differences in the demographic data
of marital status, puncture site, the number of coronary artery
occlusions, hypertension, and stroke between DM and non-DM
groups, indicating heterogeneous.

Differences in fatigue and QoL at each time point

Independent t-tests were utilized to measure the differences in
fatigue and QoL between patients with/without DM at the four time
points (Table 2). Although the fatigue scores of the DM group were
slightly higher than non-DM group, no significant differences were
found in fatigue between both groups at T1 (p¼ .349), T2 (p¼ .239),
T3 (p¼ .958), or T4 (p¼ .381). QoL (PCS andMCS) scoreswere lower
for the DM group than for the non-DM group; there were signifi-
cant differences between DM and non-DM groups in PCS at T1
(p ¼ .029) and in MCS at T1 (p ¼ .042) and T2 (p ¼ .043).

Magnitude of change in fatigue and QoL at each time point

Table 3 presents the change in fatigue between four time
points through GEE analysis. Considering the non-DM group's T1
fatigue score (7.405) as the reference, the DM group's fatigue
score at T1 was 0.998 units higher than that of the non-DM group
(p ¼ .349), indicating no significant pre-surgery difference be-
tween the groups. At T2, T3, and T4, the fatigue scores of the non-
DM group were significantly lower (all ps < .001) than those at
T1, showing that the growth effect decreased over time.
Considering the DM group's T1 fatigue score (8.403) as the
reference, at T2, T3, and T4, the fatigue scores of the DM group
were significantly lower (all ps < .001) than those at T1, showing
that the growth effect decreased over time. After adjusting for
the pre-test differential effect and growth effects, the magnitude
of changes in the DM group's fatigue scores were .027, �.963,
and �.426 compared to those of the non-DM group from T1 to T2
(p ¼ .253), T1 to T3 (p ¼ .252), and T1 to T4 (p ¼ .625), respec-
tively. This indicates that the extent of change in fatigue was not

Table 2 Difference in Fatigue and Quality of Life at Each Time Point.

Variable DM (n ¼ 77) Non-DM (n ¼ 84) T p

Mean (SD) Mean (SD)

Fatigue
T1 Baseline 8.40 (7.41) 7.40 (6.06) �0.93 .349
T2 Two weeks 6.58 (6.52) 5.56 (4.35) �1.18 .239
T3 Three months 4.84 (4.10) 4.81 (4.22) �0.053 .958
T4 Six months 4.71 (4.54) 4.14 (3.71) �.88 .381
SF-12
PCS
T1 Baseline 38.94 (10.48) 42.39 (9.40) 2.21 .029*
T2 Two weeks 41.01 (9.83) 43.02 (8.98) 1.36 .176
T3 Three months 43.34 (9.53) 45.21 (8.93) 1.29 .201
T4 Six months 44.83 (9.23) 46.72 (8.42) 1.36 .176
MCS
T1 Baseline 47.68 (11.15) 51.06 (9.79) 2.05 .042*
T2 Two weeks 48.66 (9.47) 51.45 (7.78) 2.04 .043*
T3 Three months 49.30 (9.01) 51.41 (7.86) 1.59 .115
T4 Six months 49.49 (8.60) 50.73 (8.33) 0.94 .351

Note. DM: diabetes mellitus; MCS: mental component scale; PCS: physical compo-
nent scale; SD: standard deviation; SF-12: The 12-Item Short-Form Health Survey;
T1: hospitalization (baseline); T2: twoweeks after discharge; T3: threemonths after
discharge; T4: six months after discharge. *p < .05, two-tailed.

Table 3 Magnitude of Change in Fatigue at Each Time Point By Group.

Variable b SE 95% CI Wald test p

Marital status �2.20 1.16 �4.47, .068 3.615 .057
Puncture site �1.613 .98 �3.53, .34 2.72 .099
Number of coronary artery occlusions .226 .87 �1.47, 1.93 .068 .794
Comorbidities-Hypertension .583 .75 �0.89, 2.06 .599 .439
Comorbidities-Stroke �1.066 1.26 �3.53, 1.40 .720 .396
DEFS of Non-DM patients at T1 (reference) 7.405 0.66 6.12, 8.69 127.004 <.001***
DEFS at T1 (DM patients compared to non-DM patients) 0.998 1.07 �1.09, 3.09 0.877 .349
DEFS of Non-DM patients (T2 compared to T1) �1.845 0.39 �2.61, �1.09 22.687 <.001***
DEFS of Non-DM patients (T3 compared to T1) �2.595 0.53 �3.63, �1.56 24.048 <.001***
DEFS of Non-DM patients (T4 compared to T1) �3.262 0.54 �4.33, �2.20 35.986 <.001***
DEFS of DM patients at T1 (reference) 8.403 0.84 6.76, 10.05 100.071 <.001***
DEFS of DM patients (T2 compared to T1) �1.818 0.52 �2.83, �0.80 12.223 <.001***
DEFS of DM patients (T3 compared to T1) �3.558 0.65 �4.84, �2.28 29.963 <.001***
DEFS of DM patients (T4 compared to T1) �3.688 0.68 �5.03, �2.35 29.415 <.001***
Magnitude of change in DEFS in both groups from T1 to T2 0.027 0.65 �1.24, 1.30 0.002 .253
Magnitude of change in DEFS in both groups from T1 to T3 �0.963 0.84 �2.61, 0.68 1.314 .252
Magnitude of change in DEFS in both groups from T1 to T4 �0.426 0.87 �2.14, 1.28 0.239 .625

Note. b: beta coefficients; CI: confidence interval; DEFS: Dutch Exertion Fatigue Scale; DM: diabetes mellitus; SE: standard error; T1: hospitalization (baseline); T2: two weeks
after discharge; T3: three months after discharge; T4: six months after discharge. *p < .05, **p < .01, ***p < .001, two-tailed.
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significantly higher in the DM group than in the non-DM group
from hospitalization (baseline) to two weeks, three months, and
six months after discharge.

Table 4 shows the change in PCS at each time point. Considering
the T1 PCS score (42.393) of the non-DM group as the reference, T1
PCS scores of the DM group were 3.455 points lower than those of
the non-DM group (p¼ .027), indicating therewas a significant pre-
surgery difference between the groups. At T3 and T4, the PCS scores
of the non-DM group were significantly higher (all ps < .001) than
those at T1, showing a growth effect over time. Considering the T1
PCS score (38.938) of the DM group as the reference, at T2, T3, and
T4, the PCS scores of the DM group were significantly higher (all
ps < .01) than those at T1, showing a growth effect over time. After
adjusting for the pre-test effect and growth effects of the control
group, the DM group's PCS were 1.443, 1.585, and 1.564 units lower
than those of the non-DM group from T1 to T2 (p ¼ .146), T1 to T3
(p ¼ .159), and T1 to T4 (p ¼ .169), respectively. This indicated that
there was no significant difference in the extent of change in PCS
scores between the two groups from hospitalization (baseline) to
two weeks, three months, and six months after discharge.

Table 5 shows the change inMCS at each time point. Considering
the T1 MCS scores (51.057) of the non-DM group as the reference,
T1 MCS scores of the DM group were 3.377 points lower than those

of the non-DM group (p ¼ .041), indicating there was a significant
difference between the groups at T1. The non-DM group exhibited a
slight increase in MCS at T2 (0.389, p ¼ .556) and T3 (0.356,
p ¼ .688), and a decrease at T4 (0.322, p ¼ .714) than those at T1,
showing no growth effect over time. Considering the T1MCS scores
(47.680) of the DM group as the reference, the DM group exhibited
a slight increase in MCS at T2 (0.985, p ¼ .107) and T3 (1.625,
p¼ .056), and at T4 (1.808, p¼ .054). After adjusting for the pre-test
value and growth effects in the non-DM group, the extent of
changes in the MCS scores of the DM group were 0.596, 1.269, and
2.130 points higher than those of the non-DM group from T1 to T2
(p ¼ .098), T1 to T3 (p ¼ .301), and T1 to T4 (p ¼ .099) (all ps > .05),
respectively. This indicated that there was no significant difference
in the extent of change in MCS in both groups from hospitalization
(baseline) to two weeks, three months, and six months after
discharge.

Discussion

Participants' characteristics regarding sex and presence of hy-
pertension were consistent with the previously reported data,
which indicated that patients with CAD often have hypertension
and men have a higher CAD prevalence rate than women [5,15].

Table 4 Magnitude of Change in Physical Component Scale (PCS) Scores at Each Time Point By Group.

Variable b SE 95% CI Wald test p

Marital status 2.69 2.23 �1.69, 7.06 1.452 .228
Puncture site 1.539 1.71 �1.82, 4.90 .808 .369
Number of coronary artery occlusions .314 1.61 �2.83, 3.46 .038 .845
Comorbidities-Hypertension �3.28 1.41 �6.05, �.52 5.404 .020*
Comorbidities-Stroke .941 2.42 �3.80, 5.69 .151 .697
PCS of non-DM patients at T1 (reference) 42.393 1.02 40.39, 44.39 1727.585 <.001***
PCS at T1 (DM patients compared to non-DM patients) �3.455 1.56 �6.52, �0.39 4.877 .027*
PCS of Non-DM patients (T2 compared to T1) 0.629 0.65 �0.65, 1.91 0.928 .335
PCS of Non-DM patients (T3 compared to T1) 2.819 0.80 1.26, 4.38 12.529 <.001***
PCS of Non-DM patients (T4 compared to T1) 4.326 0.78 2.80, 5.86 30.719 <.001***
PCS of DM patients at T1 (reference) 38.938 1.19 36.61, 41.26 1070.664 <.001***
PCS of DM patients (T2 compared to T1) 2.072 0.75 0.61, 3.54 7.632 0.006**
PCS of DM patients (T3 compared to T1) 4.404 0.80 2.85, 5.96 30.305 <.001***
PCS of DM patients (T4 compared to T1) 5.890 0.83 4.27, 7.51 50.359 <.001***
Magnitude of change in PCS in both groups from T1 to T2 1.443 0.99 �0.50, 3.39 2.113 .146
Magnitude of change in PCS in both groups from T1 to T3 1.585 1.13 �0.62, 3.79 1.986 .159
Magnitude of change in PCS in both groups from T1 to T4 1.564 1.14 �0.67, 3.80 1.889 .169

Note. b: beta coefficients; CI: confidence interval; MCS: physical component scale (MCS); DM: diabetes mellitus; SE: standard error; T1: hospitalization (baseline); T2: two
weeks after discharge; T3: three months after discharge; T4: six months after discharge. *p < .05, **p < .01, ***p < .001, two-tailed.

Table 5 Magnitude of Change in Mental Component Scale (MCS) Scores at Each Time Point By Group.

Variable b SE 95% CI Wald test p

Marital status 2.38 2.07 �1.67, 6.43 1.325 .250
Puncture site .698 1.61 �2.46, 3.86 .187 .665
Number of coronary artery occlusions �.615 1.59 �3.73, 2.50 .150 .699
Comorbidities-Hypertension �1.475 1.38 �4.18, 1.23 1.141 .285
Comorbidities-Stroke 1.747 2.22 �2.60, 6.09 .621 .431
MCS of non-DM patients at T1 (reference) 51.057 1.06 48.98, 53.14 2312.988 <.001***
MCS at T1 (DM patients compared to non-DM patients) �3.377 1.65 �6.61, �0.14 4.190 .041*
MCS of Non-DM patients (T2 compared to T1) 0.389 0.66 �0.90,1.68 0.346 .556
MCS of Non-DM patients (T3 compared to T1) 0.356 0.87 �1.382,2.093 0.161 .688
MCS of Non-DM patients (T4 compared to T1) �0.322 0.88 �2.05,1.40 0.134 .714
MCS of DM patients at T1 (reference) 47.680 1.26 45.21, 50.16 1431.962 <.001***
MCS of DM patients (T2 compared to T1) 0.985 0.61 �0.21, 2.18 2.607 .107
MCS of DM patients (T3 compared to T1) 1.625 0.85 �0.04, 3.29 3.655 .056
MCS of DM patients (T4 compared to T1) 1.808 0.94 �0.03, 3.65 3.699 .054
Magnitude of change in MCS in both groups from T1 to T2 0.596 0.90 �1.17,2.36 0.439 .098
Magnitude of change in MCS in both groups from T1 to T3 1.269 1.23 �1.14, 3.68 1.068 .301
Magnitude of change in MCS in both groups from T1 to T4 2.130 1.28 �0.39, 4.65 2.742 .099

Note. b: beta coefficients; CI: confidence interval; MCS: mental component scale (MCS); DM: diabetes mellitus; SE: standard error; T1: hospitalization (baseline); T2: two
weeks after discharge; T3: three months after discharge; T4: six months after discharge. *p < .05, **p < .01, ***p < .001, two-tailed.
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However, our results contradict those that showed that female PCI
patients receiving a drug-eluting stent had a higher incidence of
DM than male PCI patients (p ¼ .485) [5]. The prevalence of radial
artery puncture in this present study differs from Faridi et al.’s
study, which found that in the US, >80.0% of patients with CAD
received PCI in the femoral artery [16]. Su et al. indicated that when
patients with CAD have acute myocardial ischemia onset or narrow
coronary arteries, the transfemoral approach is often chosen for PCI
[9]. Although the participants in Faridi et al.’s study and the present
study involved non-emergency PCIs, the major puncture sites were
different [16]. Thus, this requires further study.

Our results regarding smoking and dringing alcohol habits
among patients with CAD were consistent with a prior study that
found that 53.0% of patients with CAD (n¼ 200) were non-smokers
[17]. However, our results contradict those of Ram and Trivedi's
study, which indicated that smokers in Turkey had a higher prev-
alence of CAD (around 3.72 times higher) than those who had quit
smoking [23]. A possible reason for these differences is that most
studies simply investigated current smoking or non-smoking and
rarely focused on patients' history of smoking, daily use of ciga-
rettes, and time since quitting smoking, which may also affect the
prevalence of CAD. Moreover, Su and He found that Type D per-
sonality is associated with CAD prevalence and may raise the
mortality rate [24]. The risk factors for triggering CAD may also
include personality traits or comorbidities such as DM.

Difference and magnitude of change in fatigue at each time point

Fatigue scores at T1 indicated that before PCI, patients with CAD
experienced mild-to-moderate fatigue irrespective of DM comor-
bidity. This is consistent with a study that found that fatigue was
the most common symptom experienced by patients with CAD
[25]. The present study also found no significant differences in fa-
tigue between DM and non-DM groups at T2, T3, and T4; although,
both groups’ fatigue scores decreased compared to pre-PCI (T1).
Our results contradict a study that found that fatigue was the most
intense symptom in the first month after PCI [5]. Duijndam et al.
indicated that within a year after PCI, fatigue continued to affect the
perception of illness and QoL [6]. Patients’ perceived concentration
problems were associated with decreased QoL, possibly owing to
fatigue, negative mood, and older age [6]. However, these two
studies were subject to some limitations: the participants in Kim
et al.’s study were all outpatients with acute coronary syndrome
[5], and the time points assessed in Duijndam et al.’s study were
after PCI (baseline), and at one-month and one-year follow-ups [6].
They did not consider the influence of DM in patients with CAD
who received PCI, although DM damages the vascular system and
nerves [1] and is detrimental to patients with CAD [11]. When the
vascular endothelial cells are damaged, patients with CAD are
prone to fatigue [5]. Therefore, longitudinal studies are needed to
examine the degree of fatigue and seriousness of DM among pa-
tients with CAD before and after receiving PCI.

Notably, our GEE analyses indicated that fatigue scores in the
DM and non-DM groups at T2, T3, and T4 were significantly lower
than those at pre-PCI (T1), showing that fatigue significantly
decreased over time. This result is consistent with a study that
found that patients with myocardial infarction immediately felt
well and perceived a decrease in fatigue after PCI [8]. This may be
because PCI is the most effective revascularization therapy for CAD
as it can quickly destroy arterial plaque and subsequently relieve
fatigue [9], no matter CAD patients with or without DM. Ayton et al.
found that patients with CAD (n ¼ 32) perceived physical symp-
toms (e.g., fatigue) and psychological symptoms (e.g., anxiety,
depression, and uncertainty) and were relieved after PCI, but
continued to worry about mortality and incapability of performing

daily physical activities [26]. Therefore, we suggest that clinical
nurses should enhance patients’ awareness and management of
physical and psychological symptoms after PCI and possible
comorbidities, as education regarding lifestyle changes, taking
medication regularly, and following rehabilitation regimes after PCI
improves prognosis.

Our study revealed that the magnitude of change in fatigue was
not significant in the DM group compared to the non-DM group
from T2 to T1, T3 to T1, and T4 to T1. This result contradicts Ayton
et al.’s study, which found that six months after PCI, patients
perceived a significant improvement in fatigue, shortness of breath,
and angina [26]. A possible reason for this discrepancy could be that
they conducted a qualitative study with a small sample size and
considered neither DM nor fatigue change at different time points
after PCI, which may have influenced their outcomes. Moreover,
fatigue may be caused by a variety of factors: lifestyle-related,
nutritional, medical, psychological, glycemic/diabetes-related,
endocrine, and iatrogenic [27]. Thus, we suggest that further
studies consider these related factors and the influence of time to
better understand the efficacy of PCI for patients with CAD and DM.

Difference and magnitude of change in QoL at each time point

Patients' QoL decreased because of CAD, especially for patients
with CAD and DM. This is consistent with Srivastava et al.’s study,
which found that the CAD group's physical and social QoL were
significantly lower than a healthy control group [28].

The DM group's MCS scores were lower than those of the non-
DM group at T2; however, there was no difference in PCS scores
between groups at T2. Our results contradict Moriel et al.’s study,
which found that PCI patients (n ¼ 78) who had DM comorbidity
experienced low physical and psychological QoL, especially women
[29]. Moreover, Kim et al. found that the average QoL scores of
patients with CAD with and without DM were not significantly
different (67.81 ± 14.96 vs. 67.87 ± 16.70, p > .05) [5]. However,
their study only explored postoperative QoL a month after PCI
without comparing pre-PCI QoL and used a different measurement
tool (Seattle Angina Questionnaire) to evaluate QoL. Thus, based on
these contradictory results, we suggest that further studies
consider DM and participants' sex, using consistent ways of
assessing different aspects of QoL, to verify the influence of DM on
the health-related QoL of patients with CAD.

Notably, our GEE analysis showed that PCS scores in the non-DM
group at T3 and T4, and in the DM group at T2, T3, and T4 were
significantly higher than those at T1; that is, both groups’ PCS
scores significantly increased over time. This result is consistent
with Uchmanowicz et al.’s study, which evaluated the impact of DM
on QoL of 120 patients with CAD [30]. Non-diabetic patients had
better QoL than patients with DM at both baseline and six months
after PCI. Negative predictors of PCS scores were diabetes, multi-
vessel disease, high triglyceride level, and hypertension; regarding
MCS, negative predictors were DM, history ofmyocardial infarction,
and high triglyceride level. Edward et al. found that PCS scores six
months after PCI (51.4 ± 10.5) were higher than those after 12
months (39.7 ± 10.8) among 40 Australian patients with CAD [31].

However, no significant changes in MCS scores were found
among three time points in both groups. Britneff et al. found that
DM is a common comorbid medical condition in patients of CAD
and when the condition occurs together, such patients are
vulnerable for depression, anxiety, and psychosocial problems [32].
However, this study did not investigate the difference in depression
in patients with and without DM; thus, further study is still needed
concerning depression after patients with DM receive PCI.

Our study also revealed that the magnitude of change in QoL of
PCI patients with/without DM did not significantly differ at T2, T3,
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and T4. This result is consistent with Pischke et al.’s study, which
showed that therewas no significant difference in QoL at a one-year
follow-up among patients with CAD with/without DM who
received PCI [10]. Tareen and Tareen proposed that DM is a debil-
itating chronic illness with a complex pathophysiology that often
damages kidney and cardiovascular function, resulting in
emotional distress and significantly affecting patients' QoL [33]. DM
has been associated with lower QoL among patients with CAD [29].
However, Kim et al. found that QoL scores in patients with CADwith
and without DM did not significantly differ (67.81 ± 14.96 vs.
67.87 ± 16.70, p > .05) [5]. This may be because after PCI treatment,
patients' coronary arteries recanalize, and chest tightness and chest
pain gradually improve. If patients with DM regularly take heart
and DM medication along with implementing a proper cardiac
rehabilitation exercise program, they may not perceive any note-
worthy QoL improvement. Nevertheless, DM has been found to
decrease cardiovascular function and induce heart disease, espe-
cially in Asia [34]. Current treatment and control of DM have
improved. Thus, we suggest that future transnational studies
related to PCI prognosis, DM comorbidity, and QoL in patients who
receive PCI be conducted to increase the awareness of nurses’ roles
in CAD care, DM care, strengthen communication among interdis-
ciplinary teams, and provide necessary support to help patient
recovery after PCIs.

Limitations

This study took place in Taiwan; thus, our results may not be
generalizable to global populations. Further, the time since DM
diagnosis and condition of DM control were not explored in this
study, and both may influence levels of fatigue and QoL. Moreover,
living with one's extended family is common in traditional Chinese
culture, especially older adults being looked after by their children
(i.e., filial piety). However, whether living with family members and
social support affect the fatigue or QoL of patients with DM
receiving PCIs needs further study. In addition, other factors could
be confounded with fatigue and QoL scores such as marital status;
puncture site; number of coronary artery occlusions; and comor-
bidities such as hypertension, unstable angina, and stroke. Thus,
further studies with a transnational, transcultural, and longitudinal
design and longer follow-ups are recommended.

Conclusions

Patients with DM had lower pre-intervention QoL and lower
psychological QoL two weeks after discharge than those with non-
DM. By three and six months after discharge, DM did not affect the
magnitude of changes in fatigue and QoL in patients who received
PCIs over three or six months. Patients without DM perceived lower
fatigue at twoweeks, threemonths, and six months after discharge,
and higher physical QoL at three and six months after discharge.
DM may affect patients with CAD over the long term. Thus, nurses
should educate patients to regularly take medication, notice blood
sugar, change life habits, notice comorbidities, and follow rehabil-
itation regimes after PCIs for better prognosis.
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s u m m a r y

Purpose: The demand for advanced practice nurses (APNs) has increased globally due to a shortage of
physicians and an increased demand for high-quality healthcare. Research is needed on the enhance-
ment of advanced practice nurses' organization commitment. Organization commitment (OC) directly
impacts the retention of APNs. This study aims to identify the key factors affecting the OC of advanced
practice nurses.
Method: A cross-sectional survey was conducted at the largest hospital in South Korea. A total of 189
APNs answered survey questions. A partial least squares-structural equation modeling method was
employed to analyze the survey responses.
Results: A pay scale of APNs is positively associated with person-organization fit (POF). However, the
effect of job location and computer self-efficacy on POF is not significant. Job satisfaction plays a salient
direct role in supervision and POF. Job satisfaction is also a significant moderator in the relationship
between supervision and POF. POF is significantly associated with both OC and supervision. Supervision
has a positive effect on organization commitment.
Conclusions: Pay scale, job satisfaction, supervision, and POF are significant factors affecting organization
commitment. Establishing an intra-organization entity, such as APN steering committee, to ensure
mutual consensus and transparent communication between administrators and APNs would enhance
POF, the rating of supervision, and organization commitment.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Advanced practice nurses (APNs) are registered nurses working
as “nurse practitioners, clinical nurse specialists, nurse anesthetists,
and nurse midwives” [1]. They are “registered nurses who have

acquired the expert knowledge base, complex decision-making
skills, and clinical competencies needed for expanded practice,
the characteristics of which are shaped by the context and/or
country in which she/he is credentialed to practice” [2]. The de-
mand for APNs has increased globally [3]. There are two major
reasons. One is a shortage of physicians. The other is the need to
deliver quality healthcare at lower medical costs. In many coun-
tries, APNs perform primary physician duties and/or work along-
side physicians as full teammembers. As a strong force contributing
to increased access to quality healthcare at lower costs [4], APNs
have been described as hidden but essential healthcare workers
[2,5].

APNs, however, encounter barriers in many countries. Barriers
include lack of autonomy, professional under-recognition, lack of
understanding of their unique role, and lack of support from ad-
ministrations and from other clinicians [6]. These barriers can
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prevent APNs from fulfilling their responsibilities and fully inte-
grating themselves within the healthcare system. There is much
work to be done to utilize APNs to the fullest extent possible, but
there has been little research on the improvement of the work
conditions for APNs and the efficient management and retention of
APNs. The relatively recent emergence of APNs in healthcare sys-
tems and the relatively small number of APNs in the general nurse
population contribute to the scant research on them. Given the
crisis in healthcare, however, the demand for APNs has increased
and will continue to increase. The retention of APNs and the
enhancement of their commitment to their profession and orga-
nization have thus become crucial global topics in healthcare
management.

The current study focuses on the organization commitment (OC)
of APNs. OC is defined as “an individual's loyalty or bond to his or
her employing organization” [7]. It is an established finding that a
high level of OC plays an important role in determining employee
retention, low overall turnover in a profession, and the sustain-
ability of the organization itself [8].

Researchers have identified a number of factors impacting OC.
They include motivation, job satisfaction, job environment, inter-
relationships within the workplace, person-organization fit (POF),
and turnover intentions [7]. So far, most nursing research has
focused on two or three factors impacting OC among nurses [9].

Among various factors affecting organization commitment, our
study employs job environment (pay scale, supervision, and job
location), job satisfaction, computer self-efficacy (CSE), and POF as
variables. Job location and pay scale are, respectively, measures that
reflect the adjustment to the working environment and monetary
magnitude of a person's job performance [10]. Supervision is
defined as “the provision of guidance or direction, evaluation and
follow-up by the supervisor” [11]. CSE refers to “judgment of one's
capability to use a computer” [12, p. 192]. POF is defined as “the
compatibility between people and organizations that occurs when:
(a) at least one entity provides what the other needs, or (b) they
share similar fundamental characteristics, or (c) both” [13, pp. 4e5].
Job satisfaction is defined as a positive feeling that one holds to-
ward one's job, resulting from the appraisement and various ex-
periences one has at a workplace [14].

Given these definitions, we posit direct and moderating effects
among variables. For example, pay scale and job location are
posited as positively associated with POF as direct effects. Job
satisfaction is posited as moderating the relationship between POF
and supervision. The Theoretical Background and Research Model
section discusses detailed associations among these perceptional
constructs.

The goal of our study is to examine direct and moderating ef-
fects on APNs' OC using partial least squares - structural equation
modeling (PLS-SEM). This is done to (1) explore precursory job
environmental factors affecting APNs' perception of POF, (2) iden-
tify moderating factors affecting POF and supervision, and (3) un-
derstand the direct effects of POF and supervision on APNs' OC. The
Partial Least Squares (PLS) is a unique assessment method that can
identify the direct effects of variables and moderating effects on a
dependent variable (e.g., commitment).

The current study was conducted on APNs in the largest hospital
in South Korea (‘Korea’ hereafter). This hospital has employed the
largest number of APNs (n ¼ 378) and has the longest-running (20
years) APN program in Korea. The Korean healthcare system ex-
ceeds global standards for excellent medical care, and APNs play a
pivotal role in it. However, the Korean healthcare system is expe-
riencing the same problems that healthcare systems over the world
are: physician shortages in residency programs and an urgent need
to deliver optimal care at low costs. In Korea, as in many other
countries, APNs perform some of the functions that physicians do

or work as full team members with physicians. They are experi-
encing the same barriers experienced the world over by APNs. The
findings of this study are likely to have relevant implications for
APNs in general.

Literature review and theoretical background

Some research on various factors affecting OC has been previ-
ously conducted. A brief review of the research on the six factors
under consideration in our study– pay scale, job location, super-
vision, job satisfaction, CSE, and POF follows.

Job environment e pay scale, job location, and supervision

Our study considers three aspects of the job environment and
personalfit: pay scale, supervision [15], and job location [10]. A prior
study suggested that these factors play an important role in deter-
mining the personal expectations of a job position and in building a
strong connection between employees and organizations [15]. Ac-
cording to Porter& Steers (1973), immediatework environment, job
satisfaction, and pay scale are three essential elements influencing
employee turnover rate and absenteeism. In our study, supervision
is taken to be a part of the immediate work environment, while pay
scale counts as an organization-wide factor.

Pay scale measures an employee's emotional satisfaction at a
pay level and reflects the organization's judgment of employee
work performance. Pay scale is considered a salient factor, along
with promotion, affecting an employee's compensation for her job
performance and the potential possibility of withdrawal from her
duties [16].

Job location is an important part of the job environment. Job
location matching an employee's interests and values boosts his/
her job satisfaction [17].

Supervision is an important immediate work environment fac-
tor within an organization [15]. Studies on supervision have
focused on well-fitted dyadic relationships between a supervisor
and a subordinate. For instance, similar personalities, similar
values, and goal congruity among supervisors and subordinates are
considered important factors in achieving a strong supervisor-
employee relationship [10]. A supervisor's support for employees
is crucial in securing positive employee responses and behaviors in
challenging and troublesome situations [18]. Our study focuses on
the relation of APNs' pay scale and job location to her OC, and on
supervisors' support for APNs' performance, recognition of suc-
cessful job performance, and assistance to APNs in resolving con-
flicts in the medical setting.

Job satisfaction

In general, satisfaction is defined as “the summary psychological
state resulting when emotion surrounding disconfirmed expecta-
tion is coupled with the consumer's prior feelings about the con-
sumption experience” [19]. Specifically, job satisfaction is referred
to as a positive feeling that one holds toward one's job, resulting
from the appraisement and various experiences one has at a
workplace [14,20]. Our study focuses specifically on the satisfaction
that an APN experiences in 1) providing medical interventions to
clients/patients, 2) being recognized by the supervisor because of
successful performance of duties, and 3) interacting with patients/
clients. A study of APNs' job satisfaction reveals that it is an integral
part of healthcare performance, retention, and the delivery of
quality work [21]. It is also an important factor affecting turnover
intention [15].

Prior studies also emphasized that job satisfaction can be salient
in playing a direct role but also in becoming a moderator among
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various employee perceptions. Accordingly, we consider all of the
above theoretical characteristics of job satisfaction as a direct in-
dicator and a moderator between constructs within our research
framework in the APNs' OC context.

Based on the theoretical characteristics of job satisfaction as a
direct indicator and a moderator between constructs, we employed
job satisfaction to examine its both direct and moderating effects on
other variables to APNs' path to OC within our research frameworks.

Computer self-efficacy

CSE is rooted in the original concept of self-efficacy, which can
be defined as the judgment of one's own capability to organize and
execute courses of action required to attain designated types of
performances [17]. Thus, an individual's degree of self-efficacy af-
fects the selection of behavioral activities and their eventual per-
formance, given their current state of motivation [22]. CSE can be
defined as “a judgment of one's capability to use a computer” [12]
to organize and execute computer-related courses of action. Since
self-efficacy affects our behaviors and performances, it is likely that
CSE does the same.

In today's work environment, CSE can be essential to the per-
formance of an APNs' daily duties. CSE is not simply measuring an
APN's computing proficiency in hardware and software manage-
ment for the assigned daily duties. Rather, an APN's CSE reflects his
or her judgment of capability to organize and execute computer-
related medical duties assigned to him/her. Recent studies note a
positive relation among CSE, work performance, and job satisfac-
tion in a variety of work contexts [22]. In all likelihood, an APNwith
a higher level of CSE is capable of successfully mastering a more
comprehensive array of duties in a computing environment than an
APN with lower CSE. Almost by definition, a higher level of CSE
indicates a greater ability to work in a clinical environment with
diverse software or hardware. Belief in one's mastery of computer-
related daily duties would produce higher job satisfaction for an
APN. In our study, we did not measure “internet self-efficacy”
which can be essential to the performance of APNs' daily duties and
to job satisfaction.

Person-organization fit (POF)

POF indicates the congruence of values between an individual
and an organization. In detail, unlike person-job fit, which concerns
aspects of people's job-related qualifications (e.g., skill, knowledge,
and capability), POF concerns an individual's and an organization's
congruence of beliefs, values, and norms [23]. For instance, a good
POF implies a close alignment of an individual's values with an
organization's aims. If people perceive themselves as fitting well
within an organization, they tend to regard themselves as a part of
the organization and are more likely to join a “psychological group”
within an organization [24]. This type of POF is the one under
consideration in our research. Other types of POF include needs e
supplies fit and demands e abilities fit [25,26]. Needs e supplies fit
occurs when an organization fulfills an individual's needs and de-
sires in response to or in return for an individual's service [24]. A
demands e abilities fit between an organization and an individual
occurs when an individual is capable of satisfying the organiza-
tion's demands, resulting in high job performance [13].

Another significant aspect of POF is the distinction between actual
and perceived POF.While actual POF refers to “the actual similarity of
an employee and an organization on fundamental characteristics,”
perceived POF refers to “the extent to which individuals believe they
fit the organization” [27]. In our research, we focus on perceived POF,
since our research is based on the perception of APNs.

Little work has been done on APNs' POF and its significance.
Organizations have simply assumed that APNs have or will adopt
their beliefs, values, and norms; mutual congruence has not
been a question that organizations have had in mind [28]. But a
study of RNs employed in a Midwestern hospital system shows
that perceived POF produces positive work outcomes and impact
[29].

Hypotheses development and research model

Based on a comprehensive literature review and the theoretical
background stated above, we constructed a theoretical conceptual
framework that organizational commitment is explained by
Person-Job Environment, POF, CSE, and Job Satisfaction (see Figure
S1 in the Supplementary Tables and Figures).

We developed the following six hypotheses on the direct and
indirect associations of the variables affecting APNs' OC and a
research model to test those hypotheses (see Figure 1).

The role of job environment (job location, pay scale), computer self-
efficacy, and POF

Individuals who fit well in their job environment showed a high
degree of job satisfaction, job motivation, mental health, socializ-
ation, and OC [12]. However, financial, structural, and social barriers
in the job environment adversely affect individuals' work perfor-
mance [30]. An organization that provides a better job environment
will positively affect employees' POF. The literature indicates that
job location and pay scale, as aspects of the job environment, in-
fluence APNs' POF. In particular, fewer environmental barriers in
pay scale and job location tend to result in the perception of higher
compatibility with an organization.

The concept of CSE records a computer user's self-judgment
about his or her capability to use a computer to successfully com-
plete a specific task, as well as his or her perception of what can be
done in the future [31]. In today's work environment, CSE is
essential to the performance of an APN's daily duties. In all likeli-
hood, an APN with a higher level of CSE is capable of successfully
mastering a more comprehensive array of skills in a computing
environment than an APN with lower CSE. A study found that an
individual's anxiety about computer capability is a barrier to suc-
cessful performance and liable to result in a lower perception of
POF [32]. We claim that APNs who have successfully adapted to a
work environment and attained high CSE tend to share their or-
ganization's values and beliefs and positively perceive their fit to
the organization (H3). Thus, we posit:

H1-3. An APN's job location (H1), pay scale (H2), and CSE (H3) are
positively associated with his or her POF.

The role of job satisfaction, POF, and supervision

An APN's job satisfaction is an integral factor affecting retention
and the delivery of quality work [21]. It is also a crucial factor
affecting an employee's turnover intention [15].

Higher job satisfaction is derived from active and positive in-
teractions with other organization members. Prior studies show that
APNs' job satisfaction is positively associated with supervision. Thus,
weargue that jobsatisfaction increaseswhenAPNsareacknowledged
by their supervisors or other nurses [6,21,33]. A supervisor is an active
member of an organizationwho represents the organization's values
andwho interacts directly with APNs. Job satisfaction is derived from
interactions with other organization members. Accordingly, APNs
with higher job satisfaction tend to perceive supervision more posi-
tively if a little conflict occurs, and harmonious job performance is
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achieved through smooth interaction with a supervisor. Job satisfac-
tion is also significantly associatedwith POF [34]. The degree of APNs'
job satisfaction is likely to affect the perceived value of the employer
organization, the hospital.

Based on the review of the literature, we posit that job satisfaction
positively affects both POF and supervision. Since APNs with high
perceptionPOFare likely to rate supervisionmorepositively if theyare
satisfied with their jobs, we claim that APNs' job satisfaction moder-
ates the relationship between POF and supervision. That is, we posit

H4. An APN's job satisfaction is positively associated with his or
her POF (H4a) and supervision (H4b).

H4c. An APN's job satisfaction positively moderates the relation-
ship between POF and supervision.

The role of person-organization fit (POF)

POF concerns an individual's and an organization's congruence
of beliefs, values, and norms [23]. High POF indicates a close
alignment of an individual's beliefs, values, and normswith those of
an organization. Multiple studies show that POF has a significant
effect on job satisfaction, commitment, and intention to leave a
position [35].

An individual's desire to remain in an organization is stronger
if his/her perceived POF is positive. That, in turn, affects employee
turnover [36]. Highly positive POF is correlated with strong OC
and a low turnover rate [37]. In addition, positive POF provides an
employee with a sense of meaningfulness and psychological
attachment to an organization. That leads to a higher employee
engagement level and consequently a lower turnover rate [38].

Organizations have simply assumed that APNs have or will
adopt the beliefs, values, and norms of their organizations; mutual
adjustment has not been a question for organizations [28]. A study
of RNs employed in a Midwestern hospital system, however, shows
that highly positive POF, conceptualized in terms of supplementary
adjustment and congruence, produces positive work outcomes
[29]. Supplementary congruence occurs when an organization and
an individual share similar fundamental characteristics [25]. Given
these findings, we claim 1) that an individual's willingness to
remain in an organization tends to be stronger if he/she perceives
high congruence of his/her beliefs, values, and norms with those of
the employing health care organization.

Research has also found that employees' POF plays a vital role
in supervisor ratings and career success [27]. With organizational
assimilation, based on shared values and organizational goals,
mentees' relationships with mentors evolve positively [23]. A
supervisor's role in supporting APNs is particularly significant as
far as the POF perspective is concerned. APNs' supervision ratings
are positive when they believe that their values and beliefs
coincide with those of supervisors. Supervisors represent and
promulgate a healthcare organization's culture when they sup-
port and assist APNs. The higher the perceived POF, the more
positive the supervision rating [33]. Thus, we claim 2) that POF
influences APNs' rating of supervision. On the basis of 1) and 2),
we posit:

H5. An APN's POF is positively associated with his/her OC (H5a)
and supervision performed within the healthcare organization
(H5b).

The role of supervision

Supervision is referred to as a supervisor's managing style to-
ward his or her subordinate, interaction with a working unit and
peers, providing feedback based on his or her working experience,
and the receipt of recognition as an important immediate job
environment factor within an organization [15].

Supervisors can significantly influence workers' wellbeing,
personal growth, and development. Workers who receive guid-
ance and support from their supervisors exhibit higher OC levels
[39]. Supervisors support for employees is crucial in securing
positive employee responses and behaviors in challenging and
troublesome situations [18]. An employee's relationship with his/
her supervisor plays an important role in his/her OC [40]. In
addition, a positive relationship between supervisors and em-
ployees is strongly associated with lower employee turnover
rates, a more positive job attitude, and a higher satisfaction level
[10]. When APNs perceive that their supervisors “are on their
side” as far as their professional work and growth are concerned,
their emotional bonds with them deepen and a strong OC results
[33]. Given these findings, we claim that a higher APN rating of
supervision leads to a stronger commitment to a healthcare
organization.

H6. Supervision is positively associated with OC.

Figure 1. Research Model and Hypotheses.
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The research model from the literature review and the hy-
potheses we posit is shown in Figure 1.

Research method

Study design

Our study identifies inter-relationships among the key factors
affecting APNs' OC: job environment, job satisfaction, POF, and
supervision. To this end, a cross-sectional research design
employing a survey was used. Hypotheses were tested using the
PLS method. The PLS method is one of the two analysis methods of
the structural equation model (SEM). One method is covariance-
based, the other is variance-based. The PLS method offers benefits
that include: identifying the possible existence of nonlinear re-
lationships among measured constructs, being well-suited for a
small sample size, and recognizing mediating or moderating effects
among constructs [41,42]. In addition, the PLS is well known for its
capability to explore significant associations among latent

variables. That is a welcomed benefit: our research model recog-
nizes the possibility of just such significant associations among
latent variables.

Ethical considerations

The current study (Proposal #2018-1400) was approved by the
IRB in the Asan Medical Center in which the research was
conducted.

Selection of measurement items

To measure the core dependent variable of organization commit-
ment, five measurement items were adopted from a prior study [43].
Selected survey items correspond to organization commitment,
defined as “the strength of an individual's identification with and
involvement in a particular organization” [16]. Next, three items to
measure POF were adopted [24]. The items represent employees'
perception of organization fitting, with organization fit conceptualized
in terms of congruence of personal values with an organization's cul-
ture [24]. APNs' job satisfaction (three items), supervision (three items),
and pay scale (two items) were adopted from Sutton and Griffin [15]
The items measure APNs' emotional responses to their daily duties,
current working environment, and position compensation. Five items
tomeasure CSEwere adopted from Compeau and Higgins [12]. All five
are rooted in the theory of self-efficacy proposed by Bandura [17]. The
theory is constructed to explain “people's judgments of their capabil-
ities toorganizeandexecutecoursesofaction toattaindesignatedtypes
of performance”. Finally, two items measure APNs' perceptions of job
locationasanenvironmental factoraffectingPOF.Nineadditional items
concern demographics for control variables (gender, years of working,
law compliance, education, affiliated department, age, motive, marital
status, and paid leave).

All survey items were assessed using a 7-point Likert scale
ranging from “1 (strongly disagree)” to “7 (strongly agree)”, except
for the construct of CSE. The CSE items were measured using a
bipolar continuum of 10 scales. Survey questions were translated
into Korean by the authors. Four bilingual nursing professionals
with a master's or higher degree validated the translation. One
author later reverse-translated the survey questions into English
and confirmed the validity of the Korean translations.

With PLS-SEM/variance-based SEM models as guides, three or
four items were selected for each construct on the basis of cross-
loadings. It indicated the best reflective latent variable and quali-
fied the uni-dimensionality and the maximum of latent variable
identification of each construct [44].

Participants

The survey was conducted at the largest hospital in South Korea.
The hospital is located in Southeast Seoul. It has 2705 beds and
serves, on average, 11,885 outpatients and 2540 inpatients per day.
The survey was limited to APNs. APNs are divided into two groups:
clinical nurse specialists (CNSs) and physician assistants. The hos-
pital employs approximately 120 CNSs. Nurses are certified as CNSs
through a CNS exam. CNSs have been engaged in nursing research,
have acquired professional knowledge in clinical nursing, and have
served patients in practice areas designated by the APN executive
council. The hospital also employs 258 physician assistants. Among
them, 86 are members of the Department of Medical Specialty,
while 172 are members of the Department of Nursing.

Table 1 Characteristics of Participants.

Characteristics N (%)

Gender
Men 2 (1.1)
Women 184 (98.4)
No response 1 (0.5)

Age
21e30 12 (6.4)
31e40 113 (60.4)
41e50 59 (31.6)
51e60 2 (1.1)
No response 1 (0.5)

Marital status
Married 141 (75.4)
Single 45 (24.1)
Divorced 1 (0.5)

Education
AND 3 (1.6)
BSN 54 (28.9)
Master 124 (66.3)
Ph.D. 6 (3.2)

Affiliated department
Nursing 183 (97.9)
Medical 1 (0.5)
Others 2 (1.1)
No response 1 (0.5)

Paid leave
Yes 34 (18.2)
No 152 (81.3)
No response 1 (0.5)

Years of working
3e5 years 2 (1.1)
6e10 years 32 (17.1)
11e15 years 48 (25.7)
16e20 years 68 (36.4)
21e25 years 29 (15.5)
26 years or more 7 (3.7)
No response 1 (0.5)

Law compliance
Yes 159 (85.0)
No 28 (15.0)

Motive
Being assigned/transferred 17 (9.1)
Being interested in 18 (9.6)
Working in a more professional position 119 (63.6)
To avoid a work shift (e.g., 8-hours or night shift) 10 (5.3)
To pursue a self-development 22 (11.8)
Others 1 (0.5)

Note. ADN ¼ Associate Degree in Nursing; BSN ¼ Bachelor of Science in Nursing.
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Paper survey materials were sent to 200 APNs in the hospital.
One hundred and eighty-nine participants (95.5%) answered and
returned the survey. In determining the minimum sample size, a
prior study suggested calculating the statistical power and effect
sizes a priori [45]. Assessing a priori by power analysis in PLS-SEM
benefits minimizing Type II errors (false negative e not declining a
false hypothesis). Therefore, we set the standard values of effect
size f 2 (a value of .1), error probability a (a value of .05), and power
(1-a) (a value of .8) using G*Power 3.1 [46] to gain prior knowledge
of the required sample size. Doing so enables the avoidance of Type
II errors [47]. The number of predictors is set for two reasons. First,
the maximum number of paths directed to a single construct in a
valid research model is four; and second, on the research model,
POF is influenced by job satisfaction, job location, pay scale, and CSE
[42]. The minimum required sample size for securing valid results
was determined to be 125. Detailed demographic information
about the participants is shown in Table 1.

Ninety-eight percent (n ¼ 184) of ANPs surveyed were female.
The age range was 21 to 60 and was divided into four groups.
Ninety-two percent of the participants (n ¼ 172) fell into two age
groups. The range of the two age groups was 31 to 50. Seventy-five
percent of participants were married at the time of the survey.
More than 60.0% of the participants had earned a master's degree,
and more than 90.0% at least a bachelor's degree. Almost all
participants (98.0%) were working in the nursing department. 152
participants (81.3%) answered that they did not have paid leave.

Data collection process

After the IRB approval, a briefingon the researchwas conducted at
a meeting of APNs at the hospital. Names of volunteering APNs were
collectedby theDepartmentofNursing andsent to the research team.
The research team then sent emails to volunteering APNs to confirm
their willingness to participate in the study. APNs who confirmed
theirwillingness to participate received a package inwhich the paper
survey, a consent form, and a self-addressed and stamped envelope
were included. Participating APNs completed the survey, signed the
consent form, andmailed them to the research team. After remaining
sealed for two weeks, the surveys were opened for analysis.

Data analysis

WarpPLS 7.0 software was used to test the hypotheses and
analyze the research model [48]. Two model assessments of the
data were conducted. A measurement assessment confirmed the
validity and reliability of the data, measured by convergent validity
and discriminant validity. A structural model assessment identified
path coefficients, effect sizes, and p-values. Details can be found
below.

Results

Measurement model assessment

We assessed a measurement model using internal consistency,
convergent validity, and discriminant validity per PLS-SEM
reporting standard [42]. Internal consistency is examined by com-
posite reliability and Cronbach's a. Convergent validity is examined
by indicator reliability. Our analysis shows that the composite re-
liabilities ranged from .96 to .84 and Cronbach's a ranged from .62
to .93 (see Table 2). All indicator reliabilities are higher than the
minimum of 0.6 (see Table 2). Thus, measures of internal consis-
tency and convergent validity met or surpassed the recommended
minimum thresholds [42,44].

Discriminant validity is identified by the heterotrait-monotrait
ratio of correlations and examined by the cross-loadings of each
construct. All heterotrait-monotrait ratio values in our measure-
ment model are smaller than the conservative threshold of 0.85
[42]. Thus, all constructs are conceptually distinct (see Table 2).
The rotated cross-loadings of each construct are much less than
the indicator's outer loadings (see Table S1 in the Supplementary
Tables and Figures). Thus, all results support discriminant
validity.

Structural model assessment and hypothesis testing

In testing the hypotheses, our results show that APNs' pay scale
is positively associated with POF (b¼ 0.21, p < .001), indicating that
H2 is supported (see Figure 2).

Table 2 Summary Statistics of Constructs, Convergent Validity and HTMT.

Constructs Items M ± SD Composite Reliability Cronbach’s a Heterotrait-Monotrait Ratio (HTMT)

OC SUP JS PAY POF JL CSE

Organization Commitment (OC) OC1 5.85 ± 0.94 .90 .86 1.00
OC2 6.06 ± 0.90
OC3 5.86 ± 1.03
OC4 5.75 ± 1.23
OC5 6.43 ± 0.84

Supervision (SUP) SUP1 5.28 ± 1.21 .86 .76 .48 1.00
SUP2 4.93 ± 1.37
SUP3 4.83 ± 1.34

Job satisfaction (JS) JS1 5.83 ± 0.86 .89 .81 .71 .55 1.00
JS2 5.88 ± 0.80
JS3 5.71 ± 0.91

Pay Scale (PAY) PAY1 4.83 ± 1.24 .94 .87 .37 .41 .45 1.00
PAY2 4.75 ± 1.27

Person-Organization Fit (POF) POF1 5.44 ± 0.92 .96 .93 .69 .50 .72 .48 1.00
POF2 5.39 ± .95
POF3 5.33 ± 0.98

Job Location (JL) JL1 5.50 ± 1.29 .84 .62 .48 .32 .53 .46 .50 1.00
JL2 4.96 ± 1.39

Computer Self Efficacy (CSE) CSE1 8.42 ± 1.421 .93 .90 .36 .30 .46 .19 .36 .42 1.00
CSE2 8.57 ± 1.30
CSE3 9.16 ± 1.09
CSE4 9.06 ± 1.09
CSE5 8.77 ± 1.27

Note. CSE ¼ Computer Self-Efficacy; JL ¼ Job Location; JS ¼ Job Satisfaction; PAY ¼ Pay Scale; POF ¼ Person-Organization Fit; SUP ¼ Supervision; OC ¼ Organizational
Commitment.
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However, job locationandCSEarenot associatedsignificantlywith
POF (respectively:b¼ 0.11,p¼ .061;b¼�0.8,p¼ .138).H1andH3are
thus not supported. As for H4, job satisfaction has a significant effect
onbothPOFand supervision (respectively:b¼0.48,p< .001;b¼0.27,
p< .001). H4a andH4b are thus supported. The results also show that
job satisfaction positively and significantly moderates the relation-
ship between a supervisor and person-organization fit (b ¼ 0.14, p ¼
.024).H4c is thus supported. Inparticular, supervision is influencedby
APNs' low and high job satisfaction levels as the degree of POF in-
creases (that is, as toward the right side of the POF axis. See Figure S2
in the Supplementary Tables and Figures). Givena low job satisfaction
level, the effect of supervision gets suddenly weaker when the POF
becomes positive on the POF axis. However, given a high job satis-
faction level, the supervision effect is greaterwhen the POF increases.
Note that the WarpPLS application assumes nonlinear relationships
among people's perceptions and behaviors. This is because such
nonlinear relationships are common and well-established in social
studies [41].

Regarding H5, POF is positively and significantly associated
with both an APN's commitment to healthcare organization and
supervision (respectively: b ¼ 0.41, p < .001; b ¼ 0.27, p < .001).
H5 is thus supported. Supervision has a positive effect on OC (b ¼

0.14, p ¼ .028). H6 is thus also supported. Among control vari-
ables, only age, motive, and marital status are statistically sig-
nificant (respectively: b ¼ 0.13, p ¼ .032; b ¼ 0.13, p ¼ .031; b ¼
�0.19, p < .004).

Total indirect effects and specific indirect effects in this model
are listed in Table 3. In examining indirect effects, the path of job
satisfaction / POF / OC indicates both the highest total and
specific indirect effects.

Discussion

The study investigated the key factors affecting APNs' OC in their
healthcare organization. The results provide a number of insights.

The aspects of the work environment (i.e., job location e H1 and
pay scaleeH2) showmixed relations, resulting inmixed outcomes.
Pay scale for APNs is a significant factor for POF, but job location is
not. In the case of job location, 93.0% of the survey participants
reported that they had worked in the hospital for more than 8
years. We infer that their place of residence is within a readily
commutable distance; thus, job location does not significantly
affect POF. Participants considered pay scale an important factor
impacting POF. This finding aligns with the findings from prior

Table 3 Total and Specific Indirect Effects.

Constructs Indirect Paths Specific indirect effects (p-value) Total Indirect Effect (p-value)

OC PAY PAY / POF / SUP / OC 0 (.428) .09 (.033)
PAY / POF / OC .09 (.045)

JS JS / POF / OC .20 (<.001) .26 (<.001)
JS / POF / SUP / OC .02 (.338)
JS / SUP / OC .04 (<.001)

CSE CSE / POF / OC �.03 (.264) �.03 (.246)
CSE / POF / SUP / OC 0 (.473)

JL JL / POF / OC .05 (.186) .05 (.166)
JL / POF / SUP / OC 0 (.462)

POF POF / SUP / OC .04 (.239) .04 (.239)
SUP PAY PAY / POF / SUP .06 (.138) .06 (.138)

JS JS / POF / SUP .13 (.006) .13 (.006)
CSE CSE / POF / SUP �.02 (.342) �.02 (.342)
JL JL / POF / SUP .03 (.282) .03 (.282)

Note. CSE ¼ Computer Self-Efficacy; JL ¼ Job Location; JS ¼ Job Satisfaction; PAY ¼ Pay Scale; POF ¼ Person-Organization Fit; SUP ¼ Supervision; OC ¼ Organizational
Commitment.

Figure 2. Testing Hypotheses. Note: Control variables e only statistically significant variables are included in the figure.
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studies [49]. Well-paid APNs tend to perceive high congruencewith
their organizations.

CSE was examined in relation to APNs' years of working expe-
rience, in conjunction with the length of electronic health records
(EHR) and EHRs use in the hospital. Our finding is that CSE is not a
significant factor affecting APNs' perceived POF. Some APNs, how-
ever, expressed a desire for hospital assistance with new EHRs
systems. This indicates a need for future research concerning APNs'
perception of CSE in updated computing environments and the
impact of such perception on POF.

The study also shows that job satisfaction is a salient factor un-
derlying precursory factors (e.g., supervision and POF) affecting OC.
Job satisfaction thus plays a dual role: 1) it is a direct antecedent
factor influencing both supervision and POF and 2) it is a simulta-
neous moderator between POF and supervision. In particular, in the
examination of the moderating effects between POF and supervison,
the level of job satisfaction plays a crucial role in explaining the
relationship between POF and supervision; given a high job satis-
faction level, POF and supervision are positively associatedwith each
other; given a low job satisfaction level, POF and supervision are
negatively associated with each other at a certain point.

Another salient aspect of job satisfaction is found in the path
of JS / POF / OC in Table 3. This path shows the strongest
indirect effect (.20) among other specific indirect effects. The
total indirect effect between JS and OC is the greatest (.26)
among all total indirect effects. Our findings indicate that APNs'
job satisfaction cannot sufficiently explain his or her OC if the
APNs' perception of POF is not considered in the relationship
between JS and OC.

The findings point to an effective potential resource for the
retention of APNs and for the improvement of overall quality
healthcare: the enhancement of APNs' job satisfaction. APNs' job
satisfaction can be enhanced effectively when patients and super-
visors recognize the contribution and value of APNs' performances.
Well-crafted institutional programs can promote such recognition
and thus enhance APNs' job satisfaction.

Concerning POF, the findings indicate the important role of POF
on supervision and OC. Both our research and earlier studies sup-
port POF's association with OC. Survey participants are strongly
committed to their organizations when their perceived organiza-
tion values fit well with their own personal values. Another sig-
nificant finding is an association of POF with supervision rating.
This finding deserves the attention of healthcare organizations
because personal value congruence with an organization's value is
strongly associated with the interaction between an individual and
his or her supervisor at their duty stations.

The congruence of APNs' aims and values with those of their
organization is not easy to achieve. Values tend to diverge in an
institutional setting, but one-sided assimilation of APNs' values to
those of a health organization is neither desirable nor possible.
Neither is the converse assimilation. Necessary is a mutual effort by
both parties through transparent communication and negotiation
of values, led by the healthcare organization [50]. Such congruence
requires that the organization strive to establish ethical and socially
acceptable mission/value statements and policies on promotion,
reward, and the resolution of conflicts and to secure the acceptance
of such statements and policies from organization stakeholders,
including APNs. Efforts need to be made to know and reflect on
APNs' values and goals and to include APNs in the decision-making
process. The decision-making process must be inclusive, trans-
parent, and equitable for APNs and all stakeholders. APNs' POF
would be best promoted with committed organizational support
for the mutual congruence between APNs and their organizations.
Committees or programs constructed to serve that purpose are
indirect routes to improved POF.

The construct of supervision influences OC directly. Our
finding is in keeping with other studies: a more supportive and
helpful supervisor enhances APNs' commitment to a healthcare
organization [21,33]. Our findings suggest that supervisors of
APNs should develop positive relationships with them and be
supportive in guiding, evaluating, and assisting them. Positive
supervision results from a committed organizational effort to
initiate and support clear and transparent communication and
the professionalism of supervisors. Committed organizational
support for effective supervision of supervisors for APNs is much
needed.

Implications

Our discussion has indicated the need for committed organi-
zational support to enhance job satisfaction, POF, and supervision
for the OC of APNs. At the hospital where the research was con-
ducted, there is an APN steering committee which manages APN
job duties. The committee consists of top-ranking officers and APN
supervisor representatives in the hospital. Among its powers and
duties are setting pay rates, promoting APNs, evaluation and
recognition of job performance of APNs, and communication with
supervisors regarding organization policies and activities. This
steering committee has been recognized as an effective instru-
ment in managing the APN system. APNs are managed by super-
visors who communicate with administrators and convey
organizational values and norms to APNs. The APN steering
committee has been instrumental in enhancing the positive rat-
ings of supervision, POF, and OC. Our results thus have important
practical implications for reducing the APN turnover rate. They
suggest that establishing an APN steering committee or estab-
lishing a procedure that ensures direct and transparent commu-
nication among the healthcare organization, supervisors, and
APNs may help achieve high POF and high ratings of supervision,
as well as secure higher OC levels.

Limitations

Our research has limitations as follows; first, studies of the OC
of APNs are relatively rare. Our findings are based only on data
collected at a single hospital in Korea. Even though it is the
largest hospital in Korea, the findings need to be further vali-
dated. To increase confidence in the results, more research in
different social and cultural settings is needed. Additional
research will help clinical policymakers devise effective strate-
gies to improve APNs' OC.

Second, given that our data are cross-sectional, causal re-
lationships cannot be inferred from our findings. For example, (1)
job satisfaction can play a role as both an antecedent condition and
as a target variable, and (2) POF may be, given only our data, an
outcome variable influenced by supervision. Cross-sectional data
alone are not sufficient to confirm the causal relationships that our
results may suggest. Confirmation requires not just the collection
and analysis of similar data over periods of time but a more
rigorous test to draw inferences about causal relationships among
constructs.

Last, our studyoffersuseful insights intoAPNs'OC level ata specific
place and point in time, but OC is always at least partly a function of
placeand time.Wethus suggest that culturallydisparateand in-depth
longitudinal studies of APNs' OC be conducted. This is of some
importance. Shortages of APNs already exist, and duties, positions,
status, staffing, institutional arrangements, and other variables are
ever changing. Identifying factors which significantly impact OC can
provideadeepermanagerial insight and therebyhelp to improveAPN
loyalty and enhance APN retention.
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Conclusions

Our conclusions are: 1) Job satisfaction significantly impacts
APNs' POF and supervision. 2) POF significantly impacts APNs' OC.
3) Supervision has a high impact on APNs' OC. These findings
suggest that healthcare organizations strive to retain APNs pri-
marily by enhancing their job satisfaction, their POF, and supervi-
sion. If our study suggests one practical implication for nursing
management, it is to establish an entity such as the APN steering
committee or an official procedure to establish and enhancemutual
consensus and transparent communication between administra-
tors and APNs.
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Appendix 1. Measurement Items

Organization Commitment

OC1. I talk up my healthcare organization to my friends as a
great place to work.

OC2. I am proud to tell others that I am part of my healthcare
organization.

OC3. I am extremely glad that I chose this healthcare organi-
zation to work for over others I was considering at the time I joined.

OC4. For me, this is the best of all possible healthcare organi-
zations to work.

OC5. Deciding to work for my healthcare organization was a
definite mistake on my part (RC).

Supervision

SUP1. My Clinic Manager is helpful in resolving issues of conflict.
SUP2. My Clinic Manager is supportive when I need to increase

or decrease my scope of practice for the needs of my patients.
SUP3. Good performance is acknowledged.

Job Satisfaction

JS1. Patients and my Clinic Manager value my intervention.
JS2. Work is rewarding.
JS3. My intervention makes a difference to patients and my

Clinic Manager.

Pay Scale

PAY1. I am content with my level of compensation.
PAY2. My compensation is an adequate reflection of my

performance.

Job Location

JL1. My clinic location fits my interests.
JL2. My community matches my interests for outside of work

activities.

Person-Organization Fit

POF1. The things that I value in life are very similar to the things
that my healthcare organization values.

POF2. My personal values match my healthcare organization's
values and culture.

POF3. My healthcare organization's values and culture provide a
good fit with the things that I value in life.

Computer Self-Efficacy

I could complete the job using the software package…..

CSE1 …. If I could call someone for help if I got stuck:
CSE2 …. If someone else had helped me get started:
CSE3 …. If I had a lot of time to complete the job for which the
software was provided:
CSE4 …. If I had just the built-in help facility for assistance:
CSE5 …. If someone showed me how to do it first:

Demographic Information

(Gender) What is your gender?

1. Male
2. Female

(Age) What is your age? ( )
(Affiliated Department) Please select your current working

department

1. Nursing office
2. Medical office
3. Others

(Marital Status) Please select your marital status

1. Married
2. Single
3. Divorced

(Motive) Please select your motivation to become an NP or
ANP

1. Being assigned/transferred
2. Being interested in
3. Working in a more professional position
4. To avoid a work shift (e.g., 8-hours or night shift)
5. To pursue self-development
6. Others

(Years of working) Please indicate years of working in the
current hospital ( )

(Paid leave) I can use all my available vacation or leave days
whenever I wish.

1. Yes
2. No
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(Law compliance) I amworried about working in the current
position of NP or ANP because of a lack of relevant protective
laws and compliance.

1. Yes
2. No

(Education) Please indicate your terminal degree.

1. AND
2. NSN
3. Master
4. Ph.D.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.anr.2023.03.002.
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s u m m a r y

Purpose: The study aimed to translate the Paternal Postnatal Attachment Scale (PPAS) into Korean and to
evaluate the validity and reliability of the Korean version of the PPAS (K-PPAS).
Methods: The PPAS was translated, back-translated, and reviewed by 12 experts and 5 fathers following
the World Health Organization's guideline. A convenience sample of 396 fathers with infants in their first
12 months participated in this study. For construct validity, an underlying factor structure and model fit
was assessed with an exploratory and confirmatory factor analysis. Convergent and discriminant
validity and reliability of the K-PPAS were evaluated.
Results: The construct validity of the K-PPAS with 11 items was identified by two-factor structures:
healthy attachment relationship, and patience and tolerance. The final model fit was shown acceptable
with the normed chi-square ¼ 1.94, comparative fit index ¼ .94, TuckereLewis index ¼ .92, root mean
square error of approximation ¼ .07, and standardized root mean square residual ¼ .06. This model had
acceptable convergent and discriminant validity for each construct with the values of the composite
reliability and heterotraitemonotrait ratio at a satisfactory level. Discriminant validity with known
groups showed that fathers with no postnatal depression had significantly higher scores on the K-PPAS
than those with postnatal depression. Cronbach's a and McDonald's omega coefficient of the K-PPAS was
.84 and .83.
Conclusions: The K-PPAS would be beneficial to measure postnatal attachment among fathers with in-
fants aged 12 months or younger in Korea. However, further studies are suggested to evaluate the
applicability of the scale considering the various family structures, such as single or foster parents and
multicultural families that exist within the Korean population.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

A father-infant attachment emerges as an importantmechanism
in raising a child and influences the biological, psychological, and
social aspects of a child's development [1]. From biological aspects,
a secure attachment in infants has been associatedwith stimulating
an infant's brain growth and development and allowing strong
emotional immunity to form, making them more tolerant to stress
[1]. Also, a positive paternal attachment in the early infant phase of
childrearing greatly influences the child's later cognitive develop-
ment [2], and these children also grew up to exhibit fewer

behavioral problems, including emotional symptoms, conduct
problems, hyperactivity, peer relationship problems, and prosocial
behavior [3]. In contrast, the children of fathers with disengaged
interactions even at 3 months of age were to manifest early
behavioral problems such as aggression, rebellion, and hyperac-
tivity [4].

Many scholars in pediatric and child psychology suggest that
maternal and paternal roles in caregiving are separate systems from
the evolutionary perspective [5]. When comparing both parents,
mothers as the primary caregiver spend more time with their
children even in the case of both parents having to work full time
[6]. Previous studies had mainly addressed maternal attachment to
a child's developmental outcomes as mothers were considered to
be a more influential figure to children. However, the growing
interest in fathers' involvement in childrearing has become an
increasing trendwith nuclear families and dual-income households
being more prevalent in Korea [7]. Women's participation in the
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workforce might have led to changes in the perceptions of fathers
and mothers sharing parenting and housework [8]. With this
transition, recent studies have explored the role of Korean fathers
as caregivers and their impact on children's development [9,10].

Although recent studies have highlighted the importance of
paternal involvement in early attachment with their infants
[11,12], evidence concerning paternal attachment towards an in-
fant was less examined in comparison to maternal attachment
due to a limited number of valid assessment tools available in
Korea [13]. Several maternal attachment measures varying from
self-report questionnaires to observational approaches have been
translated into Korean, such as theMaternal Postnatal Attachment
Scale [14], Maternal Attachment Inventory [53], and Attachment
Q-sort [15].

However, only one scale, the Paternal Attachment Scale (PAS)
[16], has been available to assess paternal attachment in infancy in
Korea. The PAS [16] is developed from the father's perspective to
describe the involvement with his neonate, who refers to a child
aged under 28 days [17]. It is a self-report measure of 35 items with
seven subscales, which assess traits such as absorption, preoccupa-
tion, and interest exhibited in fathers who have formed bonds with
their newborns. Often the term “infant” has been used inter-
changeably with the term “neonate” regarding paternal attachment
in Korea.While the PASmeasures paternal attachment in neonates, it
has been referred to and used in previous studies to describe
paternal attachment in infants [18,19], which is an unsuitable usage
of the tool for fathers of infants as old as 24 months [17]. Moreover,
the use of the PAS in cross-cultural studies may also be limited with
its measuring concepts developed and addressed in Korean. Hence,
to accurately assess the correct age group of the infants, tools that
assess mother-infant attachment were used by modifying words
such as “mother” to “father” [20]. Nonetheless, this is still inadequate
because mothers and fathers develop attachments differently [21].
Therefore, a tool that specifically assesses father-infant attachment
more accurately with infants correctly termed is in need.

On the other hand, the Paternal Postnatal Attachment Scale
(PPAS) [22] consists of 19 items with 3 subscales that measure
the affective and cognitive part of paternal attachment by
considering the subjective experience of a father in forming an
attachment with his infant up to 12 months. The formation of a
father's attachment with an infant up to 1-year-old has been
considered a crucial developmental milestone for infants [11], as
the growth and development of major functional networks occur
within the first year of life [23]. Likewise, according to Bowlby
[24], the sensitive period for the development of infant attach-
ment is from 6 to 24 months. In contrast to the PAS, the PPAS
properly captures the crucial period in which infants develop an
attachment with their fathers, and a further assessment has
proven it to be an acceptable measure for paternal attachment
with infants that are 24 months old [25]. Thus, regardless of the
terms of age used in the original study, the PPAS has been shown
to assess the important developmental period of attachment
across infancy. Moreover, because it has been used in many
studies worldwide and was translated and adapted for use across
diverse cultures with good validity and reliability to the original
scale [26e28], it can also be used in cross-cultural studies. In
light of the aforementioned gap in the postnatal field, a cross-
culturally validated tool like the PPAS that evaluates attach-
ment between fathers and infants of ages up to 12 months is
required in Korea.

Hence, the aim of this study is to translate and adapt the PPAS
into Korean and examine the validity and reliability of the Korean
version of the PPAS (K-PPAS). The results of this study will provide a
foundation for future research measuring and understanding
Korean fathers’ attachment to their infants.

Methods

Study design

In this validation study, a cross-sectional study was applied to
evaluate the validity and reliability of the Korean version of the
PPAS. The PPASwas translated into Korean following the four phases
of the guideline of theWorld Health Organization: forward and back
translation, cultural adaptation with an expert panel, content
validity, and pretesting and cognitive interviewing [29]. The psy-
chometric properties of the translated version of the PPAS were
examined among Korean fathers. Permission to use and translate
the PPAS was acquired by the copyright holder prior to this study.

Translation process

Forward and back translation
Firstly, two independent pediatric nurses, who are fluent in both

Korean and English, translated the PPAS into two initial versions.
These two initial versions were synthesized into one version by
reviewing and resolving any inadequately translated expressions or
concepts with an initial team of experts, comprising a professor, a
researcher from the department of psychiatric mental health
nursing, and three pediatric nurses with clinical experience of more
than 6 years. The synthesized version was back translated into an
English version by a bilingual professor in pediatric nursing, who
has studied and worked in the United States.

Cultural adaptation with expert panel
A panel of 6 experts consisted of the initial team of 5 experts in

the previous phase of forward and back translation and the bilin-
gual professor in pediatric nursing. They ensured cultural and
conceptual equivalence and reconcile any discrepancies between
the back translated and the original. The panel agreed on main-
taining item 1 (“When I take care of my child, I get bored or
annoyed”) as the words “annoyance” and “irritation” used in the
original tool were difficult to distinguish in general terms used in
Korean. They also discussed to keep the change of item 13's
response from “Neither” to “I don't care about the amount of time
that I spend with my child” as the original option was unable to
adequately convey the meaning needed for a person to answer a
question. However, the panel suggested that consistency in
response options for the scale should be needed for less confusion,
and all back translated items were adapted into a 5-point Likert
scale. After a consensus was reached within the panel of experts,
the preliminary version of the tool was produced from this process.

Content validity
The final confirmation of the scale was assessed independently

by a panel of 7 different experts with three professors and two
researchers from the department of pediatric nursing and two se-
nior pediatric nurses with more than 10 years of clinical experience.
Experts were asked to evaluate each item on a 4-point Likert scale
(1 ¼ not relevant, 2 ¼ item needs some revision, 3 ¼ relevant but
needsminor revision, and 4¼ very relevant). The values of the item-
level content validity index for each item and the scale-level content
validity index based on the average method above .78 and .90,
respectively, were considered adequate for content validity [30].

Pretesting and cognitive interviewing
The pretesting of the preliminary version of the K-PPAS was

carried out using a purposive sampling method to recruit 5 fathers
who have infants in their first 12 months. These participants were
first-time fathers, with mean age of 34.60 (SD ¼ 5.86) years. All of
them were married with undergraduate degrees and worked full-
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time earning middle-class income. Interviews were performed to
probe about the clarity of words or expressions used in questions. No
problems were raised regarding clarity and comprehension of all
items, and hence, a final version of the K-PPAS was created.

Setting and Samples
The survey for this study was conducted through online child-

rearing communities inKorea. Convenience samplingwas adopted to
recruit fathers. The inclusion criteriawere as follows: fathers aged 18
to 65 with infants in their first 12 months and have no problem
communicating andansweringquestionnaireswritten inKorean, and
have given a statement of consent prior to the study. A total of 396
fathersparticipated in this study, excluding four fatherswhoprovided
incomplete and inconsistent responses to survey questionnaires. To
assess the construct validity of the scale, thenecessary sample size for
factor analysis was suggested as a minimum of 10 participants per
item for exploratory factor analysis (EFA) and 200~300 participants
for confirmatory factor analysis (CFA) [31]. Based on this, the data
sample size was appropriate to conduct the factor analysis.

Ethical Considerations
The current study was conducted after receiving ethical

approval from the Institutional Review Board at Ewha Womans
University (Approval no. ewha-202203-0045-01). Participants
were all informed about this study, and consent was gathered
before commencing data collection.

Instruments
The PPAS [28] is a self-report measure that assesses the

emotional responses of fathers to their infants during the first year
of life in relation to the father-to-infant attachment. It comprises 19
items grouped in three subscales: patience and tolerance (PT) (8
items), pleasure in interaction (7 items), and affection and pride (4
items). Each item is scored with two to five response options. The
score in the questionnaire ranges from 19 to 95, with a higher score
indicating greater father-infant attachment. The PPAS has demon-
strated adequate construct validity and reliability, and Cronbach's a
coefficient ranged from .78 to 81 in the original study.

The K-Edinburgh Postnatal Depression Scale (EPDS) [32] trans-
lated from the original EPDS [33] is administered to assess post-
natal depression. This 10-item scale is scored on a 4-point rating
with a higher score indicating a greater level of postnatal depres-
sion. Cronbach's a coefficient of the K-EPDS and the EPDS was .84
and .87, respectively. As paternal depression is conceptually
differentiated from father-infant attachment [34], the K-EPDS was
used to examine discriminant validity.

Data Collection
This study recruited participants from online childrearing

communities throughout April 2022. Prior to conducting data
collection, consent from the administrators of online childrearing
communities was obtained with a clear explanation regarding the
study's purpose. The details of this study and a URL to the online
survey were posted on each permitted online community. Partici-
pants were informed that their responses would remain anony-
mous and confidential, and assured of their right to refuse or
withdraw their consent at any stage of this study without any
consequences. A statement of consent was obtained from all par-
ticipants before the survey began by allowing only those who have
pressed “I consent” to continue onto the questionnaires. A gift
voucher was given upon the completion of the questionnaires.

Data Analysis
The data were analyzed using IBM SPSS 28.0 and SPSS AMOS

28.0 programs (IBM Corp., Armonk, NY, USA). For the item analysis,

means, standard deviations, skewness (<3), and kurtosis (<10) of
an item's normal distribution [35] and item-total correlations
(�.30) were assessed [36].

Construct validity was evaluated with EFA and CFA. The data
collected were divided randomly to perform the EFA (n ¼ 190) and
CFA (n ¼ 206). To determine the underlying factor structure, prin-
cipal axis factoring with varimax rotation was used in the EFA [37].
The KaisereMeyereOlkin (KMO >.60) and Bartlett's test of
sphericity (p < .05) were used to confirm data suitability [38]. The
optimum number of factors was extracted in accordance with an
eigenvalue of 1 or above the elbow represented in a scree plot [37].
Items with loading onto their primary factors of .40 or above,
alternative factors of .30 or below, and having a loading difference of
.20 between their primary and alternative factors were considered
acceptable [38]. For model fit verification, the CFA was performed
with normed chi-square (c2/df), comparative fit index (CFI),
TuckereLewis index (TLI), root mean square error of approximation
(RMSEA), and standardized root mean square residual (SRMR). The
model fit was evaluated using the following criteria: c2/df � 3, CFI
and TLI �.90, RMSEA �.08, and SRMR �.06 [39,40].

Convergent validity and discriminant validity for each construct
in the model were evaluated using the values of the composite
reliability (CR) and heterotraitemonotrait ratio with the CFA data
set [41,42]. Discriminant validity with known groups was assessed
with the scores determined from the K-EPDS [32], comparing the
scores of the postnatal depressed (K-EPDS �10) and the normal (K-
EPDS <10) group. Cronbach's a and McDonald's omega coefficients
(�.70) were assessed to determine acceptable internal consistency
[41].

Results

Sample Characteristics

The sample consisted of 396 fathers with data distributed
randomly to have necessary sample sizes for both the EFA and CFA.
The mean age of the total sample was 34.07 (SD ¼ 3.86). The ma-
jority of fathers were married (98.7%) and living together with
someone (97.7%). Most were first-time fathers (83.3%), and slightly
more than half of the children were male (50.5%). Other charac-
teristics of the fathers and their children are shown in Table 1.

Item Analysis

The results of the item analysis are shown in Table 2. The
skewness and kurtosis of each item of the initial 19-item K-PPAS
ranged from e.87 to .30 and e.49 to 1.83, respectively, meeting the
criteria for normality. No items were additionally deleted with the
initial item-total correlation coefficients ranging from .30 to .71.

Content Validity

The item-level content validity index value for each item was
above .78, with all items scoring 1.00 except .85 for item 8; how-
ever, still demonstrated excellent content validity for 11 items [30].
The scale-level content validity index based on the average method
value scored .99, with the above recommended value of .90 [30],
also satisfying the criterion for good content validity, and thus all
items were retained.

Construct Validity

Both EFA and CFA were performed to determine underlying
factor structures that might exist as cultural adaptation and
confirm any possibilities for reclassifying the items from the
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original PPAS. The KMO was .89, and Bartlett's test of sphericity
was c2 ¼ 1559.02 (p < .001), indicating adequate sampling and
suitability for factor analysis. The principal axis factoring and
varimax rotation revealed two factors with eigenvalues above 1
and consistent with the scree plot. The criteria for primary and
alternative factor loadings and their differences [38] were
considered in addition to content coherence with the original

scale [22]. As a result, items 10, 12, 13, 14, 15, 16, 18, and 19 were
deleted.

EFAwas performed againwith a final 11 items, resulting in a KMO
of .84 and Bartlett's test of sphericity of c2 ¼ 790.95 (p < .001),
demonstrating suitability for factor analysis.With eigenvalues above
1 and based on the elbow in the scree plot, the final factor structure
consisted of two factors. The two-factor structure accounted for

Table 1 General Characteristics of the Participants (N ¼ 396).

Characteristics Categories Total (n ¼ 396) EFA (n ¼ 190) CFA (n ¼ 206)

Mean ± SD or n (%) Mean ± SD or n (%) Mean ± SD or n (%)

Father Age (years) 34.07 ± 3.86 34.44 ± 3.98 33.72 ± 3.71
Marital status Unmarried 5 (1.3) 2 (1.1) 3 (1.5)

Married 391 (98.7) 188 (98.9) 203 (98.5)
Educational level High school or less 24 (6.0) 11 (5.8) 13 (6.3)

College/university 325 (82.1) 173 (91.0) 152 (73.8)
Graduate or above 47 (11.9) 6 (3.2) 41 (19.9)

Job status Yes 382 (96.5) 181 (95.3) 201 (97.6)
No 14 (3.5) 9 (4.7) 5 (2.4)

Family structure Alone 9 (2.3) 3 (1.6) 6 (2.9)
Nuclear family 353 (89.1) 181 (95.3) 172 (83.5)
Parents/parents-in-law 33 (8.3) 6 (3.1) 27 (13.1)
Others 1 (0.3) 1 (0.5)

Planned pregnancy Yes 319 (80.6) 148 (77.9) 171 (83.0)
No 77 (19.4) 42 (22.1) 35 (17.0)

Number of children First 330 (83.3) 160 (84.2) 170 (82.5)
Second 60 (15.2) 28 (14.7) 32 (15.5)
Third or more 6 (1.5) 2 (1.1) 4 (2.0)

Childrearing (hours) Weekdays 3.65 ± 2.36 3.67 ± 2.65 3.63 ± 2.06
Childrearing (hours) Weekends 8.68 ± 4.30 7.99 ± 4.08 9.32 ± 4.42
Childrearing support None 125 (31.6) 74 (38.9) 51 (24.8)

Parents/parents-in-law 243 (61.4) 99 (52.7) 144 (69.8)
Others 28 (7.0) 17 (8.4) 11 (5.4)

Child Age (months) 8.47 ± 2.77 8.61 ± 2.51 8.33 ± 2.99
Gender Men 200 (50.5) 95 (50.0) 105 (51.0)

Women 192 (48.5) 93 (48.9) 99 (48.0)
Twins or more 4 (1.0) 2 (1.1) 2 (1.0)

Gestational age (weeks) 37.19 ± 3.55 37.08 ± 3.53 37.29 ± 3.58
Birth weight (grams) 3069.35 ± 368.09 3127.32 ± 396.74 3146.47 ± 375.41

Note. CFA ¼ confirmatory factor analysis; EFA ¼ explanatory factor analysis; SD ¼ standard deviation.

Table 2 Item Analysis and Factor Analysis of the K-PPAS (N ¼ 396).

Factors Item no. Mean ± SD ITC EFA (n ¼ 190) CFA (n ¼ 206) CR

Initial factor
structure

Final factor
structure

FL p

1 2 1 2

Healthy attachment relationship Item 3 3.98 ± 0.75 .59 .50 .31 .49 .28 .64 <.001 .81
Item 4 3.53 ± 0.83 .39 .58 .00 .65 �.03 .48 <.001
Item 5 3.68 ± 0.72 .48 .62 .08 .72 .06 .61 <.001
Item 7 3.87 ± 0.85 .59 .60 .28 .59 .28 .64 <.001
Item 8 3.96 ± 0.71 .55 .61 .20 .69 .18 .58 <.001
Item 9 3.56 ± 0.89 .46 .49 .15 .49 .17 .67 <.001
Item 10 3.45 ± 0.87 .30 .31 �.07
Item 11 3.99 ± 0.64 .65 .65 .34 .54 .29 .66 <.001
Item 12 3.96 ± 0.76 .57 .49 .37
Item 13 3.96 ± 0.74 .65 .59 .37
Item 14 4.07 ± 0.71 .71 .55 .50
Item 15 4.13 ± 0.73 .69 .55 .48
Item 16 3.95 ± 0.80 .65 .55 .45
Item 19 3.58 ± 0.76 .39 .36 .22

Patience and tolerance Item 1 3.68 ± 0.87 .58 .10 .81 .11 .84 .80 <.001 .65
Item 2 3.85 ± 0.9 .60 .13 .81 .18 .79 .68 <.001
Item 6 3.70 ± 0.98 .56 .18 .70 .19 .72 .43 <.001
Item 17 3.65 ± 1.00 .50 .11 .68 .16 .64 .30 <.001
Item 18 3.05 ± 0.97 .31 .12 .35
Eigenvalue (%) 34.09 7.78 35.40 12.84
Cumulative (%) 34.09 41.88 35.40 48.24

Note. CFA ¼ confirmatory factor analysis; CR ¼ composite reliability; EFA ¼ explanatory factor analysis; FL ¼ standardized factor loading; ITC ¼ item-total correlation; K-PPAS
¼ Korean version of Paternal Postnatal Attachment Scale; SD ¼ standard deviation.
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48.2% of the total variance, having a similar result to the PPAS [22]
that accounted for 45% of the total variance, and meeting the total
variance criteria of 40-60% [39,43]. The percentages of the variance
explained by each factor are presented in Table 2. Factor 1 was
labeled “healthy attachment relationship (HAR)” (items 3, 4, 5, 7, 8, 9,
and 11) and factor 2 was labeled “PT’” (item 1, 2, 6, and 17). Factor
loadings of all the 11 items ranged from .49 to .84, with each factor
consisting of more than three items (Table 2).

Based on the result of the EFA, the assumption of multivariate
normality was tested by calculating Mardia's coefficient of multi-
variate kurtosis before conducting maximum likelihood estimation
for CFA. The value of Mardia's coefficient multivariate kurtosis and
the critical ratio was 110.91 and 47.07, which was greater than the
threshold criteria of the multivariate kurtosis <5 and critical ratio
<1.96 [44]. Thus, multivariate normality was not met, and the
Bollen-Stine bootstrap [45] method using recommended 250
bootstrap samples was applied [46]. The initial fit indices of the
two-factor structure were Bollen-Stine bootstrap p ¼ .056, c2/
df ¼ 2.85, CFI ¼ .87, TLI ¼ .83, RMSEA ¼ .10, and SRMR ¼ .07. The
initial model showed a poor fit to the datawith CFI, TLI, RMSEA, and
SRMR not meeting the criteria for good fit indices [39,40]. The
modification index (MI) values were inspected, and the covariance
modification between error terms could significantly improve the
initial model fit. TheMI values of 3.84 or above suggested a need for
model improvement [39]; however, a threshold of 10 was used for
greater efficiency [44]. After considering the items' content and MI
values, the initial model was revised by setting the covariance of
the error term to item 6 and 17 (MI ¼ 30.41), and the fit indices of
the new model were Bollen-Stine bootstrap p ¼ .291, c2/df ¼ 2.12,
CFI ¼ .92, TLI ¼ .89, RMSEA ¼ .07, and SRMR ¼ .06. This model fit
was improved than the initial model, but TLI of .89 still suggested a
poor fit. The covariance of the error term was additionally set to
items 4 and 5 (MI ¼ 10.20), and the fit indices of the revised model
were Bollen-Stine bootstrap p ¼ .422, c2/df ¼ 1.94, CFI ¼ .94,
TLI ¼ .92, RMSEA ¼ .07, and SRMR ¼ .06 (Table 3). The difference in
the CFI value between model 1 and model 2 indicates a substantial
improvement in themodel fit. Additionally, the final model showed
a better model fit than model 2 [35]. The fit indices of this revised
model were improved substantially compared with the initial
model by having all the criteria met for fit indices: c2/df � 3; CFI
and TLI �.90, RMSEA �.08, and SRMR �.06 [39,40]. The final model
was confirmed (Figure 1). As shown in Table 2, the standardized
factor loadings of all the 11 items in the final model ranged from .30
to .80, with all factor loading coefficients reaching significance
(p < .001). In terms of the rule of thumb, a standardized factor
loading >.50 is ideal in CFA. However, the results were considered
acceptable and in agreement given that each loading coefficient
was statistically significant (p < .001) and had a minimum value of
.30 [39]. In addition, the revised model revealed to have adequate
convergent validity for each construct in the model with the CR
values of the two factors as .81 and .65 (Table 2), meeting the cri-
terion of CR > .60 [41]. Discriminant validity was also supported by

the heterotraitemonotrait ratio of .66, meeting the criterion
of < .85 [42].

Discriminant Validity (known groups)

The results of the discriminant validity using known groups are
shown in Table 4. The group of fathers with no postnatal depression
(K-EPDS <10) scored significantly higher on the K-PPAS (t ¼ e9.97,
p < .001) than those who did (K-EPDS �10). Similar significances
were found in the subscales of the K-PPAS, with HAR (t ¼ e12.01,
p < .001) and PT (t¼ e5.77, p < .001) scoring higher in a groupwith
the absence of postnatal depression.

Reliability

Cronbach's a coefficient for 11 items of the K-PPAS was .84, with
.81 and .85 for the subscales of HAR and PT, respectively.
The McDonald's omega coefficient for the scale was .83 and for the
subscales of HAR and PT was .81 and .85. An acceptable internal
consistency of the K-PPAS was demonstrated with the result of all
coefficient values above .70.

Discussion

In this study, the PPAS was culturally adapted into Korean and
had its psychometric properties evaluated among 396 Korean
fathers with infants up to 12 months old. The results revealed that
the 11-item K-PPAS had acceptable validity and reliability to assess
the construct of father-infant attachment in Korea. The use of this
tool may contribute to gaining knowledge and supporting further
studies on father-infant attachment to bring about positive out-
comes in an infant's later development.

The two-factor structure of 11-item K-PPAS was identified by
conducting factor analysis: healthy attachment relationship, and
patience and tolerance. This result was not consistent with the
three-factor structure of the original PPAS (“patience and toler-
ance”, “pleasure in interaction”, and “affection and pride”) [22], as
well as the 15-item Spanish [26] and 18-item Turkish [28]. On the
other hand, compared to the three-factor, the findings in this study
were similar to the two-factor structure in the 16-item Portuguese
version (“quality of attachment” and “patience and tolerance”) [27].
One of the reasons for these differences in the factor structure may
be due to not performing CFA in the original study to support its
structure and items [26]. The absence of CFA may leave how well
the proposed factor structure fits with observed data unexplored
[32]. However, cultural differences may have also influenced the
inequivalent number of factors and item placements. Therefore, it is
advised to use the K-PPAS after careful consideration.

One strength of this study is that both EFA and CFA were
performed to validate the factor structure among 396 fathers with
infants, who were randomly divided into two data, one for EFA and
the other for CFA. The results showed a total of 11 items after
removing 8 items (10, 12, 13, 14, 15, 16, 18, and 19) from the original
19-item PPAS. Consistent with this study by conducting both factor
analyses, the Spanish version had 4 items (6, 8, 9, and 15) and the
Turkish version had 1 item (16) omitted. Although item deletion
happened in all studies above, it was incomparablewith the findings
of this study as the cultural context was not dealt with as one of its
reasons. In contrast, the cultural context was dealt with as having
contributed to all 8 item deletions in this study as low parental re-
sponsibilities were observed in Korean fathers, who believe that
being involved in childrearing is important but still perceive
themselves to be in assisting roles in childrearing [47]. The Confu-
cian culture, which has deeply rooted in the Korean society, influ-
enced a physical and psychological gap to form between the Korean

Table 3 Goodness of Model Fit Indices of the K-PPAS (N ¼ 206).

Modified
model

Bollen-Stine
bootstrap (p)

Absolute fit index Incremental fit index

c2/df RMSEA SRMR CFI Difference
value of CFI

TLI

1 .056 2.85 .10 .07 .87 .83
2 .291 2.12 .07 .06 .92 .05 .89
Final .422 1.94 .07 .06 .94 .02 .92

Note. c2/df ¼ chi-square minimum/degree of freedom; CFI ¼ comparative fit index;
RMSEA ¼ root mean square error of approximation; SRMR ¼ standard root mean
residual; TLI ¼ Tucker-Lewis index.
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men and women [48]. This has typically made Korean fathers to be
the financial providers of their families and lacked opportunities to
be involved with their children [49]. Likewise, with a majority of
Korean fathers in this study holding a job, conflict in the work-life
balance may have also influenced responses to be inconsistent with
these items. Therefore, characteristics such as being apart fromone's
infant (item 10,12, and 14), balancing time spent on one's infant and
for oneself (item 13 and 18), feeling affectionate (item 15), accepting
the infant as one's own (item 16), and being patient (item 19) may
have differed from the study's participants.

The K-PPAS has two subscales of “HAR (7 items)” and “PT (4
items)”, which differed from the original PPAS consisting of three
subscales: “PT (8 items)”, “pleasure in interaction (7 items)”, and
“affection and pride (4 items)”. The “HAR” subscale is a combina-
tion of items from the “pleasure in interaction” and “affection and
pride” subscales of the original PPAS and contains similar items of
the “quality of attachment” and “quality of bonding” from the
Portuguese and Spanish versions, respectively. While these trans-
lated versions focus on the aspect of “quality”, the K-PPAS em-
phasizes the “healthy” part of attachment, the quality, and nature of

Figure 1. Confirmatory Factor Analysis of the Korean Version of the Paternal Postnatal Attachment Scale.

Table 4 Known Group Validity of the K-PPAS with K-EPDS (N ¼ 396).

Factors Known group Validity
Mean (SD)

t(p) Cohen's d

Normal group
(K-EPDS <10)

Depressed group
(K-EPDS �10)

Healthy attachment
relationship

16.57 (2.09) 13.00 (3.18) e12.01 (<.001) 1.40

Patience and
tolerance

28.13 (3.88) 25.65 (4.50) e5.77 (<.001) 0.60

K-PPAS 76.64 (8.46) 67.3 (9.69) e9.97 (<.001) 1.04

Note. K-EPDS ¼ Korean version of Edinburgh Postnatal Depression Scale; K-PPAS ¼ Korean version of Paternal Postnatal Attachment Scale; SD ¼ standard deviation.
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the actual relationship between the parent and infant that is
formed from repetitive nurturing behaviors involving interaction
and affectionate touches [50]. These characteristics of a healthy
attachment relationship between the father and infant include
being attentive to the infant's needs with warmth and care and
having conversational interactions and positive attitudes [51].
Likewise, item 8 (“I try to involve myself as much as possible in
childrearing”), included only in the K-PPAS, captures the aspect of a
healthy attachment relationship representing a father's active
involvement with his infant. This demonstrated the difference
between the two translated versions' subscales and the “HAR” of
the K-PPAS, as not only this subscale assesses the father's capability
of childrearing but also their will to maintain healthier attachment
relationships with their infants.

The second subscale of the K-PPAS represents the degree of PT
that fathers have when interacting with their infants [22]. The 4
items (1, 2, 6, and 17) of this subscale were in correspondence to the
“patience and tolerance” subscale of the original PPAS, the Turkish,
and Portuguese versions. This may suggest that “PT’ represents a
common quality among fathers despite cultural differences. Fa-
thers’ high level of PT to infants help them become more engaged
as a father and cope with difficult situations in parenting [52],
which in turn may promote father-infant attachment. The cultural
context of low parental responsibilities in Korean fathers [47] and
having low paid paternity leave [53] may have contributed to low
factor loading on item 17, as some fathers may not be involved
enoughwith their children to feel like they have given up on things.
However, item 17 was retained for the importance it would have in
the near future as the current trend of Korean fathers' involvement
in childrearing [7] andmore paid leave entitlements being available
for fathers [53] may affect perceptions and parenting practices
among Korean fathers.

Moreover, the discriminant validity using known groups
demonstrated that discrimination existed between nondepressed
and postnatal depressed fathers in relation to attachment formed
with their infants. The finding was similar to the systematic re-
view examining the use and performance of father-child rela-
tionship tools [34], in which nondepressed fathers formed a
higher level of attachment with their infants than depressed fa-
thers. Fathers with postnatal depression are shown to have more
withdrawn parental behaviors and are less involved in interacting
with their infants [54]. Hence, this may suggest that further
studies are in need to interpret this occurrence of depressed fa-
thers during the postnatal period in association with the attach-
ment towards their infants.

The present study had some limitations. First, the K-PPAS was
culturally adapted by applying a 5-point Likert scale to all items of
the original PPAS, which is from a 2- to 5-point Likert scale. This
resulted in difficulty in comparing this study's findings with other
studies due to items' response options all being modified. Second,
test-retest reliability to investigate the internal consistency of the
K-PPAS was unable to be performed because online surveys have
difficulty in gathering the same participants. Thirdly, an online
survey has made it difficult to examine any physical, psychologi-
cal, and social problems in fathers and infants that could interrupt
the formation of father-infant attachment prior to the study.
Future research should consider this in the exclusion criteria.
Lastly, other influences including cultural differences may be
suggested as the reason behind the inconsistency of the number of
factors between the K-PPAS, the original, and the other translated
versions. Hence, future studies should be performed to further
examine the psychometric properties and application of the K-
PPAS in a broader Korean population considering the various
family structures and cultural diversity that exist within the
Korean population.

Conclusion

The 11-item K-PPAS adapted from the original PPAS for the
assessment of the father-infant attachment in the postnatal period
consists of two aspects: “healthy attachment relationship” and
“patience and tolerance”. However, inconsistencies in the structure
compared to the original scale could have occurred with cultural
differences, and thus, it is recommended to carefully consider all
the necessary aspects when using the K-PPAS in the Korean
population.
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a b s t r a c t

Purpose: This study aims to examine the performance of early warning scoring systems regarding
adverse events of unanticipated clinical deterioration in complementary and alternative medicine
hospitals.
Methods: A medical record review of 500 patients from 5-year patient data in two traditional Korean
medicine hospitals was conducted. Unanticipated clinical deterioration events included unexpected
in-hospital mortality, cardiac arrest, and unplanned transfers to acute-care conventional medicine
hospitals. Scores of the Modified Early Warning Score (MEWS), National Early Warning Score (NEWS),
and National Early Warning Score 2 (NEWS2) were calculated. Their performance was evaluated by
calculating areas under the receiver-operating characteristic curve for the event occurrence. Multiple
logistic regression analyses were performed to determine the factors associated with event occurrence.
Results: The incidence of unanticipated clinical deterioration events was 1.1% (225/21101). The area
under the curve of MEWS, NEWS, and NEWS2 was .68, .72, and .72 at 24 hours before the events,
respectively. NEWS and NEWS2, with almost the same performance, were superior to MEWS (p ¼ .009).
After adjusting for other variables, patients at low-medium risk (OR ¼ 3.28; 95% CI ¼ 1.02e10.55) and
those at medium and high risk (OR ¼ 25.03; 95% CI ¼ 2.78e225.46) on NEWS2 scores were more likely to
experience unanticipated clinical deterioration than those at low risk. Other factors associated with the
event occurrence included frailty risk scores, clinical worry scores, primary medical diagnosis, prescribed
medicine administration, acupuncture treatment, and clinical department.
Conclusions: The three early warning scores demonstrated moderate-to-fair performance for clinical
deterioration events. NEWS2 can be used for early identification of patients at high risk of deterioration
in complementary and alternative medicine hospitals. Additionally, patient, care, and system factors
need to be considered to improve patient safety.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Improving patient safety is a public health issue [1]. Unexpected
in-hospital mortality, cardiac arrest, and unplanned transfer to
higher-acuity units, such as intensive care units in hospitalized
patients, are serious adverse events [2]. Since physiological insta-
bility is usually preceding clinical deterioration, therefore early
warning scoring systems (EWSs), which are mainly based on
routinely collected vital sign observations, have been developed to
identify clinically deteriorating patients and avoid preventable
adverse events [3,4]. Their use has been expanded to the
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emergency department and prehospital settings and further to
deteriorating COVID-19 patients [5,6].

Prior research has shown that EWSs’ performance varied
depending on patient population and clinical settings [4,6,7]. For
instance, studies have found that widely used EWSs of theModified
Early Warning Score (MEWS), National Early Warning Score
(NEWS), and NEWS version 2 (NEWS2) demonstrated good ability
to predict clinical deterioration in acute-care conventional medi-
cine hospitals [8e10]. However, other studies reported poor per-
formance of MEWS, NEWS, and NEWS2 in care settings including
long-term acute-care hospitals [11e13]. In addition, there were
variations in the performance by EWS type. A study reported that
NEWS showed better discrimination than NEWS2 [14]. Another
study found that NEWS2 had a better performance thanMEWS and
NEWS [15]. These findings may indicate the necessity of additional
studies on the performance of EWSs when we consider imple-
menting an EWS in practice.

Along with aging and increased chronic diseases, utilization of
complementary and alternative medicine (CAM), also known as
traditional medicine, has also increased [16,17]. There are 528
Traditional Korean Medicine (TKM) hospitals, which comprise
23.0% of acute-care hospitals in the Korean healthcare system [18].
Studies revealed that approximately 11.0% of inpatients in CAM
hospitals have experienced adverse events, including unanticipated
clinical deterioration [19]. Although the comprehensive plans for
patient safety based on the Patient Safety Act in Korea recommend
the establishment of a rapid response team in hospitals [20], there
is no study on a rapid response system in CAM hospitals. Further-
more, there is a lack of data regarding the serious adverse events
attributable to unanticipated clinical deterioration in CAM hospi-
tals. In this context, a tool for predicting sudden clinical deterio-
ration is critical for improving patient safety. Although existing
EWSs have been validated, the performance of EWSs is unknown in
CAM hospitals.

Researchers have suggested that patient, care, and system
factors may affect clinical deterioration and patient outcomes
[21,22]. However, there are inconsistent findings. While some
studies showed that severity of illness, comorbidity, and type of
care were significant factors associated with the occurrence of
unanticipated clinical deterioration and patient outcomes [15,22],
another study found that these were not significant predictors of
clinical deterioration [11]. These findings may indicate the
necessity of additional study. A better understanding of the fac-
tors associated with the occurrence of unanticipated clinical
deterioration will help identify high-risk patients and reduce
preventable serious adverse events.

This study aimed to explore the performance of EWSs as pre-
dictors of unanticipated clinical deterioration in CAM hospitals.
Specifically, we examined the performance of MEWS, NEWS, and
NEWS2 in CAM hospitals. Furthermore, we investigated the factors
associated with unanticipated clinical deterioration. The findings
of this study will contribute to facilitating early detection and
timely response to patients at risk of sudden clinical deterioration,
thereby improving patient safety in CAM hospitals.

Methods

Research design

We employed a retrospective review research design. A medical
record review of (1) all patients with events of unexpected clinical
deterioration during the 5-year period in twoTKMhospitals and (2)
a random sample of patients without events during the same
period was conducted.

Sample and setting

The sample comprised 500 patients from two university-
affiliated TKM hospitals from January 1, 2015, to December 31,
2019. The study hospitals had electronic medical record systems
with full accredited status by the Korea Institute of Healthcare
Accreditation. The annual number of inpatientswas 2,177 inHospital
A and 1,006 in Hospital B in 2020. Nurse staffing level was grade 3
(3.0e3.5 patients per nurse) and grade 2 (2.5e3.0 patients per
nurse). TKM subspecialty includes internal medicine, gynecology,
pediatrics, eyes-ear-nose-throat-dermatology, neuropsychology,
rehabilitation, Sasang constitutional medicine, and acupuncture.

We included patients aged �19 years with a length of stay
�1 day. Unanticipated clinical deterioration events included un-
expected in-hospital mortality, cardiopulmonary resuscitation, and
unplanned transfer to a higher-acuity bed outside CAM hospitals
due to deteriorating conditions. Exclusion criteria were (1) cases
with a do-not-resuscitate order and (2) planned transfers to other
hospitals due to other reasons except for clinical deterioration. We
included only transfers to university-affiliated conventional
medicine hospitals or tertiary hospitals due to deteriorating con-
ditions. If the reason for the transfer was not clearly recorded, the
inclusion of the case was decided at the discretion of our research
team. Patients without events were randomly sampled from pa-
tients residing in the same care unit during the same period using
the Research Randomizer [23].

A priori sample size of approximately 500 was determined
based on the recommendations of 10 to 20 cases per predictor in
multiple logistic regression [24]. The final sample consisted of 500
patients (225 with events and 275 without events) (Figure 1).

Measures

MEWS parameters are systolic blood pressure, heart rate, respi-
ration rate, body temperature, and level of consciousness [8]. NEWS
parameters are respiration rate, oxygen saturation (SpO2), oxygen
supplement, systolic blood pressure, pulse, body temperature, and
level of consciousness [9]. In addition to NEWS parameters, NEWS2
includes the SpO2 scale 2 for patients with hypercapnic respiratory
failure and newconfusion as part of the assessment of consciousness
[9,10]. Based on the predefined criteria in their scoring systems, a
score (range¼ 0e3)was assigned for each parameter and then a risk
stratification was determined for the summed scores. MEWS scores
(range ¼ 0e14) were categorized into low (0e2), medium (3e4),
and high (�5) risk groups [8,25]. NEWS and NEWS2 scores
(range ¼ 0e20 for both systems) were categorized into low (0e4),
low-medium (extreme score of 3 in a single parameter), medium
(5e6), and high (�7) risk groups [10,15].

Data collection

Medical records were reviewed by two nurses and three TKM
physicians in the hospitals. Thefirst author (JH),whohad expertize in
the application of early warning scoring systems and medical record
review methodologies, trained the reviewers individually in two
half-day sessions in each hospital, using the subsets of the medical
records assigned to each reviewer. It was challenging to train them
simultaneously due to work schedules and the COVID-19 pandemic.
Inter-rater reliability between the first author and each reviewerwas
assessed using kappa values. The values ranged from 0.84 to 0.97,
indicating the “almost perfect agreement” of 0.81e0.99 [26].

We calculated the MEWS, NEWS, and NEWS2 scores 24 hours
before the events. For the usual group, the scores were calculated
using vital sign observations at 24 hours postadmission to obtain
the highest score based on previous studies [8,15]. For cases with no
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recording of certain vital sign values, we used the values at the
closest time point. If SpO2 values were null, score 0 for this
parameter was assigned [15].

We collected data on patient, care, and system factors based on
previous studies regarding clinical deterioration [21,22]. Patient-

and disease-related variables included age, gender, educational
level, body mass index (BMI), frailty risk, clinical worry score
(CWS), primary medical diagnosis, comorbidities, and admission
route. Frailty risk was measured using the Morse fall scale (MFS)
and Braden scale scores at admission [27e29]. If there were no

Figure 1. Flow Chart of the Sample Selection in the Hospital A and Hospital B. Note. ICU ¼ intensive care unit; U-CMH ¼ university-affiliated conventional medicine hospital; CMH ¼
conventional medicine hospital.
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recordings of these scores at admission, the values at the closest
time point was used. Nine cases with no recording on the frailty risk
were considered as low risk after reviewing the records. CWS was
measured using the Dutch-Early-Nurse-Worry-Indicator-Score
scale comprising of nine indicators of respiration change, circula-
tion change, temperature, mentation change, agitation, pain, un-
expected trajectory, patient comments, and subjective observations
[30]. The applicability of this scale has been validated in Korean
hospitals [15]. After the presence of each indicator was coded as 1
and the other as 0, a sum score (range ¼ 0e9) was calculated.
The Charlson comorbidity index (CCI) was calculated [31,32].

Care- and treatment-related variables included the use of pre-
scribed medicine, herbal medication, acupuncture, moxibustion,
cupping, physical therapies (e.g., infrared therapy, transcutaneous
electrical nerve stimulation, interferential current therapy, and
chuna), and length of hospital stay. The uses of prescribed medicine
and herbal medication were reviewed for the following day post-
admission to reflect the acuity, which was also consistent with the
time point for EWSs’ calculation [8,15]. Since there was no intensive
care unit, surgical operation room, and rapid response team in the
CAM hospitals, variables on care intensity and types were not
included. System- and organization-related variables included
hospital type, nurse staffing level, and clinical department. Since the
nurse staffing level was determined at the hospital level, we
included only the hospital type.We also collected event-related data
such as the time of event occurrence (07:01e15:00, 15:01e18:00,
18:01e22:00, and 22:01e07:00), the day of the week (weekday and
weekend), and length to event occurrence postadmission.

A random sample of 52 medical records were rereviewed by the
first author. The overall agreement rate was 75.0% (39/52) at the
patient level and 96.5% (637/660) at the indicator level of CWS.

Ethical considerations

The study protocol was approved by the Institutional Review
Boards of two study hospitals (no. 2019-12-001 and 2019-12-005).

Data analysis

Data were analyzed using the SAS program (version 9.4; Cary,
NC, USA). Patients' general characteristics were summarized using
descriptive statistics. Interrater reliability was calculated using
Kappa values [26]. Independent t tests and chi-square tests were
conducted to identify differences between the event group and the
usual group according to patients’ general characteristics. We
calculated the areas under the receiver operating characteristic
curves (AUCs) to evaluate the performance of MEWS, NEWS, and
NEWS2.

Multiple logistic regression analyses were performed to deter-
mine factors associated with the occurrence of unanticipated
clinical deterioration. Model calibration was assessed using the
Hosmer-Lemeshow goodness-of-fit test. Odds ratios (ORs) and 95%
confidence intervals (CIs) were also calculated. For a sensitivity
analysis, we performed additional analysis after excluding cases
with missing data on frailty risk scores (n ¼ 9). Statistical signifi-
cance was set at a two-tailed p < .05.

Results

Patients’ general characteristics and event characteristics

The patients' general characteristics are shown in Table 1. Of the
500 patients, 56.4% were women, with a mean age of
63.72 ± 16.01 years (range ¼ 19.00e98.00). The mean length of
hospitalization was 25.27 days (95% CI ¼ 21.57e28.97). Most

patients (89.4%) were discharged with improved status. There were
significant differences between the event group and the usual
group by patients’ gender, age, education, BMI, fall risk, pressure
ulcer risk, CWS, primary medical diagnosis, CCI, admission route,
prescribedmedicine use, uses of CAM treatment, length of stay, and
clinical department (Table 1).

The incidence of unanticipated clinical deterioration events was
1.1% (i.e., 225 out of 21101 patients over the 5-year period). The time
spent to event occurrence since admission was a median of
14.00 days (interquartile range ¼ 5.79e38.00). Most events
occurred on weekdays (n ¼ 195, 86.7%) and during daytime
between 07:01 and 18:00 (n ¼ 182, 80.9%).

Performance of EWSs

MEWS, NEWS, and NEWS2 well discriminated patients with
events from those without (Table 2). The AUC was .68 (95%
CI ¼ .64e.72), .72 (95% CI ¼ .67e.76), and .72 (95% CI ¼ .67e.76),
respectively (Figure 2). In pairwise comparisons, there were sig-
nificant differences between NEWS2 and MEWS (p ¼ .009), but
there was no difference between NEWS and NEWS2.

Factors associated with unanticipated deterioration event
occurrence

Based on the findings of the univariate analyses, multiple logistic
regression analyses were performed. The “medium (5e6)” and
“high (�7)” risk stratification on NEWS2 scores were merged into
one category (�5) due to low frequency of the categories. The results
showed that NEWS2, fall risk, pressure ulcer risk, CWS, primary
medical diagnosis, use of prescribed medicine, acupuncture treat-
ment, and clinical department were significant factors associated
with event occurrence (Max-rescaled R2 ¼ 59.0%, p < .001; c-
statistic ¼ 0.90; Hosmer-Lemeshow goodness-of-fit test, p ¼ .057).

Specifically, patients at low-medium risk (OR ¼ 3.28; 95%
CI ¼ 1.02e10.55) and those at medium and high risk (OR ¼ 25.03;
95% CI ¼ 2.78e225.46) on NEWS2 scores were more likely to
experience unanticipated deterioration events than patients at low
risk. In addition, patients at medium risk on the MFS were more
likely to experience the events than those at low risk on the MFS
(OR ¼ 2.98; 95% CI ¼ 1.48e6.02). Those at a high risk of pressure
ulcer on the Braden scale were more likely to experience the events
than others (OR ¼ 4.33; 95% CI ¼ 2.12e8.84). Patients with higher
CWSs were more likely to experience the events (OR ¼ 1.91; 95%
CI ¼ 1.29e2.84). Patients with “circulatory system diseases”
(OR ¼ 3.44; 95% CI ¼ 1.64e7.23), “neoplasm” (OR ¼ 12.98; 95%
CI ¼ 3.92e43.00), and “injuries and other consequences of external
causes” (OR ¼ 5.21; 95% CI ¼ 1.43e18.94) were more likely to
experience the events than those with “others” diseases (Table 3).

Patients treated with prescribed medicine in CAM hospitals
were more likely to experience the events than those without
(OR ¼ 4.34; 95% CI ¼ 1.42e13.28). In addition, those receiving
acupuncture treatment (OR ¼ 0.09; 95% CI ¼ 0.01e0.97) and those
who were admitted to CAM rehabilitation department (OR ¼ 0.26;
95% CI ¼ 0.12e0.60) were less likely to experience unanticipated
deterioration events (Table 3).

Discussion

Improving patient safety in CAM practices is a global concern
[16]. Early identification of patients at high risk of unanticipated
clinical deterioration and appropriate responses are important to
avoid unnecessary harm to patients. This is the first study to
explore the performance of MEWS, NEWS, and NEWS2 for unan-
ticipated clinical deterioration in CAM hospitals. Moreover, this is
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the first report on the incidence of unanticipated clinical deterio-
ration events in CAM hospitals.

In this study, the EWSs showed moderate to fair ability in
predicting unanticipated clinical deterioration in CAM hospitals.
The study found that patient, care, and system factors, along with
EWSs, were significantly associated with the occurrence of unan-
ticipated clinical deterioration. These findings indicate that using
EWSs can help in the early identification of patients at risk of
deterioration in CAM hospitals. Furthermore, patient, care, and
system factors (i.e., frailty risk scores, CWS, primary medical diag-
nosis, treatment modality, and clinical department) should be
considered along with EWS scores to better identify patients at
high risk of clinical deterioration and to avoid preventable adverse
events in CAM hospitals.

Although three EWSs showed reasonable discrimination ability,
their AUCs were lower than .8, indicating a threshold of good per-
formance [33]. The values were lower than those in previous
studies [14,15], but they were higher than those for composite
outcomes of acute-care hospital transfer and mortality in long-

term acute-care hospitals [13]. These differences may be attribut-
able to the characteristics of patient groups and care settings [7]. In
this study, most events were transfer cases, and nearly half scored
0 on the NEWS2. In addition, routine vital sign measurements are
sometimes performed twice a day in CAM hospitals. Thus, vital sign
values for EWSs’ calculation can be distant from the time point of
24 hours before the event. These might result in low prognostic
accuracy of the EWSs. Specifically, NEWS and NEWS2, showing
better performance than MEWS, demonstrated similar perfor-
mance. This was different from the findings of previous studies
[14,15]. A possible reason can be due to the limited number of
patients with hypercapnic respiratory failure. Since NEWS2 has the
benefit of a separate oxygen saturation scoring system for COPD
patients, the use of NEWS2 is suggested.

Additionally, we examined the improvement in EWSs’ models
by including other variables. Based on existing research [34], add-
ing an age variable to the models improved their performance,
indicating fair discrimination (AUC ¼ .76, .77, and .77 for MEWS,
NEWS, and NEWS2, respectively). However, the values were still

Table 1 Patients’ General Characteristics and Differences Between Event Group and Usual Group.

Variable Category n % Event group Usual group c2/t p

n % n %

Gender Men 218 43.6 112 22.4 106 21.2 6.35 .012
Women 282 56.4 113 22.6 169 33.8

Age (years) 19e50 97 19.4 24 4.8 73 14.6 39.06 <.001
51e65 153 30.6 59 11.8 94 18.8
66e75 116 23.2 56 11.2 60 12.0
76e99 134 26.8 86 17.2 48 9.6

Education level Middle school or lower 167 33.4 88 17.6 79 15.8 12.76 .005
High school 106 21.2 42 8.4 64 12.8
College or higher 164 32.8 60 12.0 104 20.8
Othersa 63 12.6 35 7.0 28 5.6

Body mass index,b Mean ± SD 23.41 ± 3.66 22.95 ± 3.73 23.82 ± 3.54 2.49 .013
Fall risk Low 230 46.0 59 11.8 171 34.2 67.85 <.001

Medium 176 35.2 101 20.2 75 15.0
High 94 18.8 65 13.0 29 5.8

Pressure ulcer risk High 166 33.2 133 26.6 33 6.6 123.84 <.001
Low 334 66.8 92 18.4 242 48.4

Clinical worry score, Mean ± SD 0.68 ± 0.84 0.89 ± 1.01 0.50 ± 0.62 �5.01 <.001
Primary medical diagnosis Circulatory system disease 163 32.6 105 21.0 58 11.6 82.65 <.001

Nervous system disease 88 17.6 25 5.0 63 12.6
Neoplasm 44 8.8 34 6.8 10 2.0
Musculoskeletal system disease 44 8.8 9 1.8 35 7.0
Injuries, consequences of
external causes

38 7.6 20 4.0 18 3.6

Others 123 24.6 32 6.4 91 18.2
Number of comorbidity, Mean ± SD 3.47 ± 2.38 3.50 ± 2.39 3.45 ± 2.38 �0.24 .811
Charlson comorbidity index, Mean ± SD 1.29 ± 3.14 2.01 ± 4.29 0.70 ± 1.45 �4.4 <.001
Admission route Outpatient department 446 89.2 192 38.4 254 50.8 6.35 .012

Others 54 10.8 33 6.6 21 4.2
Use of prescribed medicine 380 76.0 195 86.7 185 67.3 25.52 <.001
Use of herbal medication 479 95.8 213 94.7 266 96.7 1.31 .253
CAM treatment Acupuncture 490 98.0 216 96.0 274 99.6 8.35 .007c

Moxibustion 373 74.6 145 64.4 228 82.9 22.27 <.001
Cupping 219 43.8 71 31.6 148 53.8 24.92 <.001
Physical therapy 267 53.4 81 36.0 186 67.6 49.77 <.001

Length of stay (day) 1 to 7 137 27.4 76 15.2 61 12.2 34.94 <.001
8 to 14 136 27.2 38 7.6 98 19.6
15 to 21 62 12.4 19 3.8 43 8.6
22 or longer 165 33.0 92 18.4 73 14.6

Hospital type A 405 81.0 175 35.0 230 46.0 2.76 .097
B 95 19.0 50 10.0 45 9.0

Clinical department Internal medicine 261 52.2 145 29.0 116 23.2 33.21 <.001
Rehabilitation 118 23.6 29 5.8 89 17.8
Acupuncture 71 14.2 27 5.4 44 8.8
Others 50 10.0 24 4.8 26 5.2

Note. SD ¼ standard deviation; CAM ¼ complementary and alternative medicine.
a It includes no response.
b n ¼ 435.
c Fisher's exact test.

J.-I. Hwang et al. / Asian Nursing Research 17 (2023) 110e117114



lower than .8. Therefore, future studies are necessary to further
improve the prognostic accuracy of EWSs in CAM hospitals.

Significant factors to predict unanticipated clinical deterioration
included NEWS2 scores, frailty risk scores, CWS, primary medical
diagnosis, treatment modality, and clinical department. After con-
trolling for other characteristics, patients with NEWS2 scores of �5
were approximately 25 times more likely to experience unantici-
pated clinical deterioration events than those in the low-risk group
on NEWS2 scores of 0e4. Additionally, thosewith extreme scores of
any single parameter were slightly over three times more likely to
experience the events. This finding supports the relevance of
NEWS2 as a monitoring tool for clinical deterioration.

Among patient factors, MFS scores were positively associated
with clinical deterioration event occurrence. In particular, patients
at medium-level fall risk experienced unanticipated clinical dete-
rioration more frequently than those at low-level fall risk. In
addition, patients at high risk of pressure ulcers weremore likely to
experience unanticipated clinical deterioration. This was similar to

the finding that the Braden score was a predictor of adverse events
in geriatric surgical patients [27]. However, these findings were
different from the finding that the MFS and Braden scale scores
were not significant independent factors for predicting mortality in
patients with heart failure [28]. Since recordings on fall and pres-
sure ulcer risk assessments were not mandatory in the hospitals
during the study period, we used frailty risk scores at admission. In
addition, we used MFS and Braden scale scores as readily available
data on frailty risk [29]. We recommend that future studies on the
predictive abilities of frailty risk scores 24 hours before adverse
events be conducted using othermeasures developed for frailty risk
assessments [35,36]. Furthermore, CWS was positively associated
with event occurrence. This is consistent with the findings of pre-
vious studies [15,30]. These findings indicate the importance of
nurses’ assessment on subjective and objective signs and symp-
toms of patients. Therefore, the use of a systematic tool to measure
clinical concerns needs to be considered for early detection of
unanticipated deterioration events. Patients with circulatory
system diseases, neoplasms, and injuries experienced unantici-
pated clinical deterioration more frequently than others. This is
similar to the findings of previous studies [15]. These findings
might reflect disease characteristics. Therefore, patients with such
diseases need to be monitored closely.

In relation to care and treatment, patients who needed pre-
scribed medicine were more likely to experience unanticipated
deterioration events. Studies have recommended the use of inte-
grated therapies in CAM hospitals, rather than CAM therapies
alone, especially for inpatients whose conditions are severe and
highly complex, such as intractable cancer patients [37,38] and
stroke rehabilitation patients [39]. In this regard, the use of pre-
scribed medicine during hospitalization in CAM hospitals may
reflect patient conditions with high morbidity, which can easily
contribute to sudden deterioration. Therefore, patients who require
prescribed medication to be administered in addition to CAM
therapies need to be closely observed for deterioration risk. In
addition, patients who received acupuncture treatment were less
likely to experience unanticipated deterioration events. This
finding may relate to the fact that acupuncture treatment is not
recommended for patients with septic conditions, acute hemor-
rhagic stroke, unstable seizures, or confusion. Generally, acupunc-
ture therapy has been applied as a general treatment mode for
common conditions and diseases such as acute and chronic non-
cancer pain, nausea, and vomiting, rather than complex and severe
diseases [40,41]. However, additional study on the relationship
between clinical deterioration risk and acupuncture treatment is
suggested.

Table 2 Performance of the MEWS, NEWS, and NEWS2.

Variable n % Event group Usual group c2/t p AUC

n % n %

MEWS, mean (95% CI) 1.79 (1.65�1.94) 1.13 (1.07�1.19) �8.34 <.001 0.68
Low risk 446 89.2 175 35.0 271 54.2 55.50 <.001
Medium risk 50 10.0 46 9.2 4 0.8
High risk 4 0.8 4 0.8 0 0.0

NEWS, mean (95% CI) 2.50 (2.16�2.85) 0.64 (0.53�0.74) �10.20 <.001 0.72
Low risk 413 82.6 148 29.6 265 53.0 83.85 <.001
Low-medium risk 42 8.4 33 6.6 9 1.8
Medium risk 26 5.2 25 5.0 1 0.2
High risk 19 3.8 19 3.8 0 0.0

NEWS2, mean (95% CI) 2.48 (2.14�2.82) 0.64 (0.53�0.74) �10.16 <.001 0.72
Low risk 414 82.8 149 29.8 265 53.0 82.19 <.001
Low-medium risk 42 8.4 33 6.6 9 1.8
Medium risk 26 5.2 25 5.0 1 0.2
High risk 18 3.6 18 3.6 0 0.0

Note. AUC ¼ area under the receiver operating characteristic curve; CI ¼ confidence interval.

Figure 2. Receiver Operating Characteristic Curves of MEWS, NEWS, and NEWS2.
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Patients whowere hospitalized in the rehabilitation department
were less likely to experience unanticipated clinical deterioration.
It may reflect that patients whowere admitted to CAM hospitals for
rehabilitation have relatively stable conditions. Therefore, clinical
departments will be considered in managing high-risk patients.

Overall, the findings of this study indicate that NEWS2 can
be used to predict the risk of clinical deterioration in CAM
practices. NEWS2 will be utilized as a common language for
communicating the clinical deterioration risk between healthcare
teams comprising of various healthcare professionals, which will
facilitate timely interdisciplinary interventions. Therefore, hospital
executives and nurse managers should support the use of EWSs in
CAM practice. Setting a protocol including the escalation of care in
CAM hospitals will be a fundamental step. Furthermore, a rapid

response system between CAM hospitals and conventional medi-
cine hospitals needs to be implemented.

The findings of this study also indicate that EWSs' predictive
abilities need to be further improved. Based on the findings of this
study, patient, care, and system factors can be used to detect
patients at high risk of clinical deterioration. Using multiple
predictors will contribute to reducing false alarms and increasing
EWSs’ predictive ability.

However, this study has several limitations. First, this study was
conducted only in two CAM hospitals. Thus, the generalizability of
the findings is limited. However, we analyzed 5-year data, which
also met the recommendation of including at least 100 event cases
[42]. Second, most event cases were transfers to other conventional
medicine hospitals. Thus, we could not analyze patient outcomes
after transfer. Third, we collected data based on recordings using a
retrospective study design. Since documentation could not be
prioritized in busy clinical environments, EWSs' performance can
be different in real-world practice. In addition, we did not include
variables such as the degrees of vital signs’ derangement over time
and their temporal characteristics, laboratory test results, and care
team factors that may affect the performance of EWSs and patient
outcomes. Lastly, we assigned risk stratification values to the cases
with missing data of frailty risk through medical record reviews
(n ¼ 9). It can cause bias. However, additional analyses, after
excluding such cases, demonstrated that the results were consis-
tent. Thus, we suggest future studies with more cases of mortality
and cardiac arrest, including various CAM hospitals. Furthermore, a
prospective study on the impact of using EWSs on patient outcomes
is recommended.

Conclusion

This study provides evidence on the performance of EWSs in
CAM hospitals for predicting high-risk patients who especially
require rapid transfer to acute-care conventional medicine hospi-
tals due to unanticipated clinical deterioration. Using NEWS2 will
help identify high-risk patients in CAM hospitals. At the same time,
patient, care, and system factors should be considered to avoid
preventable adverse events and improve patient safety. This study
finding will contribute to expanding the applicability of EWSs to
CAM hospitals.
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Table 3 Logistic Regression Results for Unanticipated Clinical Deterioration Event
Occurrence.

Variable Odds ratio 95% Confidence
interval

NEWS2
Medium and high risk 25.03 (2.78e225.46)*
Low-medium risk 3.28 (1.02e10.55)*
Low risk reference

Gender
Men 1.28 (0.72e2.27)
Women reference

Age (years) 1.00 (0.98e1.03)
Education level
College or higher 0.82 (0.37e1.84)
High school 0.55 (0.26e1.20)
Others 0.67 (0.27e1.64)
Middle school or lower reference

Body mass index 0.96 (0.89e1.04)
Fall risk
High 2.07 (0.86e4.49)
Medium 2.98 (1.48e6.02)*
Low reference

Pressure ulcer risk
High 4.33 (2.12e8.84)*
Low reference

Clinical worry score 1.91 (1.29e2.84)*
Primary medical diagnosis
Circulatory system disease 3.44 (1.64e7.23)*
Nervous system disease 1.80 (0.69e4.74)
Neoplasm 12.98 (3.92e43.00)*
Musculoskeletal system disease 1.37 (0.43e4.41)
Injuries, other consequences of
external causes

5.21 (1.43e18.94)*

Others reference
Charlson comorbidity index 1.07 (0.95e1.20)
Admission route
Outpatient department 0.98 (0.37e2.58)
Others reference

Use of prescribed medicine 4.34 (1.42e13.28)*
Complementary and alternative medicine treatment
Acupuncture 0.09 (0.01e0.97)*
No acupuncture reference

Moxibustion 0.74 (0.39e1.41)
No moxibustion reference

Cupping 1.03 (0.57e1.86)
No cupping reference

Physical therapy 0.79 (0.44e1.43)
No physical therapy reference

Length of stay (days) 1.00 (0.99e1.01)
Clinical department
Rehabilitation 0.26 (0.12e0.60)*
Acupuncture 0.73 (0.32e1.65)
Others 0.71 (0.24e2.07)
Internal medicine reference

Note. This analysis was performed using 435 patient data due to the missing values
of body mass index.
*p < .05.
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