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s u m m a r y

Purpose: Pediatric cancer is a serious problem and still becomes a global challenge today. Various
complex stressors due to diagnosis, disease symptoms, and various side-effects from the treatment that
children with cancer undergo will cause problems in the child's psychoneuroimmunological aspects.
Psychological interventions designed to modulate the stress response include psychoneuroimmuno-
logical markers. Unfortunately, there is little evidence to support the effect of psychological interventions
on psychoneuroimmunological markers. This systematic review aims to assess the effectiveness of
psychological interventions on psychoneuroimmunological markers in children with cancer and to
provide a new integrative model for further research.
Methods: This systematic review uses four main databases (Scopus, PubMed, ScienceDirect, and Pro-
Quest). The guideline used Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA). Selecting articles used the Rayyan application. The quality study was conducted using Joanna
Briggs Institute (JBI)'s critical appraisal tools. The data were analyzed using the population, intervention,
comparison, outcome, and study design (PICO) Synthesis based on similarities and differences in study
characteristics to interpret the results.
Results: The search results in this systematic review found 1653 articles, 21 of which matched the
predetermined inclusion and exclusion criteria. Most of the designs used were randomized controlled
trials (57.1%). Massage therapy was the most common type of psychological intervention (14.2%). Almost
half of the studies measured psychological responses (38.0%), and psycho-physiological responses
(42.9%), and only a small proportion assessed the effectiveness of psychological interventions on neu-
roimmunological markers in pediatric cancer.
Conclusions: We recommend the use of psychological interventions as an additional intervention in
managing psychoneuroimmunological markers of pediatric cancer. This study offers a new integrative
model demonstrating the interaction between stress and psychological intervention involving neuro-
endocrine and immune mechanisms. However, future researchers need to test all domains of these new
integrative models. This will reveal the complex interactions among these components and understand
their relevance to health outcomes.
© 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

Cancer ranks as the second most prevalent cause of mortality
among children aged 1 to 14 years, following accidents. According
to available data, it is projected that around 1040 children below
the age of 15 in the United States will experience mortality due to
cancer in the year 2023 [1]. Multiple empirical studies have

Idyatul Hasanah: https://orcid.org/0000-0002-3277-9392; Nursalam Nursalam:
https://orcid.org/0000-0002-9052-6983; Ilya Krisnana: https://orcid.org/0000-
0001-8076-9036; Wawan F. Ramdani: https://orcid.org/0000-0002-4499-5519;
Zikrul Haikal: https://orcid.org/0000-0002-5720-9230; Tita Rohita: https://orcid.
org/0000-0003-3715-7960
* Correspondence to: Faculty of Nursing, Airlangga University, Surabaya, 60115,

Indonesia.
E-mail address: nursalam@fkp.unair.ac.id

Contents lists available at ScienceDirect

Asian Nursing Research

journal homepage: www.asian-nursingresearch.com

https://doi.org/10.1016/j.anr.2023.07.001
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) 119e137

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-3277-9392
https://orcid.org/0000-0002-9052-6983
https://orcid.org/0000-0001-8076-9036
https://orcid.org/0000-0001-8076-9036
https://orcid.org/0000-0002-4499-5519
https://orcid.org/0000-0002-5720-9230
https://orcid.org/0000-0003-3715-7960
https://orcid.org/0000-0003-3715-7960
mailto:nursalam@fkp.unair.ac.id
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anr.2023.07.001&domain=pdf
www.sciencedirect.com/science/journal/19761317
http://www.asian-nursingresearch.com
https://doi.org/10.1016/j.anr.2023.07.001
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.2023.07.001
https://doi.org/10.1016/j.anr.2023.07.001


indicated that the well-being of children and their families can be
adversely affected by diseases and adverse effects associated with
different forms of cancer treatment, including chemotherapy, ra-
diation therapy, surgery, and bone marrow transplants [1e4]. The
administration of the treatment can exacerbate the symptoms of
heightened distress that are commonly linked to the adverse effects
of the treatment and its toxic properties [5]. In addition to the
physical manifestations of the disease and the adverse effects of the
treatment regimen, pediatric cancer patients are subjected to an
extensive period of hospitalization, which may elicit a range of
emotional responses including fear, anger, and sadness [6]. Ac-
cording to previous research, children and adolescents diagnosed
with cancer often describe experiencing both physical and psy-
chosocial transformations resulting from their therapeutic in-
terventions. Additionally, they frequently encounter stigmatization
from others and express a strong desire to regain a sense of
normalcy that they had prior to their illness [4].

The majority of pediatric patients diagnosed with cancer
encounter at least one distressing symptom, with a significant
proportion experiencing at least one highly distressing symptom
[7]. According to prior studies, a significant majority of children
undergoing cancer treatment exhibit various symptoms, including
reduced appetite (87.0%) and pain (86.0%) [8]. Additionally, these
children commonly experience fatigue, nausea, vomiting, and sleep
disturbances [5,9,10]. A range of factors can contribute to the
occurrence of stressful conditions in children. This finding is
consistent with prior scholarly investigations, which elucidate that
children diagnosed with cancer exhibit notable indications of
anxiety, stress, and depression [11]. The presence of symptoms
related to anxiety, stress, and depression during the course of
treatment has the potential to adversely impact the overall quality
of life experienced by individuals [12].

Numerous scholarly sources elucidate the significant advance-
ments witnessed in the domain of pediatric cancer treatment and
supportive care in recent decades. As a result, the current 5-year
survival rate for pediatric cancer exceeds 80.0% [13]. This asser-
tion is corroborated by additional research studies which have
documented favorable outcomes among a significant number of
pediatric cancer survivors subsequent to their treatment. Never-
theless, the majority of subgroups encountered psychological
distress and a decline in health-related quality of life [14]. There
exists a significant body of evidence within the cancer population
that establishes a correlation between psychological stress and a
decline in immune function [15]. The impact of psychological
distress on the hyperactivity of the hypothalamic-pituitary-adrenal
(HPA) axis has been recognized, leading to disruptions in the
integration of neurohormonal and immunological processes
[13,16e18]. The occurrence of psychological stress prompts
communication between the brain and the immune system,
thereby exerting an influence on immune function. The bidirec-
tional communication between the immune system and the brain
is facilitated through reciprocal pathways. Both directions are
associated with the progression of diseases. This becomes partic-
ularly pertinent in cases where the psychological stress persists
over an extended period of time, or when there is a chronic acti-
vation of the immune system. In both scenarios, there is a decrease
in both physical and mental activity, which has the potential to
contribute to the development and progression of illness and dis-
ease [18,19].

The psychoneuroimmunological perspective is derived from the
integration of psychological distress and the body's biological
conditions [19]. Psychoneuroimmunology (PNI) is a discipline that
investigates the impact of the interplay between psychological,
neural, and immunological mechanisms on both human health and
behavior [20e22]. Additional scholarly literature elucidates that

PNI is a discipline that exhibits a strong interconnectionwith stress
regulation, the intricate interplay between human behavior, and
the intricate functioning of the nervous, endocrine, and immune
systems [20e23]. This discipline encompasses the comprehension
of the impact that thoughts, emotions, and behaviors can exert on
the immune response and overall well-being [20e22]. In the field
of pediatric oncology, research on psychoneuroimmunology (PNI)
aims to elucidate the interplay between psychological factors, the
nervous system, and the immune response, as well as their impact
on cancer pathology and therapeutic interventions [24,25].

Several interventions have been devised to assist pediatric
cancer patients in managing psychoneuroimmunological markers,
with psychological interventions being one such approach. Never-
theless, there exists a lack of consensus regarding the precise
delineation of the terminology associated with psychological
intervention. According to a meta-review conducted by Hodges
et al. [26] states that the description of the terms of intervention
that are often used in research are ‘psychosocial’, psychological,
psychotherapy, nonpharmacological, behavioral, supportive, psy-
choeducational, psychosomatic, psychiatric, and noninvasive.
Hoffman et al. [27] define psychological interventions as a method
or strategy used to manage a person's physical, psychological, and
neurocognitive response interventions. These interventions can be
categorized into various approaches, including relaxation tech-
niques, distraction techniques, cognitive behavioral therapy (CBT)
strategies, mindfulness-based stress reduction, acceptance and
commitment therapy, cognitive therapy functional, health coach-
ing, biofeedback, education, and counseling.

There is a growing body of research focused on cancer survivors,
which indicates that a range of psychological interventions have the
potential to mitigate psychological distress, enhance coping mech-
anisms, and positively impact immune function by influencing the
neuro-endocrine and immune systems [24]. The existing body of
literature has extensively documented the correlation between
psychological stress and cancer across different age groups. Never-
theless, the existing body of literature indicates a scarcity of empir-
ical support regarding the impact of psychological interventions on
psychoneuroimmunological markers, specifically within the context
of pediatric cancer. The utilization of psychoneuroimmunological
markers to identify the physiological reactions of the body can serve
as a prospective objective measure in evaluating the efficacy of
psychological interventions in the context of pediatric cancer [28].

This review aims to provide empirical evidence regarding the
efficacy of psychological interventions in modulating the psycho-
neuroimmunological system in pediatric cancer patients. Further-
more, this review presents an integrative framework that offers a
comprehensive understanding of the interplay between pediatric
cancer, psychological intervention, and the intricate processes
involved in nervous system development. This framework allows
for the evaluation of the impact on children's psychoneur-
oimmunological markers as a means of assessing these novel
pathways. This systematic review aims to contribute to the
advancement of interventions by providing a comprehensive
overview of the integration of biopsychosocial factors, psycholog-
ical interventions, and PNI in the context of pediatric cancer. The
objective of this systematic review is to evaluate the efficacy of
psychological interventions in modulating psychoneuroimmuno-
logical markers among pediatric cancer patients.

Methods

The guideline used to conduct this systematic review is The
Preferred Reporting Items for Systematic Review andMeta-analysis
(PRISMA) [29]. This systematic review has been registered with
PROSPERO with registration number CRD42023392169.
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Inclusion and exclusion criteria

The selection and search criteria used inclusion and exclusion
criteria. The inclusion criteria include: (1) using PICOS (population,
intervention, comparison, outcome, and study design). P (Popula-
tion), means the study must involve children aged 0 to 18 years
who suffer from cancer, I (intervention), is the use of all types of
psychological interventions (we replicate the definition provided
by Hoffman et al. [27] by defining psychological intervention as one
of the following approaches: all kinds of relaxation techniques, all
kinds of distraction technique, cognitive behavioral therapeutic
strategies, mindfulness based stress reduction, acceptance and
commitment therapy, cognitive functional therapy, health coach-
ing, biofeedback, education, and counseling), C (comparison), is the
control group or comparison group that is not psychological
intervention, O (outcome), means studies include an analysis of at
least one psychoneuroimmunological response in the form of a
psychological responses (there is a feeling that someone feels like
stress level, depression level, anxiety level, fear, fatigue level,
quality of sleep, and quality of life that is measured by using a
questionnaire); physiological responses (an individual response
physically characterized by an increase heart rate, pulse, blood
pressure, pain level, appearance nausea, vomiting, and fever); and
neuroimmunological response (the body's response to stimuli
involving the central nervous system (CNS) and the immune sys-
tem that is measured by one of the saliva, hair, blood, or urine tests
such as cortisol, leukocytes, cytokines, immunoglobulins and other
immune responses). Study design (S) is all types of quantitative
research; (2) the year of publication is the last ten years, between
2013 and 2022; (3) the articles taken are published in English. The
exclusion criteria are (1) protocol studies, conference pre-
sentations, editorials, review articles, case reports, and case series,
qualitative research, applied or development designs; (2) Studies
involving molecular indicators or DNA; and (3) studies combining
psychological intervention therapy with pharmacological inter-
vention (use of drugs).

Search strategy

Reviewers scanned academic databases from the study
commencement date from December 2022 to February 09, 2023.
Searches were performed on four databases (Scopus, PubMed,
ScienceDirect, and ProQuest). The minimum standard for searching
the literature in a systematic review is minimally using a combi-
nation of 4 main databases [30]. The consequence of using these
four main databases is that researchers will produce fewer search
results, and there is a possibility of missing relevant references.
However, in this systematic review, we also use Google Scholar to
minimize the possibility of missing relevant references. In general,
researchers consider combining four main databases equipped
with Google Scholar to provide efficient results in this systematic
review.

The main search term is “psychological intervention” combined
using the Boolean “AND/OR” with terms related to “psychological
and physiological responses” and “neuroimmunological markers”.
Then the related term “childrenwith cancer”was added. The author
defines synonyms with the keyword as follows: (“Paediatrics” OR
“Child”OR “childhood”OR “Children”OR “Adolescent”OR “teen”OR
“teenagers”) AND (“cancer” OR “pediatric cancer” OR “childhood
cancer” OR “neoplasm”) AND (“psychology” OR “psychological”
OR “Psychological programs” OR “Psychological intervention”
OR “psychotherapeutic” OR “psychotherapy”) AND (“Psychoneuro-
immunology” OR “Psychoneuroimmunology responses” OR “psy-
chology” OR “Physiology” OR “neurology” OR “endocrinology” OR
“immunology” OR “Biological Markers” OR “Biomarkers” OR

“cortisol” OR “leukocyte” OR “Cytokines” OR “lymphocytes” OR
“immunoglobulins”OR “interleukins”OR “anxiety”OR “distress”OR
“stress”OR “pain”OR “Fatigue”OR “Heart rate”OR “blood pressure”
OR “respiratory rate” OR “body temperature” OR “blood oxygen”).
Full search strategies for all resources can be seen in supplementary
Appendix 1.

Selection of study

All authors (IH, NN, IL, WFR, ZH, and TR) scanned academic
databases. Then we conduct the process of selecting articles. Four
reviewers (IH, WFR, ZH, and TR) used Rayyan's intelligent sys-
tematic review to select articles. Rayyan is aweb andmobile app for
systematic reviews. Rayyan proved effective in conducting a sys-
tematic review and has significant potential to lighten the load of
reviewers [31]. Articles filtered from the four main databases were
entered into the Rayyan application. The total number of studies
from this initial database search found 1,652 articles (898 from the
main database and 754 from the auxiliary database). These articles
were then checked, and the duplicates were removed.

IH, WFR, ZH, and TR independently reviewed the titles and
abstracts yielded by this comprehensive search and subsequently
selected articles based on the predetermined inclusion and in-
clusion criteria. Titles and abstracts were screened to include ar-
ticles that first referred to psychological interventions and then
had any terms related to PNI responses (as listed in the search
terms above). We found 34 relevant studies from the main data-
base and independently read them in full text. Then, disagree-
ments between reviewers were resolved by consensus or by the
decision of a third independent reviewer. A level of consensus of
80.0% or higher was considered to represent strong agreement
[32]. Finally, 21 studies were included in this systematic review
(13 articles from the main database and eight articles from the
supplementary database (Figure 1).

Data extraction, analysis, and synthesis

Datawere taken from each article that met the inclusion criteria.
The data extraction process uses a Microsoft Excel sheet. All articles
were read, and all authors extracted the data independently. Then,
any discrepancies were discussed and resolved consensually. When
differences could not be resolved, a third opinion would be sought,
which might prove unnecessary. Given the apparent heterogeneity
among studies in the type of psychological intervention, length of
intervention, and study design, a meta-analysis was impossible.
Thus, we only conducted a narrative review of the findings. Analysis
using PICO Synthesis. The stages of the synthesis process beginwith
identifying the characteristics of the study (Population, Interven-
tion, Comparison, Outcome, and study design) in each article ob-
tained, then grouping them based on the Cochrane Handbook for
Systematic Reviews [33].

Risk of bias and study quality

The authors identified study quality by considering the risk of
bias. This assessment aims to assess a study's methodological
quality and determine the extent to which a study has overcome
possible biases in its design, implementation, and analysis. To
identify the risk of bias, this systematic review uses The Joanna
Briggs Institute (JBI) Critical Appraisal tools following the research
design [34]. Each research design has different questions. Re-
searchers must assess the articles that have been selected. The
scoring results come from the scoring results from the percentage,
which is � 75% ¼ Good, 50e75% ¼ Fair, and <50% ¼ Poor [35].
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Model development

This study offers a new integrative model that shows the
interaction between several factors affecting stress levels, which
can be observed through neuroendocrine and immune mecha-
nisms. Meanwhile, this integrative model also demonstrates how
psychological interventions can modulate the effects of these
various factors on neuroendocrine and immune mechanisms, ul-
timately influencing health outcomes. The conceptual framework
of this new integrative model was created based on the conceptual
framework of the biopsychosocial model [36] integrated with the
field of PNI [19] and the results of this systematic review (Figure 2).

The biopsychosocial model is structured by several domains,
including psychosocial, biological, and health behaviors, stress,
psychological interventions, neuroendocrine and immune system
mechanisms, and health outcomes. The biopsychosocial model
describes the interaction among the factors that influence the
stress of a person's life. Those factors encompass psychosocial,
biological, and health behaviors that lead to susceptibility (or
resistance) to disease, onset, disease symptoms, disease develop-
ment, exacerbation, recovery, and quality of life through the pro-
cess of involving neuroendocrine and immune mechanisms.
Meanwhile, health psychological interventions are regarded to
modulate the effects of these various factors on neuroendocrine
and immune mechanisms, which in turn will influence health
outcomes. The indicators for each domain refer to the results of a
literature search and this systematic review's results.

The new integrative model shows the integration between the
biopsychosocial model in the domain of neuroendocrine mecha-
nisms and the immune system and psychoneuroimmunology (PNI).
PNI is a field of medical science that examines the relationship
between psychological stress and physiological processes in the
body. The mind, nervous, endocrine and immune systems have a
reciprocal relationship anatomically and biochemically [19]. PNI in
the new integrative model is organized into four domains: psy-
chology, physiology, neuroendocrinology, and immune systems.
The indicators for these four domains are compiled based on our
results in this systematic review.

In the psychological intervention domain, the authors arrange
the types of psychological interventions in the new integrative
model according to the results of the author's synthesis in this
systematic review. Based on the biopsychosocial model, the domain
of psychological intervention consists of cognitive behavioral stress
management (CBSM), relaxation, hypnosis, meditation, emotional
disclosure, adherence-based interventions, sleep hygiene, exercise,
social support groups, psychotherapy, imagery, distraction, behav-
ioral pain management, yoga, massage, biofeedback, drug/alcohol
prevention/rehabilitation, psychotherapy, and behavioral condi-
tioning. All of these interventions can be used in any type of disease
or condition. However, the types of psychological interventions set
in the integrative model framework are the psychological in-
terventions that can be used in children with cancer, considering
that this systematic review was carried out on the population of
children with cancer.

Research identification through the main database

Total Research included
(n = 21)  

Identified database search 
records (N=898)

Scopus (n=603)
PubMed (n=246)
PROQuest (n=41)
Scienedirect (n=8)

Duplicate exclude 
(n=10)      

Title and abstract screen
(n = 888)    

Full text screen
(n = 44)  Reports not retrieved (n = 0)

Exclude (n=31)

- Wrong study population (n=8)
- Wrong intervention (n=2)
- Wrong outcome (n=11)
- Wrong study design (n=10)

noitacifitnedI
gninee rc S

Second full-text screen 
and assessed for eligibility 

(n = 44)

Research included
(n = 13)

In
cl
ud

ed

Exclude (n=844)

Title and abstract not relevant to:
Population (P), Intervention (I), 
Comparation (C), Outcome (O), and 
Design (D)

Research identification through other methods

Manual identified from 
Google scholar (n= 754 )   

Articles assessed for 
eligibility (n=42)  

Research included (n= 8)     

Figure 1. Flowchart Used in Selecting Studies Using PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) [32].
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Results

Study characteristic

The author obtained 1653 articles through all the specified da-
tabases. Studies that met the inclusion criteria in this systematic
review were 21 articles. A description of the percentage of study
characteristics obtained is shown in Table 1.

Based on the table above shows that most of the designs used
were randomized controlled trials 12 (57.1%). At the same time, the
types of psychological interventions used vary widely. The most
common type of psychological interventionwas massage therapy 3
(14.2%). Almosthalf of the studiesmeasuredpsychological responses
8 (38.0%), and psycho-physiological responses 9 (42.9%), and only a
small proportion assessed the effectiveness of psychological
interventions on neuroimmunological markers in pediatric cancer.

Progression/
Exacerbation/

Recovery

Survival/
Quality of life (H)

Psychological intervention (E)

MEDiPORT cognitive-behavioral 

arm, animal-assisted therapy, virtual 

reality, music therapy, massage 

therapy, clown intervention, make a 

wish intervention, mandala drawing, 

cognitive behavioral therapy, deep 

breathing, pet therapy, hipnosis, 

thoucing, relaxation-guided imagery,  

humor therapy, interactive 

therapeutic play education program, 

play therapy, sleep hygiene

Psychosocial factor (A)

Individual diffrence
- Child's personality model
- Coping strategies used
- Perception of disease

Mood
- Feelings of helplessness
- Anxiety levels
- Stress levels

Resource
- Social support
- Level of psychological distress of 

caregivers
- Caregiver coping strategies

Other
Stress reactivity

Biological factor (B)

- Genetic
- Gender
- Age
- Diagnosis of cancer
- Type of cancer
- Physical symptom
- Medical treatment
- Repeat Invasive prosedures
- Repeat hospitalization

Health behaviors/ Life style 
factor (C)

- Quality and quantity of Sleep
- Healthy Diet
- Exercise
- Adherence of treatment

Life stress (D)

Acute, Chronic, Early life experience

- Epinephrine
- Nor-Epinephrine
- Endorphine 
- Dopamin

- Natural killers (NK)
- B lymphocytes
- CD4+ T lymphocytes
- CD8+ T lymphocytes
- IgM IgA antibodies
- IgA antibodies
- α-amylase
- Others immune 

responses

Cortisol

Nervous System

Immune 
System

Endocrine
System

- Anxiety
- Fear
- Stress/distress
- Mood 
- Sleep disorder
- Resilience
- Fatigue 
- Depression 
- Other 

psychological 
responses

Psychological 
responses

Physiological 
responses

(Blood pressure, 
heart rate, fever,

pain etc) 

Psychoneuroimmunology (F) 

Diseases onset
Symptom 

Vulnerability/ 
Resistance

Figure 2. Illustration of the New Integrative Model [19,36].
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Risk of bias and study quality

Almost all studies included in this systematic review (n ¼ 18)
have a study quality category as “Good” with a score above 75.0%
using the Joanna Briggs Institute (JBI) critical appraisal so that all
studies can be carried out synthesis analysis (see Table 2).

Impact of psychological intervention

From searching several scientific-based data, 21 studies illus-
trated that psychological interventions positively impacted psy-
choneuroimmunological responses in children with cancer. Based
on this review, the author divides the impact of psychological
intervention into two themes, including: (1) psychological re-
sponses (e.g., pain, anxiety, stress/distress, mood, fear, fatigue,
depression, sleep quality, quality of life, and other psychological
responses) and physiological responses (e.g., fever, pain, nausea,
vomiting, blood pressure, heart rate, and other physiological re-
sponses); (2) psycho-physio and neuroimmunological marker (e.g.,
cortisol, NK cell, B lymphocytes, CD4þ T lymphocytes, CD8þ T
lymphocytes, IgM antibodies, IgA antibodies, a-amylase, and
another neuroimmunological marker).

1. Impact of psychological interventions on psychological and
physiological responses.

Almost all of the research in this systematic review assesses the
effectiveness of psychological interventions on psychological re-
sponses (stress/distress, fear, anxiety, fatigue, depression,
decreased sleep quality, and quality of life) and physiological re-
sponses (blood pressure, heart rate, pain, nausea, vomiting, and
fever). Nine studies assessed the effectiveness of interventions on
psycho-physiological responses [37e45] and eight studies only
assessed psychological responses but did not assess children's
physiological responses [46e52].

Based on these studies, some studies show insignificant results.
The psychological intervention in the form of MEDiPORT was re-
ported to have no significant effect on the level of pain felt by

children with cancer who underwent needle insertion. MEDiPORT
is a 3-foot-tall humanoid robot (NAO hardware produced by Soft-
bank Robotics andMEDi software produced by RxRobots. The robot
is self-standing, able to walk, has hands that can self-adapt and
grip, has eyes with light emission diodes, and has two speakers and
four microphones to detect and project sounds. The robot can be
programmed using a proprietary software development kit [37]. In
addition, other studies have reported that massage therapy in ad-
olescents with cancer undergoing hospitalization shows no sig-
nificant changes in anxiety, mood, or fatigue from before to after
the intervention [49]. This review shows that all studies that
measure psychological responses use questionnaires. The ques-
tionnaires used varied, but most of the psychological problems
assessed were the child's level of anxiety, mood, fear, and distress/
stress level. At the same time, the physiological response is assessed
through symptoms such as pain, nausea, vomiting, fever, and
changes in vital signs such as blood pressure and heart rate. Mea-
surement of pain level and assessment of symptoms such as nausea
and vomiting in all studies used a questionnaire. Meanwhile,
measuring vital signs such as blood pressure and heart rate uses
standard tools. Diastolic and systolic blood pressure and heart rate
in this study were used to measure children's physiological stress.
Research has found that measuring physiological responses is al-
ways accompanied by assessing psychological responses using a
questionnaire.

2. Impact of psychological intervention on the psycho-physio-
neuroimmunological marker.

Based on this review, we found that there was one article that
only assessed the effectiveness of psychological interventions on
neuroimmunological markers [53], one article assessing psycho-
neuroimmunological markers [54], one article assessing physio-
neuroimmunological markers [24], and one article assessing
psycho-physio-neuroimmunological markers [55].

Based on this review, music therapy is one of the psychological
interventions used to manage neuroimmunological responses.
Music therapy does not statistically affect cortisol levels but

Table 1 Description of Study Characteristics (n ¼ 21).

Component Characteristic (n ¼ 21) Percentage (%)

Study design Randomized controlled trial 12 57.1
Nonrandomized controlled trial 9 42.9

Intervention type Psychosocial intervention 1 4.8
Mediport cognitive-behavioural arm 1 4.8
Animal-assisted interventions 2 9.5
Virtual reality 1 4.8
Music therapy 1 4.8
Massage therapy 3 14.2
Clown intervention 1 4.8
Make a wish intervention 1 4.8
Mandala drawing 1 4.8
The home-based multimodal symptom-management program 1 4.8
Integrated experiential training program with coaching 1 4.8
Adventure-based training 1 4.8
Cognitive behavioral therapy 1 4.8
Psychological intervention base psychoneuroimmunology 1 4.8
Therapeutic play 1 4.8
Mindfulness-based stress reduction 1 4.8
Art therapy (drawing, painting and ceramic art) 1 4.8
Drawing and writing technique 1 4.8

Outcome Psychological responses 8 38.0
Neuroimmunological markers 1 4.8
Psychological and physiological responses 9 42.9
Psychological responses and neuroimmunological markers 1 4.8
Physiological responses and neuroimmunological markers 1 4,8
Psycho-physio-neuroimmunological marker 1 4.8
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clinically shows a positive effect in reducing cortisol levels. The
study suggested that the results that were not statistically signifi-
cant could be caused by several things, including the small sample
size, the range of results for measuring cortisol levels that were too
far apart, the homogeneity of clinical conditions and levels of stress
exposure, environmental factors, and the time and duration of
therapy music that is too long [53]. Meanwhile, a study by Lopes
Junior et al. (2020) reported that the clown intervention positively
impacted cortisol levels but did not impact a-amylase levels in
children with cancer. Future research should focus on a specific
tumor type, have homogeneous samples, and use a more detailed
investigation with robust statistical analyses. Future studies could
also identify pediatric cancer inpatient profiles most likely to
benefit from this type of intervention regarding age, gender, fre-
quency of clown visits, and follow-up period [54]. In addition, a
related studywas also conducted in the UK and found that pediatric
patients with leukemia who underwent PNI-based psychological
interventions had a strong correlation between improvements in
several key immune markers and a more satisfactory evolution of
various clinical aspects of the disease, symptomatic treatment, and
quality of life [24]. Quasi-experimental research conducted in
Taiwan also identified the effectiveness of therapeutic play on
changes in psychological, physiological, and neuroendocrine as-
pects. This study reports that therapeutic play interventions can
reduce anxiety, heart rate (HR), and cortisol scores before External
beam radiotherapy (EBRT) in children with brain tumors [55]. A
summary of the studies can be seen in Table 3.

Development of a new integrative model

The following illustrates a new integrative model that explains
the relationship between the biopsychosocial model, PNI, and
psychological intervention in children with cancer. Based on the
results of a systematic review and the incorporation of several

theoretical concepts, the development of this new integrative
model is divided into four domains, including.

1. Factors that affect stress (Box A-C)

Based on the biopsychosocial model, the factors influencing a
person's stress condition include psychosocial, biological, and
health behavior. Psychosocial processes (Box A) are factors that
influence a person's interpretation and response to stressors which
include individual differences (e.g., the child's personality model,
coping strategies used, and perceptions of illness); mood (e.g.,
feeling of helplessness, anxiety levels, and stress levels); resources
(e.g., social support, care-giver’s coping strategies, care-giver’s de-
gree of psychological distress); other (stress reactivity). Biological
factors (Box B) are factors that influence a person's response to a
stressor, including genetics, gender, age, diagnosis of cancer, type of
cancer, physical symptoms, medical treatment, repeat invasive
procedures, and repeat hospitalization. Health behaviors/lifestyle
factors (Box C) are factors that influence a person's response to a
stressor, e.g., quality and quantity of sleep, healthy diet, exercise,
and treatment adherence. The indicators for each psychosocial,
biological, and health behavior domain refer to previous literature,
which discusses the factors that influence stress regulation in
children with cancer [23].

2. Stress

Stress is a person's inability to cope with perceived threats to
one's mental, physical, emotional, and spiritual well-being, result-
ing in physiological responses and adaptations [56]. All cancer pa-
tients experience distress due to the diagnosis, effects of the
disease, or treatment being undertaken [57]. Life stress (Box D) can
be acute or chronic. Acute stress lasts minutes to hours, and chronic
stress lasts months to years [19]. Acute and chronic stress will affect

Table 2 Checklist For Randomized Control Trial (RCT) And Non Randomized Control Trial (Non RCT) From The Joanna Briggs Institute (JBI).

Studies Included
Randomised Control Trial (RCT)
(13 Item Question)

No Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Total score Category

1 (Jibb et al., 2018) Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13 100.0% (Good)
2 (McCullough et al., 2018) Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13 100.0% (Good)
3 (Gerçeker et al., 2021) Y Y Y Y Y Y Y N Y Y Y N Y 11/13 84.6% (Good)
4 (Shoshani et al., 2016) Y Y Y N N Y Y Y Y Y Y N Y 10/13 76.9% (Good)
5 (Gürcan and Atay Turan, 2021) Y Y Y Y N N Y Y Y Y Y Y N 10/13 76.9% (Good)
6 (Lam et al., 2018) Y Y Y N Y Y Y Y N Y Y Y Y 11/13 84.6% (Good)
7 (Jacobs et al., 2016) N N Y N Y N Y Y Y Y Y Y Y 9/13 69.0% (Fair)
8 (Li et al., 2018) Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13 100.0% (Good)
9 (Zhang et al., 2019) Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13 100.0% (Good)
10 (Hsiao et al., 2019) Y Y N N N N Y Y Y Y Y Y Y 9/13 69.0% (Fair)
11 (Cheng and Tan, 2021) Y Y N N N N Y Y Y Y Y N N 7/13 53.8% (Fair)
12 (Liu et al., 2019) Y Y N N N Y Y Y Y Y Y Y Y 10/13 76.9% (Good)

Studies Included
Non-Randomized Control Trial (Non RCT)
(9 Item Question)

No Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total score Category

13 (Hasanah et al., 2020) Y Y Y N Y N Y Y Y - - - - 7/9 77.0% (Good)
14 (Genik et al., 2020) Y Y Y Y Y N Y Y Y - - - - 8/9 88.8% (Good)
15 (Lopes-Junior et al., 2020) Y Y Y N Y N Y Y Y - - - - 7/9 77.0% (Good)
16 (Cheng and Tan, 2021) Y Y Y Y Y Y Y Y Y - - - - 9/9 100.0% (Good)
17 (Çelebio�glu et al., 2015) Y Y Y Y Y N Y Y Y - - - - 8/9 88.8% (Good)
18 (Altay et al., 2017) Y Y Y N Y N Y Y Y - - - - 7/9 77.0% (Good)
19 (Patil et al., 2021) Y Y Y Y Y N Y Y Y - - - - 8/9 88.8% (Good)
20 (Silva and Os�o Rio, 2018) Y Y Y N Y N Y Y Y - - - - 7/9 77.0% (Good)
21 (Chacin-Fern�andez et al., 2019) Y Y Y Y Y Y Y Y Y - - - - 9/9 100.0% (Good)

Note: Y: Present; NA: Not Applicable; N: Not Present; RCT: Randomized Control Trial; Non RCT: Non Randomized Control Trial; JBI: The Joanna Briggs Institute.
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Table 3 Summary of Study Description (n ¼ 21).

No Author,
year

Country Design Sample Size (N)
Age

Mean ± SD/Median (Mean-Max)

Participant and
setting

Type of intervention Instrument Outcome Result

Intervention group
age

Control group
age

Intervention
group

Control
group

Psychological and
physiological
responses

Psychoneuro
immunological

markers

1 (Hsiao
et al., 2019)

Taiwan Quasi-
Experimental

n ¼ 7
Age: 0e18 years
mean ± SD
0.65 ± 0.27

n ¼ 6
Age: 0e18 years
mean ± SD
4.81 ± 2.75

Patients with
acute
lymphoblastic
leukemia (ALL) or
acute myeloid
leukemia (AML)
aged <18 years
who underwent
BMP and lumbar
puncture (n ¼ 13)

Psycho-social
interventions
consisting of
preparation and
cognitive
behavioral
interventions

Without
psychosocial
interventions

Observational
Scale of Behavioral
Distress (OSBD-R)

Distress level e The mean age at diagnosis of
leukemic was 6.6 years (range:
3e11 years). Fifteen patients
were diagnosed with acute
lymphoblastic leukemic, and 3
were diagnosed with acute
myeloid leukemic. The mean
OSBD-R total score in the 7
patients with psychosocial
intervention was significantly
lower than the mean score in
the 6 patients without
intervention (0.65 vs 4.81,
pZ0.002). Pre- and post-
psychosocial interventions for
BMA and LP behavioral
disorders were evaluated for
the remaining 5 patients.
Consistently, there was a
significant decrease in the
OSBD-R score after the
intervention (3.04 vs. 7.81,
pZ0.025)

2 (Jibb
et al., 2018)

Canada Randomized
controlled
trial

n ¼ 19
Age: 4e9 years
mean ± SD
2.6 ± 3.5

n ¼ 21
Age: 4e9 years
mean ± SD
3.5 ± 3.9

Pediatric patients
aged
4 to 9 years with
cancer who
underwent needle
insertion (n ¼ 40)

MEDiPORT
cognitive-
behavioral arm
(robot using
evidence-based
cognitive-
behavioural
interventions) or
active distraction
arm (robot
dancing and
singing)

No control group 1. Face Pain
Scaled Revised
(FPS-R)

1. Pain level e Overall, MEDiPORT and this
study were acceptable to the
participants. There was no
significant difference in pain
intensity between arms
(P ¼ .68), but there was less
pressure during the procedure
on the distracted arm. No
differences between groups
were observed for the fear and
distress subscale (P ¼ .012).

2. The Children's
Fear Scale (CFS)

2. Degree of fear

3. Behavioral
Approach-
Avoidance Scale
(BAADS)

3. Distress level

3 (McCullough
et al., 2018)

USA Randomized
controlled
trial

n ¼ 60
Age: 3e17 years
mean ± SD
8.9 ± 4.5

n ¼ 46
Age: 3e17 years
mean ± SD
8.1 ± 4.6

Newly diagnosed
cancer patients,
aged 3 to 17 years
(n ¼ 106)

Animal-assisted
interventions

standard care 1. The State-Trait
Anxiety
Inventory™

1. Anxiety level e Children in both groups
experienced a significant
decrease in anxiety (P < .001).
However, there were no
significant differences between
groups over time at any of the
observed measures.

2. Pediatrica
Quality of Life
Inventory

2. Blood pressure
and heart rate

3. Child blood
pressure and
heart rate

4 (Gerçeker
et al., 2021)

Turkey Randomized
controlled
trial

n ¼ 21
Age: 6e17 years
mean ± SD
2.4 ± 1.8

n ¼ 21
Age: 6e17 years
mean ± SD
5.3 ± 1.8

Hematology-
oncology pediatric
patients
undergoing port
with Huber needle
aged >6 to
<17 years (n ¼ 42)

Virtual reality standard care
(without VR)

1. Wong-Baker
Faces Pain
Rating Scale

1. Pain level e Patient self-reported pain
scores in the VR and control
groups were 2.4 ± 1.8 and
5.3 ± 1.8, respectively. This
study found statistically
significant differences between
groups in pain scores

2. Children's
Anxiety Meter

2. Level of anxiety

3. Child Fear Scale 3. Degree of fear
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(p < .001). Statistically
significant differences were
found between groups
according to self-reported and
parental fear and anxiety
scores after the procedure.
Self-reported fear scores in VR
and control groups were
0.8 ± 0.9, 2.0 ± 1.0, self-
reported anxiety scores were
2.9 ± 2.0, 5.4 ± 2, respectively
0 (p < .001).

5 (Hasanah et al.,
2020)

Indonesia Pre-
experimental
study

n ¼ 30
Age: 6e18 years
median (min-max)
Children: 0.00 (9.35
e3.18)
Adolescent: 0.54 (2.47
e3.95)

None Pediatric patients
with leukemia
aged 6e18 years
who undergoing
IV line insertion
(n ¼ 30)

Music therapy no control group ELISA e Cortisol levels Cortisol levels before and after
music therapy each had a
median (minemax) of 4.14
(0.25e9.89) and 3.47 (0.16
e15.31). Themedian difference
in cortisol levels was 0.67 ng/
ml. This �0.05 ng/ml change
indicates the clinical effect of
music therapy on cortisol
levels. Although music therapy
did not significantly affect
salivary cortisol levels
(p ¼ .99), this study revealed a
clinical effect of music therapy
in reducing cortisol levels.

6 (Genik et al.,
2020)

Canada Pre-post
single group
pilot study

n ¼ 8
Age: 8e18 years
mean ± SD
14.57 ± 2.51

None Pediatric patients
aged 8e18 years
with cancer
(n ¼ 8)

Massage therapy no control group 1. PainSquad App 1. Pain level e All participants rated the MT
intervention as acceptable and
agreed that the intervention
helped muscle pain
(Mean ¼ 4.80; Median ¼ 5.00/
5; range: 4e5; SD ¼ 0.45),
reduced anxiety/stress
(Mean ¼ 4.40; Median ¼ 4, 00/
5; range: 4e5; SD ¼ 0.55),
helped relax (Mean ¼ 5.00;
Median ¼ 5.00/5; range: 5;
SD ¼ 0.00), and significantly
increased their QOL overall
(Mean ¼ 4.60; Median ¼ 5.00/
5; range: 4e5; SD ¼
0.55).

2. Faces Pain Scale-
Revised (FPS-R)

2. Degree of fear

3. Children's Fear
Scale (CFS).

3. Quality of life

7 (Lopes-Junior
et al., 2020)

Brazil Quasi
Experimental

n ¼ 16
Age: 6e14 years
mean ± SD
11.4 ± 3.44

none Pediatric patients
with cancer
undergoing
chemotherapy
aged 6e14 years
(n ¼ 16)

Clown
intervention

no control group 1. High sensitivity
enzyme-linked
immunosorbent
assay kit

1. Stress level Levels of salivary
cortisol and a-
amylase

Compared to baseline
measurements, total
psychological stress and
fatigue levels improved after
the clown intervention at
the þ4 h collection time point
(P ¼ .003 and P ¼ .04,
respectively). Salivary cortisol
showed a significant decrease
after the clown intervention
at þ1, þ9, and þ13 h collection
time points (P < .05); however,
a-amylase levels remained
unchanged

2. Child Stress
Scale-ESI

2. Quality of life

3. PedsQL
Multidi
mensional
Fatigue Scale.

(continued on next page)
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Table 3 (continued )

No Author,
year

Country Design Sample Size (N)
Age

Mean ± SD/Median (Mean-Max)

Participant and
setting

Type of intervention Instrument Outcome Result

Intervention group
age

Control group
age

Intervention
group

Control
group

Psychological and
physiological
responses

Psychoneuro
immunological

markers

8 (Shoshani et al.,
2016)

Israel Randomized
controlled
trial

n ¼ 32
Age: 5e12 years
mean ± SD
10.13 ± 3.51

n ¼ 31
Age: 5-12 years
mean ± SD
10.67 ± 4.71

Pediatric patients
aged 5e12 with
early diagnosis of
cancer (n ¼ 63)

Make a wish
intervention

waiting list
control group
without make a
wish intervention

1. The Brief
Symptom
Inventory-18
(BSI)

1. Level of
distress

e Children in the intervention
group showed significant
reductions in general distress
(d ¼ 0.54), depression
(d ¼ 0.70), and anxiety
symptoms (d ¼ 0.41),
improvement in health-related
quality of life (d ¼ 0 .59),
expectation (d ¼ 0.71), and
positive affect (d ¼ 0.80) and
there was no significant
change in other measures in
the control group.

2. The Global
Severity Index
(GSI)

2. Depression

3. PedsQL 3. Level of anxiety
4. The Positive and

Negative Affect
Schedule for
Children
(PANAS-C)

4. Quality of life

5. Herth Hope
Index (HHI)

6. The Life
Orientation
Test-Revised
(LOT-R)

9 (Gürcan and
Atay Turan,
2021)

Turkey Randomized
controlled
trial

n ¼ 30
Age: 12e17 years
mean ± SD
14.26 ± 1.79

n ¼ 30
Age: 12e17 years
mean ± SD
13.56 ± 1.67

Adolescent
patients with
cancer aged 12
e17 years who are
hospitalized
(n ¼ 60)

Mandala
drawing

routine care only Anxiety and
Depression Scale dan
Memorial Symptom
Assessment Scale

1. Levels of
anxiety and
depression

e Anxiety and depression scores
decreased significantly in the
intervention group, compared
to the control group, after
5 days of intervention,
F(1.57) ¼ 28.9, p < .01,
h2 ¼ 0.337. Similarly,
psychological symptom scores
decreased significantly in the
intervention group, compared
to the control group,
F(1.57) ¼ 69.7, p < .001,
h2 ¼ 0.550).

2. Psychological
symptoms

10 (Cheng and
Tan, 2021)

Singapore Randomized
controlled
trial

n ¼ 25
Age: 10e18 years
mean ± SD
13.9 ± 2.4

n ¼ 25
Age: 10e18 years
mean ± SD
13.4 ± 2.6

Pediatric patients
with cancer aged
10e18 who are
undergoing
chemotherapy
(n ¼ 50).

The home-based
multimodal
symptom-
management
program

usual care Memorial Symptom
Assessment Scale 10
e18 and the State
Anxiety Scale for
Children.

1. Symptoms e Between-group comparisons
showed that the intervention
group had significantly
reduced fatigue over time
(P < .05). However, no
differences were found with
respect to nausea and
vomiting, pain, mucositis, and
anxiety between groups. Both
children and parents reported
positive experiences with
symptom management
programs.

2. Anxiety

11 (Çelebio�glu
et al., 2015)

Turkey Quasy
experimental

n ¼ 12
Age: 4e15 years
mean ± SD
7.66 ± 3.86

n ¼ 13
mean ± SD
8.00 ± 3.31

Pediatric patients
aged 4e15 years
in children with
cancer (n ¼ 25)

massage therapy standard
treatment
(without massage
therapy)

Analog visual scale Pain and anxiety
levels

e When the pain and anxiety
levels of the pre-test and post-
test groups were compared, no
statistically significant
difference was found (P > .05).
It was determined that the pain
and anxiety levels in the
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experimental group decreased
significantly. This study
provides preliminary evidence
for the effectiveness of
massage in children in
reducing pain and anxiety
arising from intrathecal
therapy or bone marrow
aspiration.

12 (Lam et al.,
2018)

China Randomized
controlled
trial

n ¼ 37
Age: 9e18 years
mean ± SD
12.8 ± 2.5

n ¼ 33
Age: 9e18 years
mean ± SD
12.5 ± 2.5

Pediatric patients
with cancer aged 9
e18 years (n ¼ 70)

Integrated
experiential
training program
with coaching

placebo
interventions

1. The Chinese
version of the
Fatigue Scale
(Cancer-related
fatigue)

1. Fatigue level e The experimental group
reported significantly lower
levels of cancer-related fatigue,
higher levels of physical
activity and physical activity
self-efficacy, greater right and
left grip strength, and better
quality of life than the control
group at 9 months.

2. The Chinese
University of
Hong Kong
Physical Activity
Rating for
Children and
Youth

2. Physical
activity

3. Paediatric
Quality of Life
Inventory cancer
module v. 3.0
(Quality of life)

3. Quality of life

13 (Jacobs et al.,
2016)

Washington
DC

Randomized
controlled
trial

n ¼ 18
Age: 12e21 years
mean ± SD
15.5 ± 2.6

n ¼ 16
Age: 12e21 years
mean ± SD
16.0 ± 2.5

Adolescent
patients aged 12
e21 with cancer
who are
hospitalized for at
least 4 consecutive
days.

Massage therapy waitlist control
(without
massage)

1. Sleep was
measured with
actigraphy

1. Sleep quality e The results showed that there
was no significant change in
anxiety, mood or fatigue from
pre to post intervention.
However, there was a trend
toward increased night time
and overall sleep in the
intervention group compared
to standard care, but no
between-group differences on
patient-reported outcome
measures (2.3, P ¼ .049).

2. Fatigue Scale
Adolescent

2. Fatigue level

3. The State Trait
Anxiety Scale,
State Portion

3. Level of anxiety

4. Behavioral,
Affective and
Somatic
Experiences
Scale Revised,
Parent-Report
and Child-
Report (BASES)

4. Moods

14 (Li et al., 2018) Hongkong Randomized
controlled
trial

n ¼ 117
Age: 9e16 years
mean ± SD
12.8 ± 1.9

n ¼ 105
Age: 9e16 years
mean ± SD
12.5 ± 2.6

Pediatric patients
with cancer aged 9
e16 years
(n ¼ 222)

Adventure-based
training

placebo
interventions

Fatigue ScaleeChild
(FSeC)

fatigue level e The experimental group
showed statistically
significantly lower levels of
cancererelated fatigue
(P < .001), higher levels of self-
efficacy (P < .001) and physical
activity (P < .001), and better
quality of life (P < .01) than the
control group at 12 months.

15 (Zhang et al.,
2019)

China Randomized
controlled
trial

53 cases were from
the children aged
from 8 to 12 years old
and 46 cases from 13
to 18 years old.
mean ± SD
Not mentioned

53 cases were from
the children aged
from 8 to 12 years
old and 46 cases
from 13 to 18 years
old.
mean ± SD
Not mentioned

Pediatric cancer
patients receiving
chemotherapy
aged 8e18 years
(n ¼ 106)

Cognitive
behavioral
therapy

routine
psychological
care

The Conner
eDavidson Resilience
Scale (CD-RISC) and
depression anxiety
stress scale (DASS)

Resilience, stress
and anxiety levels

e Before the intervention, there
was no significant difference in
the psychological adjustment
abilities between the 2 groups
(P > 0.05 for all). After the
intervention, the total CD-RISC
score was significantly higher
(56.09 ± 7.29 vs 44.75 ± 5.40),

(continued on next page)
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Table 3 (continued )

No Author,
year

Country Design Sample Size (N)
Age

Mean ± SD/Median (Mean-Max)

Participant and
setting

Type of intervention Instrument Outcome Result

Intervention group
age

Control group
age

Intervention
group

Control
group

Psychological and
physiological
responses

Psychoneuro
immunological

markers

while the depression score
(4.57 ± 2.94 vs 7.25 ± 4.25),
anxiety (5.83 ± 3.07 vs
8.66 ± 4.92), stress (7.51 ± 4.33
vs 11.17 ± 4.25) were clearly
lower in the CBT group than in
the control group (P < 0.05 for
all). Additionally, the reduction
in negative mood scores in
children with a yolk sac tumor
was most pronounced in the
CBT group.

16 (Chacin-
Fern�andez
et al., 2019)

UK Non-
randomized,
open-label
clinical trial

n ¼ 16
Age: 5e15 years
mean ± SD
10.1 ± 0.9

n ¼ 10
Age: 5e15 years
mean ± SD
9.8 ± 1.2

Pediatric patients
with leukemia
undergoing
chemotherapy
(n ¼ 26)

Psychoneuro
immunology-
based
psychological
interventions.

psychoeducation
in relation to
their treatment
and disease,

1. Immunological
evaluation using
flow cytometry
and immunotur
bidimetry

1. Duration of
signs and
symptoms
(Fever and
Pain)

Immune
markers

Psychoneuro
immunology-based
interventions improve
immune markers (CD8þ T, B,
and natural killer cells, serum
immuno
globulin A, and immuno
globulin M) and quality of life,
while shortening the duration
of fever and the use of
antipyretics, antibiotics,
analgesics, and respiratory
therapy. Immunity markers
correlate with clinical
conditions. Thus,
psychoneuroimmunology-
based interventions can reduce
hospital costs and improve
patient well-being

- Natural
killers (NK)

- B
lymphocytes

- CD4þ T
lymphocytes

- CD8þ T
lymphocytes

- IgM IgA
antibodies

2. Quality of Life
was assessed
using the QoL
Questionnaire in
Pediatric
Oncology.

2. Duration of
administration
of pain
therapy,
antibiotics and
antipyretics

- IgA
antibodies

17 (Altay et al.,
2017)

Turkey Quasi-
experimental
design

n ¼ 30
Age: 9e16 years
mean ± SD
2.56 ± 267

Without control
group

Pediatric patients
with cancer who
are undergoing
treatment aged 9
e16 years (n ¼ 30)

Drawing and
writing
technique

no control group The State Anxiety
Inventory

anxiety level e A lower State Anxiety
Inventory score indicates
lower anxiety after the
intervention (36.86 ± 4.12
compared to before
(40.46 ± 4.51) (p < .05).

18 (Patil et al.,
2021)

Quasi-
experimental
design

n ¼ 15
Age: 7e12 years
Not mentioned
mean ± SD

n ¼ 15
Age: 7e12 years
Not mentioned
mean ± SD

Pediatric patients
with cancer aged 7
e12 years (n ¼ 30)

art therapy
(drawing,
painting and
ceramic art)

routine therapy Perceived stress scale
dan Hamilton anxiety
rating scale (HAM-A)

Stress and anxiety e The effect of art therapy in the
experimental group showed a
significant difference in mean
post-test stress and anxiety
scores (p ¼ .00069 and
p ¼ 0.000642) compared to
controls. Comparison of
anxiety scores with all types of
cancer showed a significance of
p ¼ .010 in the experimental
group compared to the
controls in the post-test
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19 (Liu et al.,
2019)

China Randomized
controlled
trial

n ¼ 46
Age: 10e21 years
mean ± SD
15.9 ± 5.2

n ¼ 45
Age: 10e21 years
mean ± SD
16.2 ± 4.9

Pediatric patients
with
osteosarcoma
aged 10e21 years
(n ¼ 91)

Mindfulness-
based stress
reduction

routine therapy
(no psychological
intervention)

1. Wong-Baker
Faces Pain
Rating Scale
(WBRS)

1. Pain level e There were no significant
differences in
sociodemographic and clinical
parameters between the
intervention and control
groups. The intervention
program significantly
alleviated the psychological
and physiological
complications in patients with
osteosarcoma. Specifically, this
study revealed that 8 weeks of
the combined MBSR/MT
intervention effectively
reduced pain and anxiety
scores and improved sleep
quality in patients.

2. The Hamilton
Anxiety Rating
Scale (HAM-A)

2. Anxiety level

3. The Pittsburgh
Sleep Quality
Index (PSQI)

3. Sleep
quality

20 (Tsai et al.,
2013)

Taiwan Quasi-
experimental
design

9 patients aged 3
e12 years
(median ¼ 8.12 years)

10 patients aged 3
e14 years
(median ¼ 8.9 years)

Brain tumor
patients, aged 3
e15 years (n ¼ 19)

Therapeutic play general medical
procedures

The Beck Youth
Anxiety Inventory dan
Faces Anxiety Scale

1. Anxiety level Salivary cortisol
concentration

The study group had
significantly lower anxiety, HR
and cortisol scores and
expressed fewer negative
emotions than the control
group before External beam
radiotherapy (EBRT).

2. Heart rate

21 (Silva and Os�o
Rio, 2018)

Italy Quasi-
experimental
design

n ¼ 24
Age: 6e12 years
mean ± SD
8.58 ± 1.98

none Pediatric patients
with a diagnosis of
solid tumor aged 6
to 12 years
(n ¼ 24)

Animal assisted
therapy

no control group 1. Child Stress
Symptoms
Inventory

1. Stress - This study reported reductions
in pain (p ¼ .046, d ¼ �0.894),
irritation (p ¼ 0.041,
d ¼ �0.917), stress (p ¼ .005;
d ¼ �1.404) and a trend
toward improvement in
depressive symptoms
(p ¼ .069; d ¼ �0.801).

2. Quality of Life
Evaluation Scale

2. Pain

3. Child Depression
Inventory

3. Mood

4. Adapted Brunel
Mood Scale:
Faces Pain Scale

4. Anxiety,
depression

5. AAT Assessment
Questionnaire

5. Quality of life
6. Heart rate, and

blood pressure.

Note: AAT: Animal Assisted Therapy; ALL: Acute Lymphoblastic Leukemia; AML: Acute Myeloid Leukemia; BAADS: behavioral Approach-Avoidance Scale; BASES: behavioral, Affective And Somatic Experiences Scale; BMP: Bone
Marrow Puncture; BMA: Bone Marrow Aspiration; CD4þ: Cluster Of Differentiation 4; CFS: Children's Fear Scale; CBT: Cognitive behavioral Therapy; EBRT: External Beam Radiotherapy; DASS: Depression Anxiety Stress Scale;
FPS-R: Faces Pain Scale-Revised; FS-C: Fatigue ScaleeChild; HR: Heart Rate; HHI: Herth Hope Index; IgM: Immunoglobulin M; IgA: Immunoglobulin A; LP: Lumbar Puncture; MBSR/MT: Mindfulness-Based Stress Reduction; MT:
Massage Therapy; NK: Natural Killers; OSBD-R: Observational Scale Of behavioral Distress; PedsQL: Pediatrics Quality Of Life; QoL: Quality Of Life; SD: Standard Deviation; BSI: The Brief Symptom Inventory-18; GSI: Global
Severity Index; PANAS-C: The Positive And Negative Affect Schedule For Children; LOT-R: The Life Orientation Test-Revised; HAM-A: The Hamilton Anxiety Rating Scale; PSQI: The Pittsburgh Sleep Quality Index; CD-RISC: The
Conner-Davidson Resilience Scale; VR: Virtual Reality; WBRS: Wong-Baker Faces Pain Rating Scale.
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the stress response through psychoneuroimmunological markers
(psychological responses, neuroendocrine and immune markers)
(Box E).

3. Psychological interventions

Psychological interventions (Box F) are designed to modulate
the stress response and promote health behaviors by teaching in-
dividuals more adaptive methods of dealing with perceived stress.
Psychosocial interventions are useful for treating stress-related
disorders and can influence the course of chronic disease [58].
Based on the results of this review, we identified 18 types of psy-
chological interventions used to manage psychoneuroimmuno-
logical markers in children with chronic illness, including
MEDiPORT cognitive-behavioral arm, animal-assisted therapy, vir-
tual reality, music therapy, massage therapy, clown intervention,
make-a-wish intervention, mandala drawing, cognitive behavioral
therapy, deep breathing, pet therapy, hypnosis, touching,
relaxation-guided imagery, humor therapy, interactive therapeutic
play education program, play therapy, and sleep hygiene.

4. Neuroendocrine and immune mechanisms

Neuroendocrine and immune system mechanisms in the bio-
psychosocial model suggest integration from the field of psycho-
neuroimmunology (PNI). Box F shows the bidirectional
communication of PNI, which is the mechanism that occurs in a
two-way interaction between the neuroendocrine and immune
axes that mediates the relationship between biobehavioral factors
(Box AeD). PNI is divided into four domains: psychology, physi-
ology, neuroendocrinology, and immunology. The indicators for all
domains are compiled based on the results of this systematic re-
view. Based on the results of our systematic review, the psycho-
logical system domain is assessed through several indicators such
as anxiety, fear, stress/distress, mood, sleep disorder, resilience,
fatigue, and depression. The physiology domain is evaluated
through indicators such as blood pressure, heart rate, fever, and
pain. The authors found no studies in this systematic review that
assessed the neurological system through neurological markers
such as dopamine, epinephrine, norepinephrine, b-endorphins, or
other markers. Meanwhile, in the endocrine system domain, the
indicators assessed were cortisol, and the immune system in-
dicators assessed included: Natural killers (NK), B lymphocytes,
CD4þ T lymphocytes, CD8þ T lymphocytes, IgM IgA antibodies, IgA
antibodies, and a-amylase).

Table 3 provides a brief description of the new integrative
model.

Discussion

Effectiveness of psychological interventions on the psychological and
physiological responses in children with cancer

The utilization of psychological interventions in the manage-
ment of mental health among pediatric oncology patients holds
promise for enhancing both psychological and physical health
outcomes. A total of nine studies were conducted to evaluate the
efficacy of various interventions, including animal-assisted inter-
vention, cognitive behavioral therapy, virtual reality, massage
therapy, mandala drawing, the home-based multimodal symptom-
management program, and mindfulness-based stress reduction, in
terms of their impact on psychological and physical responses
[37e45]. Three out of nine studies indicated that psychological
interventions did not yield statistically significant outcomes in
terms of the psychological and physiological responses observed in

children diagnosed with cancer. The statistical analysis conducted
in a study indicates that there is no significant evidence to support
the effectiveness of massage therapy in managing the physiological
and psychological responses of children diagnosed with cancer
[43]. Moreover, the utilization of the MEDiPORT humanoid robot
for the purpose of mitigating procedural pain and distress in pe-
diatric cancer patients yielded comparable outcomes in both the
control and intervention groups [37]. The study found that the
home-based multimodal symptom-management program was
effective in reducing fatigue among participants. However, there
was no significant difference observed between groups in terms of
reducing nausea and vomiting, pain, mucositis, and anxiety [42].

Out of the nine studies examined, six of them indicated that
various psychological interventions, including animal-assisted
intervention, cognitive behavioral therapy (CBT), virtual reality,
mandala drawing, and mindfulness-based stress reduction (MBSR),
have been found to be effective in managing the psychological and
physiological responses experienced by children diagnosed with
cancer. This aligns with a prior systematic review conducted in the
United Kingdom in 2017. The review indicated that a total of nine
studies demonstrated statistically significant enhancements in
psychological outcomes. The aforementioned findings suggest that
psychological interventions have demonstrated efficacy in dimin-
ishing anxiety, physical symptoms, depressive symptoms, and
enhancing overall quality of life [59].

Several other studies have documented the efficacy of psycho-
logical interventions, particularly those that employ more targeted
and specific approaches. Animal-assisted therapy has been suc-
cessfully utilized across different age groups and for various disease
diagnoses. For instance, it has been employed in the context of
pediatric surgery for children [60]; as well as for children diagnosed
with Post-Traumatic Stress Disorder (PTSD) [61]; and those
receiving treatment in acute care pediatric settings [62]. Contrary
to the aforementioned viewpoint, Feng et al. [63] conducted a
systematic review that found no significant impact of animal-
assisted therapy on anxiety, depression, stress, and heart rate
among hosptialized children and adolescents. In the field of psy-
chology, CBT has emerged as a prevalent intervention technique.
This approach has been modified to cater to various age groups,
including children, adolescents, adults, couples, and families. The
cognitive aspect of CBT focuses on mitigating exaggerated and
negative thoughts related to pain, while the behavioral component
involves implementing relaxation techniques and activating coping
behaviors [64,65] Psychological intervention has been found to
have an impact on brain mechanisms, leading to a decrease in both
pain and anxiety experienced by individuals. According to existing
scholarly works, various aspects of successful psychological inter-
vention may be corroborated by alterations in neural circuitry.
These alterations are typically characterized by decreased activa-
tion and/or diminished hyperconnectivity in brain regions associ-
ated with pain processing, emotion, and cognitive control [64].

According to the review, a total of eight studies exclusively
evaluate the efficacy of psychological interventions in managing
the psychological reactions exhibited by children diagnosed with
cancer [46e52,66]. Seven out of the eight studies presented in this
analysis have indicated that psychological interventions possess
considerable potential in effectively managing psychological re-
sponses among children. Additional empirical evidence has also
documented the positive impact of psychological interventions on
the psychological responses of childrenwith various conditions. For
instance, studies have shown the effectiveness of music therapy in
children undergoing surgery and those with asthma [67,68]; virtual
reality (VR) therapy in children with sickle cell disease and those
undergoing surgery [69,70]; pet therapy for children undergoing
hospitalization [71]; hypnosis in children with cancer, in children
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with burns, and children with Crohn's disease [72e76]; parental
touch followed by music therapy in critically ill children [77];
relaxation-guided imagery in children undergoing surgery [78];
humor therapy in children with atopic dermatitis [79]; interactive
therapeutic play education program for children undergoing sur-
gery [80]; and play therapy in children undergoing elective surgery
and in children undergoing liver transplantation [81e84]. Certain
studies have the potential to be grounded in empirical evidence, as
they demonstrate that psychological interventions have a notable
impact on the management of psychological reactions, thereby
enhancing the overall quality of child healthcare [46]. The imple-
mentation of psychological interventions presents cancer patients
with a comprehensive approach to healthcare, potentially safe-
guarding the overall physical and psychological welfare of in-
dividuals diagnosed with cancer [85].

According to a study conducted on children with cancer,
approximately one out of every eight studies revealed no statisti-
cally significant alterations in anxiety, mood, or fatigue levels
following the implementation of psychological intervention
through massage therapy [49]. Nevertheless, this finding contra-
dicts the conclusions drawn from previous systematic reviews,
which demonstrated the efficacy of massage therapy in effectively
mitigating stress levels among children receiving palliative care in
hospital settings [86,87]. Massage therapy has been found to have
beneficial effects on various pediatric conditions. The aforemen-
tioned factors encompass a range of issues affecting preterm infant
growth, psychological well-being, gastrointestinal functioning,
painful conditions such as burns and sickle cell disease, muscle tone
disorders like cerebral palsy and Down syndrome, as well as
chronic illnesses including diabetes, asthma, cancer, and HIV [88].

Effectiveness of psychological interventions on the psycho-physio-
neuroimmunological markers in children with cancer

The current body of research examining the efficacy of psy-
chological interventions on psycho-physio-neuroimmunological
markers in pediatric populations, particularly those diagnosed
with cancer, remains relatively scarce. Based on the findings of this
comprehensive systematic review, it was determined that a mere
four out of the total of 21 studies examined in this analysis focused
on the evaluation of psycho-physio-neuroimmunological markers.
In this investigation, the efficacy of psychological interventions on
neuroimmunological markers was examined in one study [53].
Additionally, another study focused on psychoneuroimmunological
markers [54], while a separate study explored physio-
neuroimmunological markers [24]. Furthermore, a study was con-
ducted to investigate the impact of psychological, physiological,
and neuroimmunological factors on markers [55].

A single study was identified that exclusively evaluated the
neuroimmunological response. According to the study, music
therapy has a statistically significant impact on neuro-
immunological markers, specifically salivary cortisol levels. This
study elucidated the clinical impact of music therapy on the
reduction of cortisol levels [53]. This finding aligns with the find-
ings of Finn & Fancourt [89] who conducted a review and observed
that 13 out of the 33 biomarkers tested exhibited changes following
exposure tomusic. One of the biomarkers that has been extensively
examined is cortisol, a stress hormone. Approximately half of the
clinical studies conducted have indicated that listening to music
has a stress-reducing impact. Several other biomarkers that have
been examined are also components of biological stress pathways,
suggesting that the primary mechanism bywhichmusic impacts us
biologically is through the modulation of the stress response.

The previous literature has provided a description of the
mechanism by which music therapy regulates cortisol levels. The

auditory perception of music elicits neural responses in the hypo-
thalamus, subsequently triggering the release of endorphins
through the activation of the pituitary gland [56,90]. Endorphins,
which are endogenous opiates similar to morphine, serve as the
body's innate analgesics and possess the ability to mitigate the
impact of stressful conditions by modulating cortisol levels [56,90].
According to previous studies, psychological interventions,
including animal-assisted activities, have not shown statistically
significant effects on salivary cortisol levels and C-reactive protein
(CRP) in childrenwho are hosptialized [91]. An additional discovery
pertains to the impact of psychological interventions on the levels
of noradrenaline and cortisol, while the levels of adrenaline remain
unaffected. The intervention had a discernible impact on adrena-
line levels exclusively within a time frame of 6-8 days following
surgery in patients undergoing Coronary Artery Bypass Graft
(CABG) procedures [92].

Three studies were identified that aimed to evaluate the neu-
roimmunological markers as well as the physical and psychological
responses in pediatric patients diagnosed with cancer. The afore-
mentioned studies have documented that various psychological
interventions, such as clown intervention, therapeutic play, and
psychoeducational intervention, yielded favorable outcomes in
terms of physical, psychological, and neuroimmunological in-
dicators in pediatric cancer patients. These indicators include
cortisol levels, a-amylase levels, CD8þ T cells, B cells, natural killer
(NK) cells, serum immunoglobulin A (IgA), and immunoglobulin M
(IgM) [24,54,55]. The implementation of clown intervention has
demonstrated efficacy in the management of psycho-physio-
neuroimmunological markers among pediatric cancer patients.
Nevertheless, the findings of this review exhibit notable disparities
when compared to previous research. According to a previous
conducted by Ding et al., it was found that clown intervention has a
positive impact on distress levels, duration of crying following a
medical procedure, and length of hospital stay. Nevertheless, the
study findings did not reveal any statistically significant disparity in
cortisol levels [93,94]. In contrast, there has been limited research
conducted on the efficacy of therapeutic play. No comparable
studies evaluating the efficacy of therapeutic play on psycho-
physio-neuroimmunological markers were identified by re-
searchers. Nevertheless, according to William et al. [95] it was
found that children who underwent therapeutic play intervention
exhibited reduced levels of state anxiety scores during both the
pre-operative and post-operative periods. In addition, psycho-
education interventions have been implemented in patients un-
dergoing multidrug therapy (MDT) treatment. The research
findings indicated that psychoeducation was successful in
enhancing spiritual response, perception, stigma, and anxiety,
while also reducing cortisol levels [95].

Various psychological interventions have been documented for
the management of psycho-physio-neuroimmunological markers.
The study conducted by Chang et al. examines the efficacy of psy-
chological interventions, specifically the Laughing Qigong program
(LQP), in adolescent patients who are undergoing hospitalization.
LQP is an integrative approach that combines the practices of
qigong and laughter techniques, emphasizing the interplay be-
tween the mind and body. This study examined both neuro-
immunological responses, specifically cortisol levels, as well as
their impact on physical responses, including heart rate and heart
rate variability, and psychological responses, such as mood states,
self-esteem, self-efficacy, and depression [96]. In 2021, a study
conducted in Peru yielded similar findings, indicating the positive
impact of providing augmented reality books on the management
of psychological and neuroimmunological responses. The evalua-
tion of emotional stress and neuroimmunological markers in hos-
ptialized children involved the utilization of the Weisz visual
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analogue scale to assess psychological responses, alongside the
measurement of cortisol levels. This study was unable to provide
evidence supporting the hypothesis that reading augmented reality
books resulted in a greater reduction of salivary cortisol levels
compared to reading a standard book among children who were
hosptialized. In addition, it has been found that augmented reality
(AR) books have a positive impact on reducing emotional stress, as
measured by the Weisz visual analogue scale [97].

Additional psychological interventions encompass the utiliza-
tion of storytelling, which has been observed to exert an influence
on both physiological responses and neuroimmunological markers.
Specifically, this intervention has been found to elevate oxytocin
levels while concurrently reducing cortisol and pain levels in chil-
dren undergoing treatment in intensive care units (ICU) [98]. In the
realm of psychological interventions, it has been observed that
mindfulness-based stress reduction (MBSR) techniques have
proven to be advantageous, resulting in notable enhancements in
both psychological and biological aspects, including endocrine and
immunological markers [99,100]. The existing body of literature
pertaining to the neural underpinnings of psychological in-
terventions in cancer patients is currently insufficient, necessi-
tating additional investigation. A study conducted in the
Netherlands in 2022 elucidates the mechanisms underlying psy-
chological intervention in the regulation of psychoneuroimmuno-
logical responses. According to the study, psychological
interventions administered to individuals with cancer have the
potential to influence cortical and subcortical brain activity. These
changes align with the brain regions associated with distress re-
sponses [85].

A new integrative model

Within the specific context of individuals diagnosed with can-
cer, the prevalence rate of psychological distress is observed to be
four times greater compared to the general population. This
heightened prevalence of psychological distress is frequently
associated with inferior outcomes. Furthermore, a number of
cellular and molecular studies have provided evidence supporting
the intricate signaling networks influenced by chronic stress-
induced psychological distress in the context of cancer develop-
ment [101]. The experience of receiving a diagnosis, the effects of
the disease, and the treatment process can elicit distress among
individuals diagnosed with cancer [57]. The correlation between
the specific cancer diagnosis of patients and the levels of physical
distress, emotional distress, and depressive symptoms has been
found to be statistically significant [102]. Furthermore, it should be
noted that the administration of the treatment may lead to an
exacerbation of the symptoms associated with heightened distress,
as indicated by previous research [5]. Cancer survivors are at the
greatest risk of developing endocrine disorders over time when
they undergo cancer treatments involving radiation in major
endocrine organs, including the hypothalamus, pituitary, thyroid,
and gonads [13]. The immune system of an individual can be
impacted by disorders within the endocrine system [18,56].

In addition to the diagnostic process, the presence of illness, or
the administration of treatment, which are known stressors for
pediatric cancer patients, a study conducted in Ohio, United States,
elucidates that children with cancer experience stress in various
domains. These domains include (a) disruptions in daily func-
tioning and roles, such as missing school or falling behind in aca-
demic work, being unable to engage in previously enjoyed
activities, frequent visits to hospitals or clinics, and concerns about
the well-being of family and friends; (b) physical manifestations
resulting from treatment, such as feelings of sickness or nausea,
anxieties regarding changes in appearance, and discomfort or pain

arising frommedical procedures; and (c) uncertainties surrounding
the nature of cancer, including difficulties comprehending medical
explanations, confusion regarding the concept of cancer, and ap-
prehensions about future outcomes [103].

The regulation of the neuroendocrine and immune systems can
be influenced by a range of stressors, leading to potential impacts
on the health outcomes of children. The impact of stress on im-
mune function is exacerbated, while on the other hand, psycho-
logical interventions have the potential to regulate neuroendocrine
activity and improve immune system functioning. However, there
is limited knowledge regarding the extent to which children with
cancer can achieve immunological recovery. The intricate nature of
stress-induced factors in pediatric cancer patients and the limited
amount of scholarly research examining potential mediating
mechanisms, such as the impact of stress and psychological in-
terventions on the immune system. Therefore, future research can
employ this novel integrative model framework to manipulate the
variables of psychological interventions, thereby facilitating the
examination of direct effects on the immune response. The inves-
tigation of interventions that are most well-received by pediatric
cancer patients is a fundamental aspect of immune effect preser-
vation, thus necessitating additional scholarly inquiry in this
domain.

There exist certain limitations to this review. Due to the di-
versity observed in the psychological interventions employed, the
age range of the children included, the study design implemented,
and the instruments utilized for outcome assessment, the feasi-
bility of conducting a meta-analysis was precluded. Moreover,
while the utilization of the JBI for evaluating bias in this review is
comprehensive and adheres to explicit criteria, the individual
assessment of studies by each author remains subjective. In order
to enhance the comprehensiveness and validity of future research,
it is recommended that subsequent investigations incorporate
post-intervention evaluations to elucidate the enduring ramifica-
tions of the intervention. Additionally, it is crucial to account for the
homogeneity of various indicators, including but not limited to
gender, type of psychological intervention, type of cancer treat-
ment, stage of cancer, type of instrument employed, methodolog-
ically appropriate sample size, and objective tools to assess bias. By
considering these factors, researchers can obtain results that are
more robust and reliable. Further research is required to compre-
hensively evaluate the effectiveness of psychological interventions
in terms of their impact on neurobiological processes and clinical
outcomes. The examination of the associations between observed
neurobiological alterations and clinical outcomes is crucial in order
to comprehend the potential neural activity changes that may be
responsible for the clinical impact of an intervention [85]. The lack
of clarity surrounding the terminology used in psychological in-
terventions poses a potential limitation in this review, as it may
hinder the identification of additional pertinent studies. When
conducting further research, it is imperative to carefully select
keywords that are more specific in order to avoid overlooking
relevant studies.

Despite the presence of certain limitations, this review pos-
sesses several notable strengths. First, it stands as one of the pio-
neering evidence-based interventions that evaluates the efficacy of
psychological interventions on psychoneuroimmunological
markers in pediatric cancer patients. Second, it introduces a novel
integrative model that can aid healthcare professionals in making
informed clinical decisions. This model offers a comprehensive and
holistic depiction of the various factors that impact stressful con-
ditions in children with cancer. Furthermore, it provides insights
into the mechanisms through which psychological interventions
influence physical, psychological, and neuroimmunological
markers in this population. It is imperative for future researchers to
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thoroughly investigate the various integrative models, encom-
passing psychosocial factors, biological factors, health behaviors,
neuroendocrine and immune system mechanisms, and disease
outcomes. This examination should be conducted using a longitu-
dinal design to comprehensively address the intricate interplay
among these components and to gain a comprehensive under-
standing of their significance in relation to health outcomes. Psy-
chological intervention is a viable evidence-based treatment option
that can be employed by healthcare professionals in the field of
nursing, particularly in the context of pediatric patients diagnosed
with cancer. This intervention encompasses educational initiatives,
counseling sessions, and training programs, all aimed at enhancing
the overall well-being of children grappling with cancer. The
findings of the study also emphasize the importance of nurses
being aware that psychological intervention is a crucial aspect of
providing comprehensive and high-quality nursing care for chil-
dren with cancer. Consequently, the outcomes of this review may
serve as valuable input for relevant stakeholders to incorporate
psychological interventions into the nursing curriculum, thereby
facilitating the enhancement of nursing students' skills during their
collegiate education.

Conclusion

This review shows that many studies have identified the effec-
tiveness of psychological interventions on psychological and
physiological responses. However, research assessing the impact of
psychological interventions on neuroimmunological markers is still
very limited. This systematic review shows that psychological in-
terventions positively impact psychoneuroimmunological markers
in childrenwith cancer. So, we recommend the use of psychological
interventions as an additional intervention in pediatric cancer. This
study offers a new integrative model demonstrating the interaction
between several factors that influence stress in children with can-
cer through neuroendocrine and immunemechanisms.Meanwhile,
this integrative model also shows how psychological interventions
canmodulate the effects of these various factors on neuroendocrine
and immune mechanisms, ultimately affecting health outcomes. In
addition, little literature evaluates possible mediation pathways,
such as the effect of psychological interventions on the neuroen-
docrine system and the immune system, so this new integrative
model framework can be utilized. Future researchers need to test
all of these new integrative models, including factors that influence
stress in children with cancer, modify psychological interventions,
and evaluate their mechanisms on the neuroendocrine and im-
mune systems. This will reveal the complex interactions among
these components and understand their relevance to health
outcomes.
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s u m m a r y

Purpose: Evidence on factors influencing the variations of music’s effect on anxiety and pain in surgical
patients is unclear. We aimed to elucidate the effects of music intervention on anxiety and pain
throughstudy characteristics.
Methods: We conducted a search on the PubMed, CINAHL, Embase, Cochrane, and Web of Science da-
tabases from March 7 to April 21, 2022, for randomized controlled trials (RCTs) for the effect of music
intervention on anxiety, pain, and physiological responses in surgical patients. We included studies
published within the last 10 years. We assessed the risk of bias in the study using the Cochrane risk of
bias tool for randomized trials and performed meta-analyses using a random-effects model for all out-
comes. We used change-from-baseline scores as summary statistics and computed bias-corrected
standardized mean differences (Hedges'g) for anxiety and pain outcomes and mean differences (MD)
for blood pressure and heart rate.
Results: Of the 454 records retrieved, 30 RCTs involving 2280 participants were found to be eligible.
Music intervention was found to be superior to standard care in reducing anxiety (Hedges' g ¼ �1.48,
95% confidence interval: �1.97 to �0.98), pain (Hedges's g ¼ �0.67, �1.11 to �0.23), systolic blood
pressure (MD ¼ �4.62, �7.38 to �1.86), and heart rate (MD ¼ �3.37, �6.65 to �0.10) in surgical patients.
The impact of music on anxiety and pain relief varied significantly depending on the duration of the
intervention. The largest effect was observed in interventions lasting between 30 and 60 minutes, with a
decrease in anxiety and pain.
Conclusions: Music intervention is an effective way to reduce anxiety, pain, and physiological responses
in surgical patients. Future reviews examining the influence of different types of surgery on the effects of
music would add to the body of knowledge in this field. This study has been registered on the Inter-
national Prospective Register of Systematic Reviews (PROSPERO) under the number CRD42022340203,
with a registration date of July 4, 2022.
© 2023 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Surgical patients often experience perioperative anxiety and
moderate to severe postoperative pain, despite pharmacological
measures to reduce these symptoms [1]. Current perioperative in-
terventions primarily rely on pharmacological approaches, such as
anesthetic and analgesic medications, which can have adverse ef-
fects [2]. Therefore, non-pharmacological interventions that can
complement pharmacological measures are crucial for reducing
psychophysiological stress and opioid use [3]. Music intervention
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has been proposed as a non-pharmacological approach to alleviate
perioperative anxiety and pain, as benzodiazepines and opioids, the
common pharmacological interventions, have common adverse
effects [4].

Music intervention is a non-pharmacological measure that has
no known adverse effects and is a relatively inexpensive and easily
applicable intervention [1]. Many trials have suggested statistically
significant beneficial effects of perioperative music intervention on
anxiety [5e12], pain [13e18], and physiological parameters
[19e22]. Perioperative music intervention has been recognized as
beneficial for reducing the consumption of intraoperative sedatives
and postoperative opioids in a variety of surgical populations [1].

Most systematic reviews on music intervention for periopera-
tive anxiety and pain have focused on specific surgical populations
and reported positive effects [1,23,24]. Most reviews of music in-
terventions for perioperative anxiety and pain have primarily relied
on self-reported measures, with little evidence available on phys-
iological responses. Furthermore, while the evidence on anxiety
and pain has shown significantly large effects, there has also been
substantial heterogeneity in those effects.

The evidence from the onlymeta-analysis onmusic intervention
in mixed surgical populations is outdated and reports moderating
variables that potentially influence the effect of music intervention,
including the timing of intervention, type of anesthesia, and type of
music intervention [4]. However, the effects of other moderating
factors that potentially influence the heterogeneity of music
intervention effects still require further investigation.

The purpose of this review is twofold. First, we aim to investi-
gate the effects of music intervention on operative anxiety, pain,
and physiological responses in patients undergoing surgery. Sec-
ond, we aim to identify the effects of possible influencing variables
on the heterogeneity of intervention effects, specifically partici-
pants and intervention characteristics.

Methods

Research design

This research employs a systematic review and meta-analysis to
evaluate the effects of music intervention on operative anxiety and
pain in surgical patients. This review adheres to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statementereporting guidelines relevant to this
research design [25].

Eligibility criteria

We specified eligibility criteria based on the PICOS framework
(population, intervention, comparator, outcome, and study design)
for study characteristics as follows: Population: We included adult
patients (age �18 years) undergoing any surgical procedures,
excluding invasive or non-invasive diagnostic procedures. Inter-
vention: Perioperative music interventions, regardless of genre,
duration, frequency, or timing of delivery, were included.
Comparator: We excluded any other comparator interventions
purporting to reduce operative anxiety and/or pain and included
operative care without any music intervention, such as standard
care, routine care, usual care, or placebo. Outcomes: The primary
outcomes were operative anxiety and pain, which were measured
by standardized or validated instruments. The secondary outcomes
were physiological parameters of anxiety and pain, such as systolic
blood pressure (SBP), diastolic blood pressure (DBP), and heart rate
(HR). Studies were excluded if the outcomes were not measured or
reported as inappropriate data to calculate our preplanned effects
measures, such as mean difference (MD) or standardized mean

difference (SMD). Study design: We included randomized
controlled trials (RCTs) that examined the efficacy of music inter-
vention on operative anxiety, pain, or vital signs in surgical
patients.

We also specified eligibility criteria with regard to reporting
characteristics. As the recent systematic review and meta-analysis
on this topic [4] screened publications between 1980 and 2016,
we restricted studies to those published in the last 10 years (from
January 2012 to March 2022) to ensure updated evidence and
minimize duplication. We limited studies to those published in
English and on humans.

Information sources and search strategy

We systematically searched for eligible articles in the title, ab-
stract, and keyword search fields in the following databases:
PubMed/Medline, Cochrane Central Register of Controlled Trials,
CINAHL, Embase, and Web of Science from March 7 to April 21,
2022.

We developed a search strategy based on the PICO framework.
We first determined the keywords, including music intervention,
anxiety, pain, and surgery. We then identified search terms
focusing on these keywords using synonyms, derivatives, and
MeSH thesaurus terms. This was done by reviewing references on
this topic. The search strategy was reviewed and pilot-searched in
the pre-planned databases by the review authors. The strategy was
then finalized through discussion and agreement among the
reviewers.

We searched for the following search terms and derivatives of
these terms, including MeSH thesaurus terms (surgery or operative
or operation or operate* orsurgical oroperative intervention orin-
vasive procedure* oroperative procedure* oroperation* or peri-
operative procedure* or intraoperative procedure* or perioperative
procedure* or preoperative procedure*) and (music intervention or
acoustic stimulation or intervention, Music or music) and (anxiety
or angst or hypervigilance or nervousness or anxiousness or stress
or physiological response or pain or vital sign* or blood pressure*).
We applied additional filters to the search strategy as follows:
randomized controlled trial, published in the last 10 years, and
written in English. The approach to study identification in this
systematic review is transparently reported in the Online
Supplementary Material (H).

Selection and data collection process

Four reviewers independently assessed each record retrieved
through a multiple-stage process. We first screened titles and ab-
stracts and then identified records for full-text review. Any dis-
agreements were discussed and resolved by consensus among all
reviewers.

We developed data collection forms for extracting study char-
acteristics and outcome data and pilot tested them on five
randomly selected studies. Any problems were discussed and
appropriately refined by consensus among all review authors. The
data were independently extracted by two review authors and
checked by the other two authors. Any disagreements were
resolved by discussion and consensus among all authors.

Data items

Eligible outcomes were categorized as follows: primary out-
comes: self-rated anxiety and self-rated pain; and secondary out-
comes: physiological parameters of anxiety and pain, including
systolic blood pressure, diastolic blood pressure, and heart rate. We
anticipated that individual studies would reportmultiple results for
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each outcome, such as results using multiple methods or tools to
measure the same outcome or data from multiple time points for
the same outcome. If studies reported outcome data measured by
validated or standardized tools, any measure of anxiety or painwas
eligible for inclusion. If multiple results from different time points
for the same outcome were reported, we selected the results from
the first post-intervention time point. The outcome data of the first
post-intervention time point would have a stronger intervention
effect than the subsequent data.

We collected the following data: report details: author, year, and
country; participants details: type of surgery, randomized and
analyzed sample sizes in the intervention and control groups;
intervention details: type, genre, timing (before, during, or after
surgery), session, and duration of music intervention; outcomes
details: outcome measures, instruments used, and outcome data,
i.e. means and standard deviations for baseline, post-intervention,
and change scores between baseline and post-intervention
scores; comparator details: usual, standard, routine care, or other
similar operative care; and research design details: sampling and
treatment assignment mechanisms, and length of follow-up.

Study risk of bias assessment

We assessed the risk of bias in the included studies by focusing
on the main outcomes of each study. We used the revised Cochrane
risk of bias tool for randomized trials (RoB 2) [26] to assess the risk
of bias. The RoB 2 tool comprises five domains: bias arising from the
randomization process, bias due to deviations from intended in-
terventions, bias due to missing outcome data, bias in the mea-
surement of the outcome, and bias in the selection of the reported
result.

An overall risk of biased judgment for an individual trial result
was reached by summarizing across all domains based on the
suggested rule in the RoB 2 tool. If a trial was judged to be at low
risk of bias for all domains of the main outcome(s), an overall risk of
bias was judged to be low. If a trial was judged to raise some con-
cerns in at least one domain but not be at high risk of bias in any
other domain for the result, it was judged to raise some concerns.
However, if a study was judged to be at high risk of bias in at least
one domain or to raise some concerns for multiple domains in a
way that substantially lowers confidence in the result, it was judged
to be at high risk of overall bias.

Two review authors independently assessed the risk of bias in
each study. The other two authors checked the risk of bias in each
study. Any discrepancies were resolved through discussion and
consensus among all authors.

Effect measures

Since the included studies for music intervention used different
scales to measure self-rated anxiety and pain, we used the bias-
corrected SMD effect measure, specifically Hedges' g, and 95%
confidence intervals (CIs) in pairwise meta-analyses. However,
since blood pressure and heart rate were measured on the same
scale, we estimated the MD and 95% CIs for these outcomes. We
interpreted the effect size according to the following thresholds:
Hedges' g � 0.39 as small, 0.4 to 0.79 as medium, and �0.8 as
large [27].

Synthesis method

1) Eligibility for synthesis

We categorized participants based on the type of surgery they
underwent and the duration of themusic intervention for subgroup

analysis andmeta-regression on anxiety and pain. To categorize the
participants accurately, we classified them based on the specific
surgical field. The categorization was done according to the re-
ported surgeries in the trials. The categories include: patients who
underwent spinal anesthesia, patients who underwent obstetrics
or gynecologic surgery, patients who underwent urologic surgery,
patients who underwent eye, ear, nose, or throat surgery, patients
who underwent thoracic or cardiovascular surgery, patients who
underwent breast surgery, patients who underwent general sur-
gery, patients who underwent awake craniotomy, and post-
operative patients in the intensive care unit.

We excluded studies that investigated patients undergoing
dental procedures or invasive procedures other than surgery. We
also categorized the duration of music intervention delivery in the
included trials as follows: 1. below 30minutes; 2. 30 to 60 minutes;
3. over 60 minutes continuously through the operative period; and
4. 30 minutes per day for six months.

2) Data conversion

We used the change from baseline values in summary statistics,
including the mean and standard deviation (SD) of the outcome
measurements (anxiety, pain, blood pressure, and heart rate), to
prepare the data for presentation and synthesis. If trials did not
report changes from baseline values, we calculated the change
means and SDs using the descriptions in Chapter 6 of the Cochrane
Handbook for Systematic Reviews of Interventions [28]. We ob-
tained the change mean value by subtracting the baseline from the
post-intervention value. To obtain the SDs for the mean change
values, we used the baseline and post-intervention data, as well as
the change means and SDs from a similar study that was included
in the review.

3) Tabulation and graphical methods

We compiled a table summarizing the key characteristics of
each study included in our review. This table includes the
following information: first author, year of publication, country of
origin, study design, sample sizes of intervention groups that
were randomized and analyzed, type of surgery, type of music
used, timing the of music intervention (i.e. preoperative, intra-
operative, or postoperative), comparator intervention, outcomes,
and instruments used.

To present the results of our syntheses, we used forest plots that
show summary statistics, effect estimates, and the precision of each
study, as well as the overall effect, precision, and heterogeneity
statistics. We also represented the results of our sensitivity test
using a forest plot. To display the reporting bias assessment results,
we presented a funnel plot, which shows the standard error and
SMD of each study. Finally, we presented the certainty assessment
in the Summary of Findings table, which provides information on
outcome domains, the number of follow-up participants, the cer-
tainty of the evidence, and anticipated absolute effects.

4) Statistical synthesis methods

As the effects of music intervention are assumed to be highly
variable depending on study characteristics such as surgery type,
duration, session, and timing of music intervention, as well as study
design artifacts, we used a random-effects model and the inverse
variance method for meta-analysis. To identify and quantify sta-
tistical heterogeneity, we first visually inspected the results, fol-
lowed by assessing the formal statistical test for heterogeneity. We
used the Chi-squared test and p-value to test for observed variance,
t2 for between-study variance, and I2 for the proportion of
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between-study variance out of the observed variance. We used the
restricted maximum-likelihood (REML) estimator to calculate
between-study variance (t2). If the statistical test for heterogeneity
resulted in I2 over 50% and a p-value for Chi-squared below 0.1, we
judged the effects to be substantially heterogeneous.

We conducted meta-analyses using the ‘meta’ and ‘metafor’
packages in R software version 4.0.2 [29]. Additionally, to assess the
certainty of evidence, we imported the results from Review Man-
ager 5.4 [30] into the GRADEpro program [31].

5) Methods to explore heterogeneity

We performed subgroup analysis and meta-regression to
explore possible causes of statistical heterogeneity in intervention
effects on anxiety and pain. According to the Cochrane Handbook
for Systematic Reviews of Interventions version 6.3 [32], there
should be at least ten studies available for each characteristic
modeled in a subgroup analysis or meta-regression. If a substantial
number of studies were available, we planned to conduct subgroup
analyses and meta-regressions based on the type of surgery,
duration of the music intervention, and assessment of the risk of
bias.

In the meta-analysis on anxiety, which included 24 studies, we
performed two subgroup analyses based on the type of surgery and
duration of music intervention. For pain, we analyzed 13 studies
and conducted one subgroup analysis on the duration of music
intervention. We also used meta-regression to estimate the vari-
ance in heterogeneity for the intervention effects on anxiety and
pain, respectively. We compared subgroup effects using statistical
tests for interaction for subgroup analyses.

Sensitivity Analyses

A sensitivity analysis was conducted to assess the influence of
the study with a high risk of bias on the robustness of the syn-
thesized results on anxiety. However, as there were no studies with
an overall high risk of bias, we did not perform a sensitivity analysis
for the other outcomes, including pain and vital signs.

Reporting Bias Assessment

We used funnel plots to graphically assess the risk of bias due to
missing results arising from reporting biases. If asymmetry was
identified in the funnel plot, we performed Egger's regression to
statistically test the asymmetry, provided there were at least ten
studies in the synthesis. As funnel plot asymmetry was identified,
we applied the trim-and-fill method to adjust funnel plot asym-
metry in anxiety and pain.

Two reviewers (EN and HL) independently assessed reporting
bias, and any disagreements between assessors were resolved by
discussion and consensus among all authors. When we assessed
reporting bias, we considered any poor methodological quality or
true clinical heterogeneity that might lead to funnel plot asym-
metry other than reporting bias.

Certainty Assessment

We used the GRADE approach (Grading of Recommendations
Assessment, Development, and Evaluation) and GRADEpro GDT
software [31] to assess the certainty of the body of evidence. Two
authors (EN and HL) independently assessed the certainty of the
evidence and resolved any disagreements through discussion and
consensus. Initially, we specified the study design, i.e. randomized
controlled trials, and assessed the five factors that can reduce the
quality of evidence: risk of bias, inconsistency, indirectness,

imprecision, and publication bias. Then, the GRADE system rated
the certainty of the evidence for each outcome across studies as
high, moderate, low, or very low. We presented the results of cer-
tainty assessments in the Summary of Findings table. For certainty
assessment, we referred to the descriptions in sections 3, 4, and 5 of
the GRADE handbook for grading the quality of evidence and
strength of recommendations [33].

Results

Study selection

The database search retrieved 454 trials. After removing 254
duplicates, the titles and abstracts of the remaining 200 trials were
assessed for eligibility. Following a title and abstract screening, 146
records were removed. Out of the remaining 54 records that were
sought for retrieval, 45 records were actually retrieved. Subse-
quently, 45 trials were assessed for eligibility, and 15were excluded
after a detailed evaluation of their full-text articles. The list of the
excluded trials was presented in the Online Supplementary
Material (I).

Finally, 30 trials were included in the review, and their list is
presented in the Online Supplementary Material (A). Details of the
search, selection process, and reasons for excluding full-text articles
are shown in Figure 1.

Study characteristics

The details of the key characteristics of each included study are
presented in the Online Supplementary Material (B). All studies
were randomized controlled trials published in English. The
included studies involved 2,280 participants.

The studies were conducted in hospital settings for surgery and
in the following countries: China or Taiwan (eight trials), the USA
(five trials), Turkey or Iran (nine trials), as well as Brazil, South
Korea, Malaysia, Italy, and Israel. The music intervention comprised
folk, traditional, modern Western, natural sound, relaxing, or the
patients' favorite music. The intervention was given at different
times, such as pre, post, intraoperative periods, or a combination of
two or more of these periods.

Risk of bias in studies

We assessed the risk of bias in studies by focusing on the main
outcomes in each included study. As the outcome assessors were
unable to be blinded to the intervention assignment (music inter-
vention vs. control treatment) and the outcomes were participant-
reported, there is a potential for bias influenced by knowledge of
the intervention received. This could lead to a judgment of ‘some
concerns' in the assessment of the risk of bias in the domain of
outcome measurement, which in turn should prompt some con-
cerns in the overall risk of bias.

As a result, 29 trials were judged to raise some concerns about
the overall risk of bias, which accounted for 96.7% of all included
trials, and only one trial was judged to be at an overall high risk of
bias, accounting for 3.3%. The summary table of the bias risk
assessment is presented in the Online Supplementary Material
(C1), and the risk of bias graph is available in C2.

Effect of music intervention on anxiety

Figure 2A displays the summary statistics (mean, SD, and sam-
ple size) for each included study for both the music intervention
and control groups, as well as the bias-corrected standardized
mean difference (Hedges' g) and its 95% confidence interval for the
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anxiety outcome. All data for each included study were obtained
from the primary reference of the journal article, unless otherwise
specified. The effect estimates (Hedges' g) for each study ranged
from�0.13 (95% CI:�0.46 to 0.18) to�6.08 (95% CI:�7.02 to�5.13),
displaying substantial heterogeneity.

Twenty-four randomized controlled trials (RCTs) compared
patient-reported operative anxiety directly between the music
intervention and standard care groups. These RCTs enrolled 1,916
patients undergoing surgeries and used a variety of validated or
standardized instruments. Twenty-three of the trials were judged
to raise some concerns, and only one trial was deemed to have a
high overall risk.

The pooled analysis showed that music intervention
was significantly associated with lower perioperative anxiety
(Hedges' g ¼ �1.48, 95% CI: �1.97 to �0.98) compared to standard
care. However, substantial heterogeneity was identified within this
synthesis (I2 ¼ 92.7%, c2 ¼ 316.03, df ¼ 23, p < .001).

Effect of music intervention on pain

Figure 2B presents summary statistics, effect estimates, and
precisions for each group in the pain meta-analysis for each
study. Unless otherwise specified, data for each study were
obtained from the primary reference of the journal article. The

effect estimates (Hedges's g) ranged from 0.28 (CI: �0.21 to 0.77)
to �2.61 (CI: �3.32 to �1.91), displaying substantial
heterogeneity.

Thirteen RCTs compared postoperative pain between the music
intervention and control groups. These RCTs enrolled 951 patients
undergoing surgeries in surgical units and used various validated
pain instruments. Thirteen of the trials were judged to raise con-
cerns regarding the overall risk of bias. No studies were deemed to
be at high overall risk of bias.

The synthesis results showed that music intervention
was associated with significantly lower postoperative pain
(Hedges's g¼�0.67, 95% CI:�1.11 to�0.23) than standard care. The
consistency statistics showed substantial heterogeneity (I2¼ 87.4%,
c2 ¼ 95.45, df ¼ 12, p < .001).

Effects of music intervention on physiologic parameters

The results of individual studies and syntheses for these out-
comes are presented in Figure 2C. Unless otherwise specified, all
data for each included study were extracted from the primary
references of journal articles. The effect estimate MD for each study
ranged from�10.48 (95% CI: �14.7 to�6.26) to 3.28 (95% CI: �4.79
to 11.35) for systolic blood pressure (SBP), �14.40 (95% CI: �18.63
to �10.17) to 4.97 (95% CI: �0.12 to 10.06) for diastolic blood

Figure 1. PRISMA 2020 Flow Diagram Displaying the Search and Selection.
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pressure (DBP), and �16.68 (95% CI: �21.28 to �12.08) to 2.42 (95%
CI: �1.35 to 6.19) for heart rate (HR), respectively.

Nine RCTs compared SBP, DBP, and HR between the music and
standard care groups, and these RCTs enrolled 707 patients under-
going surgery. Seven of the trials were judged to have a low overall
risk of bias. One trial was found to raise some concerns due to de-
viations from intended interventions,while another trialwasdeemed
tobeathighoverall riskdue tohigh riskof randomizationprocess and
some concern of risk of deviations from intended interventions.

The results of the syntheses displayed that music intervention
was associated with significantly lower SBP (MD ¼ �4.62, 95%
CI ¼ �7.38 to �1.86) and lower HR (MD ¼ �3.37, 95% CI: �6.65
to �0.10) than standard care. Music intervention was associated
with lower DBP (MD ¼ �3.43, 95% CI: �7.26 to 0.39) than standard
care, but it was not significant. The heterogeneity statistics for all
physiological parameters showed substantial heterogeneity (SBP:
I2 ¼ 46%, c2 ¼ 14.75, df ¼ 8, p < .064; DBP: I2 ¼ 87%, c2 ¼ 61.70,
df ¼ 8, p < .001; HR: I2 ¼ 82.9%, c2 ¼ 46.88, df ¼ 8, p<. 001).

Figure 2. A. Forest Plot for the Effect of Music Therapy on Anxiety. Note. CI: confidence interval, SD: standard deviation, SMD: standardized mean difference. B. Forest Plot for the
Efficacy of Music on Pain. Note. CI: confidence interval, SD: standard deviation, SMD: standardized mean difference. C. Forest Plots for the Effect of Music on Vital Signs. Note. CI ¼
confidence interval; DBP ¼ diastolic blood pressure; HR ¼ heart rate; SBP ¼ systolic blood pressure; SD ¼ standard deviation, MD ¼ mean difference.

Figure 2B. (continued).
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Subgroup analysis and meta-regression

The subgroup analysis of anxiety by surgery type revealed that
the music intervention was significantly more effective in reducing
anxiety compared to the comparators within each subgroup of
patients. The summary estimates, precision, and statistics of het-
erogeneity for each subgroup are presented in the Online
Supplementary Material D.

Substantial and large mean effects were observed among pa-
tients who underwent surgery under spinal anesthesia, with a
SMD of �3.5 (95% CI: �5.14 to �1.86). Patients who underwent
obstetric or gynecologic surgeries also showed significant effects
(SMD: �1.43, 95% CI: �2.57 to �0.30), as did patients who

underwent urologic surgery (SMD: �2.47, 95% CI: �4.08 to �0.86).
On the other hand, relatively small to medium mean effects were
observed in patients who underwent cardiovascular or thoracic
surgery, with a SMD of �0.53 (95% CI: �1.52 to 0.47), and among
patients who had general surgery (SMD: �0.77, 95% CI: �2.36 to
0.81), without reaching statistical significance. Most of the sub-
group analyses revealed substantial heterogeneity in the effects of
music. A test for the interaction between music effects and surgery
type, conducted using a random effects model, indicated no sta-
tistical significance (Qb ¼ 12.20, df ¼ 8, p ¼ .142).

The regression analysis indicated that the different mean effects
among surgery-type subgroups were not statistically significant
(QM (df ¼ 8) ¼ 12.20, p¼ .142). However, the analysis revealed that

Figure 2C. (continued).
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the type of surgery accounted for 14.7% of the heterogeneity in
music’s effects on anxiety.

The subgroup analysis on anxiety by the duration of interven-
tion revealed that the mean effect (Hedges' g) was �2.09 (95%
CI: �2.68 to �1.49) in patients who listened to music for 30 to
60 minutes, �0.79 (95% CI: �1.54 to �0.05) for continuous music
listening (from preoperative to postoperative period), and �0.69
(95% CI:�1.90 to 0.52) for less than 30minutes (see Supplementary
Material E). The test for subgroup differences using the random
effects model showed that the different mean effects between
subgroups were statistically significant (Q ¼ 8.83, df ¼ 2, p ¼ .012).
The meta-regression confirmed this result (QM (df ¼ 2) ¼ 8.83,
p ¼ .012), and the duration the of music intervention accounted for
24.4% of the heterogeneity of the music effect on anxiety.

As the number of studies included in the pain meta-analysis
was thirteen, we performed only one subgroup analysis and
meta-regression by the duration of the intervention (see
Supplementary Material F). The subgroup analysis showed that the
effect was �1.34 (Hedges' g, �1.95 to �0.73) in patients receiving
music for 30 to 60 minutes, �0.31 (�0.9 to 0.29) in patients
listening tomusic continuously, and�0.24 (�1.20 to 0.72) for music
for less than 30 minutes. Lin et al‘s findings [23] on music inter-
vention for 30 minutes every day for six months showed an effect
of �0.04 (95% CI: �0.47 to 0.38). In summary, music intervention
has the most significant effect among participants receiving it for
30 to 60 minutes. The test for subgroup differences showed mar-
ginal statistical significance (Q ¼ 7.67, df ¼ 3, p ¼ .053). The meta-
regression analysis confirmed the result of the test for subgroup
differences (QM ¼ 7.67, df ¼ 3, p ¼ .053), and the duration of the
music intervention accounted for 30.4% of the heterogeneity of
effects on pain.

Sensitivity analyses

The sensitivity analysis revealed that omitting the study with a
high overall risk of bias [34] using the default common effect
model (see Figure 3) changed the overall effect from Hedges'

g ¼ �1.04 (95% CI: �1.14 to �0.94) to �1.12 (95% CI: �1.22
to�1.01). The effect estimate of the study with an overall high risk
of bias [34] was g ¼ �0.13 (95% CI: �0.50 to 0.24), which is much
smaller than the mean effect (g ¼ �1.04, 95% CI: �1.14 to �0.94).
However, the inclusion of this study did not significantly inflate
the overall effect. Thus, our decision to include the study with a
high risk of bias in the synthesis appears to have only a minor
influence on the robustness of the synthesized results on anxiety.
Sensitivity analysis was not conducted for other outcomes (i.e.
pain, blood pressure, and heart rate) because no study with an
overall high risk of bias was included in the syntheses of those
outcomes.

Risk of reporting biases in syntheses

The funnel plot for the effect of music on anxiety appears
asymmetrical, as it seems empty in the lower-right area (Figure 4A).
This lower-right region is the space for studies with small samples
and small effects, indicating that studies with small samples and
effects are missing. Egger's regression test to assess funnel plot
asymmetry showed statistical significance (t ¼ �6.26, df ¼ 22,
p < .001). The trim-and-fill method to adjust for funnel plot
asymmetry using the common effect model showed that the
overall effect was g ¼ �0.76 SD (�0.85 to �0.67), combining 32
studies with 8 added studies, while the mean effect combining 24
trials was g ¼ �1.04 (�1.14 to �0.94) (see Figure 4B). This result
suggests small study effects and a possible risk of bias due to
missing studies arising from reporting or sampling biases. There-
fore, we considered the evidence on anxiety to be of low quality
due to reporting bias and selection bias.

The funnel plot for the effect of music on pain appears somewhat
asymmetric (see online Supplementary Material G1). Egger's
regression test confirmed statistically significant funnel plot asym-
metry (t ¼ �2.43, df ¼ 11, p ¼ .033). However, the trim-and-fill
method showed the same mean effect as the primary mean effect
(g ¼ �0.5, �0.63 to �0.37), combining 13 studies with no added
study (see online Supplementary Material G2). Since the reporting

Figure 3. Forest Plot for Sensitivity Analysis on the Music Effect for Anxiety: omitting the study with high overall risk (Liu 2015; indicated by the red line) changed the overall effect
from �1.04 to �1.12 using the common effect model (Default Model). Note. CI ¼ confidence interval, SD ¼ standard deviation, SMD ¼ standardized mean difference.
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bias on the pain evidence is not clear, we cannot conclude the effi-
cacy of the music intervention in terms of patients reporting pain.

Certainty of evidence

The anxiety score in the music intervention groups was, on
average, SMD ¼ 1.48 SD (95% CI: �1.97 to �0.98) lower than that in
the usual care groups. The evidence suggests that music interven-
tion leads to a large reduction in anxiety compared to usual care,
but with low certainty. The evidence was downgraded twice, once
for unexplained heterogeneity of effects and once for publication
bias. Table 1 presents the GRADE summary of findings table, which
provides information on the certainty of evidence for all outcomes,
with footnotes explaining judgments.

The pain score in the music intervention groups was, on
average, SMD¼ 0.67 SD (95% CI:�1.11 to�0.23) lower than that in
the comparator groups. The evidence suggests that music inter-
vention reduces postoperative pain compared with standard care
but with low certainty. The evidence was downgraded twice, once
for unexplained inconsistency of effects and once for publication
bias.

The systolic blood pressure in the music groups was, on average,
MD ¼ 4.62 lower (95% CI: �7.48 to �1.86) than that in the standard
care groups. The evidence suggests that music intervention slightly

reduces systolic blood pressure compared with standard care, with
high certainty. The evidence was not downgraded in the judgment
of certainty of evidence.

The diastolic blood pressure in the music intervention groups
was, on average, MD ¼ 3.43 lower (95% CI: �7.25 to 0.39, which is
not significant) than in the usual care groups. Compared with usual
care, the evidence suggests music intervention likely results in little
to no difference in diastolic blood pressure with moderate cer-
tainty. The evidence was downgraded one step for unexplained
heterogeneity of results.

The heart rate in the music intervention groups was, on average,
MD ¼ 3.37 lower (95% CI: �6.65 to �0.10) than in the usual care
groups. Compared with usual care, moderately certain evidence
suggests music intervention likely results in a slight reduction in
heart rate. The evidence was downgraded one step for unexplained
heterogeneity.

Discussion

A general interpretation of the results

This systematic review and meta-analysis identified a statisti-
cally significant reduction in operative anxiety, pain, systolic blood
pressure, and heart rate in adults who received perioperative music

Figure 4. Funnel Plot for the Music Effect on Anxiety. A. Funnel Plot for the Music Effect on Anxiety: the red circle indicates assumed missing small-sample studies with small effects.
B. Funnel Plot after Trimfill for the Music Effect on Anxiety: the red circle indicates 8 filled studies that were assumed to be missing.
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intervention. The average effect of music intervention on anxiety
and pain was �1.48 SD (95% CI: �1.97 to �0.98) and �0.67 SD (95%
CI: �1.11 to �0.23), respectively, compared to standard care. Peri-
operative music intervention resulted in a large reduction in anx-
iety and a moderate reduction in pain in surgical patients. These
findings are consistent with recent systematic reviews on the effect
of music on reducing operative anxiety and pain in surgical patients
[1,4,24,35].

Although our findings are largely consistent with previous re-
views, indicating that perioperative music intervention is effective
in reducing anxiety and pain, our findings on perioperative anxiety
are much larger than those reported in previous reviews. Previous
reviews have indicated moderate effects, with SMD of �0.4 SD in
orthopedic surgery [24], MD of �0.69 in surgery patients [4], SMD
of�0.68 in cardiac surgery [35], and SMD of�0.5 in cardiac surgery
[1]. One reason for the discordant results could be the possibility of
a small study effect due to missing results in the synthesis of our
evidence, which might have resulted in the inflation of the average
effect. Another possible issue is that our anxiety data were based
on change scores from baseline to post-intervention scores, which
could generate larger effect sizes.

The evidence on pain is consistent with previous reviews,
indicating that music is effective in reducing postoperative pain,
and the overall effect size remains in line with other evidence. For
example, MDs of �0.5 in surgery patients [4], SMDs of �0.74 SD in
cardiac surgery [35], SMDs of�0.51 SD in cardiac surgery [1], SMDs
of �0.27 SD in orthopedic surgery [24], and SMDs of �0.42 SD in
abdominal surgery [36], respectively.

The findings of this review suggest a robust body of evidence
investigating the effects of music intervention on operative anxiety
and pain. However, there are several important questions that

require further investigation. Although the subgroup analysis on
anxiety by type of surgery was not significant, it indicated sub-
stantial variability in the mean effects across different types of
surgery or anesthesia. Further reviews that focus on determining
whether the effects of music intervention differ based on the type
of surgery or anesthesia would enhance our understanding of the
knowledge base on this topic.

Our findings on physiological parameters indicated that music
intervention worked to decrease SBP and HR with statistical sig-
nificance. Considering the certainty of the evidence, perioperative
music intervention results in a slight decrease in SBP and likely
results in a slight decrease in HR.

These results are inconsistent with recent meta-analyses
showing that music interventions are not effective in decreasing
SBP and HR in adult patients undergoing orthopedic surgery [24]
and cardiac surgery [1]. These reviews reported trivial, small, un-
important effects, or no effects. One possible reason for the previ-
ous evidence could be the lack of statistical power due to the small
number of studies included in syntheses. For instance, Patiyal et al
[24] reported findings on SBP and HR from three RCTswith a total of
134 orthopedic surgery patients, and Kakar et al. [1] reported
findings on SBP from four RCTs with 289 cardiac surgery patients
and HR from five RCTs with a total of 347 cardiac surgery patients.
The small number of included studies and the limited number of
participants might have contributed to the lack of statistical power
and the failure to detect the true effect. In contrast to previous
review findings, our study revealed significant but small effects on
SBP and HR. The previous findings might have been influenced by a
lack of statistical power due to the synthesis of a small number of
studies. Therefore, to better understand the effect of music on vital
signs, we recommend high-quality primary studies assessing

Table 1 The GRADE Summary of Findings Table for Music Intervention.

Patient or population: patients undergoing surgery; Setting: any hospital settings; Intervention: music intervention; Comparison: standard care

Outcomes N of participants (studies) Certainty of the evidence (GRADE) Anticipated absolute effects

Risk with standard care Risk difference with music therapy

Anxiety 1916 (24 RCTs) ⨁⨁��
Lowa,b

e SMD 1.48 SD lower (1.97 lower to 0.98 lower)

Pain 951 (13 RCTs) ⨁⨁��
Lowc,d

e SMD 0.67 SD lower (1.11 lower to 0.23 lower)

SBP 707 (9 RCTs) ⨁⨁⨁⨁

High
The mean SBP was -0.56 MD 4.62 lower (7.38 lower to 1.86 lower)

DBP 707 (9 RCTs) ⨁⨁⨁�
Moderatee

The mean DBP was 0.85 MD 3.43 lower (7.25 lower to 0.39 higher)

HR 707 (9 RCTs) ⨁⨁⨁�
Moderatef

The mean HR was -0.21 MD 3.37 lower (6.65 lower to 0.1 lower)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95% CI). CI ¼ confidence interval; MD ¼ mean difference; RCT ¼ randomized controlled trial; SMD ¼ standardised mean difference; SBP ¼ systolic blood pressure; DBP ¼
diastolic blood pressure; HR ¼ heart rate.
GRADEWorking Group grades of evidenceHigh certainty: we are very confident that the true effect lies close to that of the estimate of the effect.Moderate certainty: we are
moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.Low
certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.Very low certainty: we have very little
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of the effect.

a The heterogeneity statistics indicated high heterogeneity (Tau2 ¼ 1.45; I2 ¼ 93%; Chi2 ¼ 316.03, df¼ 23, p < .001). The meta-regression analysis revealed that surgery type
accounted for 14.69% of the total between-studies variance, the duration of music accounted for 24.4%, and the sample size accounted for 3.4%. However, the residual het-
erogeneity was not sufficiently explained. Based on the observed heterogeneity, the certainty of the evidence was downgraded by one level.

b The funnel plot of 24 trials revealed asymmetry, which was further confirmed by Egger's regression analysis. Due to the suspected presence of publication bias, the
certainty of the evidence was downgraded by one level.

c The heterogeneity statistics indicated significant heterogeneity (Tau2¼ 0.58, Chi2¼ 95.45, df¼ 12, p< .001, I2¼ 87.4%). Meta-regression demonstrated that the duration of
the music intervention explained 30.4% of the total between-study variance. However, the residual heterogeneity remains unexplained. As a result, the certainty of the
evidence was downgraded by one level.

d The funnel plot of 13 trials displayed asymmetry, indicating a potential small study bias, which was confirmed by Egger's regression. Due to the suspected publication bias,
the certainty of the evidence was downgraded by one level.

e The heterogeneity statistics revealed significant heterogeneity (Tau2 ¼ 30.08, Chi2 ¼ 61.7, df ¼ 8, p < .001, I2 ¼ 87%). Due to insufficiently explained heterogeneity, the
certainty of the evidence was downgraded by one level.

f The heterogeneity statistics indicated significant heterogeneity (Tau2 ¼ 22.04, Chi2 ¼ 46.88, df ¼ 8, p < .001, I2 ¼ 82.9%). Due to unexplained heterogeneity in effects, the
certainty of the evidence was downgraded by one level.
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music's impact on vital signs using RCTs and systematic reviews.
Our results on DBP are consistent with previous reviews [1,24],
indicating that music intervention alone may not sufficiently
decrease DBP in surgical patients. Given the limitations of our study
and previous reviews due to the small number of studies, we
suggest conducting RCTs and meta-analyses to examine the music
effect on SBP in surgical patients.

Limitations of the evidence and review process

The assessment of the certainty of the evidence indicates
appreciable limitations in the evidence on anxiety and pain,
including substantial heterogeneity of effects and strongly sus-
pected publication bias. The statistics of heterogeneity on anxiety
and pain showed highly heterogeneous results, and exploration for
reasons showed that two factors (i.e., type of surgery and the
duration of music intervention) accounted for a portion of het-
erogeneity, but the substantial amount of between-study variance
was not adequately explained. The funnel plot and Egger's regres-
sion on anxiety and pain outcomes strongly suggest publication
bias. We limited studies to published articles written in English and
accessible full-text articles, which might have contributed to
missing results.

The evidence on DBP and HR also has limitations, with sub-
stantial heterogeneity between study variances. The music effects
might be inconsistent across music intervention types, surgery
types, ormethodological features. Becausewe did not limit the type
of surgery, type, and duration of the music, inconsistencies in
treatment effects might be presented.

We restricted eligibility to studies published in English only.
Furthermore, wewere unable to access all potentially eligible study
reports, so we included accessible full-text studies only. Due to
these limitations of the review process, we might have missed
some of the potentially eligible publications. However, we are
confident that these limitations would not change the overall
findings of this review.

Conclusions

Evidence from this review suggests that music intervention has
significant beneficial effects on relieving anxiety, pain, and physi-
ological responses, specifically systolic blood pressure and heart
rate, in surgical patients. Moreover, the findings that music inter-
vention for 30e60 minutes has the largest effect on both operative
anxiety and pain should be a primary consideration for planning
music intervention to alleviate operative anxiety and pain.

Future reviews investigating the influence of surgery types on
the effects of music would enhance our knowledge in this area.
Additionally, high-quality primary studies assessing the impact of
music on vital signs through randomized controlled trials and
systematic reviews would help advance our understanding of the
effects of music on physiological responses.

Registration and protocol

This systematic review has been registered with the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO) un-
der the registration number CRD42022340203. The protocol for the
systematic review and meta-analysis is available at https://www.
crd.york.ac.uk/prospero/display_record.php?ID¼CRD42022340
203.
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21. U�graş GA, YıldırımG, Yüksel S, €Oztürkçü Y, Kuzdere M, €Oztekin SD. The effect of
different types of music on patients' preoperative anxiety: a randomized
controlled trial. Compl Ther Clin Pract. 2018;31:158e63.
https://doi.org/10.1016/j.ctcp.2018.02.012. PMID: 29705448.

22. Wiwatwongwana D, Vichitvejpaisal P, Thaikruea L, Klaphajone J, Tantong A,
Wiwatwongwana A. The effect of music with and without binaural beat audio
on operative anxiety in patients undergoing cataract surgery: a randomized
controlled trial. Eye (Lond). 2016;30(11):1407e14.
https://doi.org/10.1038/eye.2016.160. PMID: 27740618. PMCID: PMC5108018.

23. Lin CL, Hwang SL, Jiang P, Hsiung NH. Effect of music intervention on pain after
orthopedic surgery-a systematic review and meta-analysis. Pain Pract.
2020;20(4):422e36. https://doi.org/10.1111/papr.12864

24. Patiyal N, Kalyani V, Mishra R, Kataria N, Sharma S, Parashar A, et al. Effect of
music intervention on pain, anxiety, and use of opioids among patients un-
derwent orthopedic surgery: a systematic review and meta-analysis. Cureus.
2021;13(9):e18377. https://doi.org/10.7759/cureus.18377. PMID: 34725621;
PMCID: PMC8555445.

25. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
PRISMA 2020 explanation and elaboration: updated guidance and exemplars
for reporting systematic reviews. BMJ. 2021;372:n160.
https://doi.org/10.1136/bmj.n160

26. Sterne JAC, Savovi�c J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:
l4898. https://doi.org/10.1136/bmj.l4898. PMID: 31462531.

27. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. New
York: Lawrence Erlbaum Associates; 1988. p. p26.

28. Higgins JPT, Li T, Deeks JJ. Chapter 6: choosing effect measures and computing
estimates of effect. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T,
Page MJ, et al., editors. Cochrane handbook for systematic reviews of in-
terventions version 6.3. 2022 (updated February 2022). Cochrane www.
training.cochrane.org/handbook

29. R Core Team. R. A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing; 2020. Available from: https://
www.R-project.org/

30. The Cochrane Collaboration. Review manager (RevMan) [computer program].
London: Cochrane; 2020. Available from https://community.cochrane.org/
help/tools-and-software/Version 5.4

31. GRADEpro GDT. GRADEpro guideline development tool [software]. McMaster
University and Evidence Prime; 2022. Available from: gradepro.org

32. Deeks JJ, Higgins JPT, Altman DG. Chapter 10: analysing data and undertaking
meta-analyses. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T,
Page MJ, et al., editors. Cochrane handbook for systematic reviews of in-
terventions version 6.3. 2022 (updated February 2022). Cochrane www.
training.cochrane.org/handbook

33. SchünemannH,Bro _zek J,GuyattG,OxmanA.GRADEhandbook for gradingquality
of evidence and strength of recommendations. The GRADEWorking Group; 2013.
Updated October 2013 https://gdt.gradepro.org/app/handbook/handbook.html

34. Liu Y, Petrini MA. Effects of music intervention on pain, anxiety, and vital signs
in patients after thoracic surgery. Compl Ther Med. 2015;23(5):714e8.
https://doi.org/10.1016/j.ctim.2015.08.002

35. Chandrababu R, Ramesh J, Sanatombi Devi E, Nayak BS, George A. Effectiveness
of music on anxiety and pain among cardiac surgery patients: a quantitative
systematic review and meta-analysis of randomized controlled trials. Int J Nurs
Pract. 2021;27(4):e12928. https://doi.org/10.1111/ijn.12928. PMID: 33759286.

36. Dale VH. The impact of perioperative music on abdominal surgery
patients' experience of postoperative pain: a systematic review and
meta-analysis. J Perioperat Pract. 2021;31(1-2):31e43.
https://doi.org/10.1177/1750458920943375. PMID: 32894995.

H.Y. Lee et al. / Asian Nursing Research 17 (2023) 138e149 149

https://doi.org/10.3390/healthcare9111437. PMID: 34828484
https://doi.org/10.1093/jmt/thy022
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref18
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref18
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref18
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref18
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref19
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref19
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref19
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref19
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref19
https://doi.org/10.1111/j.1523-536X.2012.00532.x
https://doi.org/10.1016/j.ctcp.2018.02.012
https://doi.org/10.1038/eye.2016.160. PMID: 27740618
https://doi.org/10.1111/papr.12864
https://doi.org/10.7759/cureus.18377
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.l4898
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref27
http://refhub.elsevier.com/S1976-1317(23)00031-2/sref27
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://www.R-project.org/
https://www.R-project.org/
https://community.cochrane.org/help/tools-and-software/
https://community.cochrane.org/help/tools-and-software/
http://gradepro.org
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.1016/j.ctim.2015.08.002
https://doi.org/10.1111/ijn.12928
https://doi.org/10.1177/1750458920943375


© 2023. This work is published under 
https://creativecommons.org/licenses/by-nc-nd/4.0/(the “License”). 

Notwithstanding the ProQuest Terms and Conditions, you may use this
content in accordance with the terms of the License.



Research Article

Increased Parasympathetic Activity as a Fall Risk Factor Beyond
Conventional Factors in Institutionalized Older Adults with Mild
Cognitive Impairment

Minhee Suh*

Department of Nursing, Inha University, Incheon, Republic of Korea

a r t i c l e i n f o

Article history:
Received 23 November 2022
Received in revised form
26 April 2023
Accepted 2 May 2023

Keywords:
aged
accidental falls
autonomic nervous system
depression
executive function

s u m m a r y

Purpose: This study aimed to investigate autonomic nervous function during the orthostatic challenge
and its relationship with depression and fall, and to elucidate fall-associated factors, including autonomic
function, executive function, and depression among institutionalized older adults with mild cognitive
impairment (MCI).
Methods: This study employed a descriptive cross-sectional design. Fall experiences in the current in-
stitutions were researched. Heart rate variability (HRV) during the orthostatic challenge was measured.
Executive function was evaluated using the semantic verbal fluency test and clock drawing test.
Depression was assessed using the Geriatric Depression Scale.
Results: Of the 115 older adults, 17 (14.8%) experienced falls in the current institution. None of the HRV
indices during the orthostatic challenge showed any significant changes except for the standard devia-
tion of normal RR intervals (p ¼ .037) in the institutionalized older adults with MCI. None of the HRV
indices was significantly related to the depressive symptoms. Multivariate logistic regression analysis
showed that normalized high frequency on lying was independently associated with falls (OR ¼ 1.027,
p ¼ .049) after adjusting for other conventional fall risk factors although executive function and
depressive symptoms were not significant factors for falls.
Conclusions: Institutionalized older adults with MCI were vulnerable to autonomic nervous modulation,
especially to sympathetic modulation, during the orthostatic challenge, which was not associated with
depressive symptoms. As increased resting parasympathetic activity seemed to play a key role in asso-
ciation with falls, autonomic nervous function assessment should be considered for fall risk evaluation.
© 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

Falls are one of the major adverse events that lead to negative
consequences such as unintentional injuries and death in older
adults [1]. Althoughnurses aremaking tremendous efforts to prevent
falls among institutionalized older adults, 50.2% of institutionalized
older adults still suffered from falls for a year, an average of 1.3 falls
per 1.57 persons [2,3]. As institutionalized older adults are decondi-
tioned with multiple chronic diseases and on various medications,
special attention is needed to consider their physiological state for fall
risk factors. However, there is a lack of literature considering the
underlying physiological conditions in institutionalized older adults.

Mild cognitive impairment (MCI) is a clinical entity character-
ized by slight cognitive impairmentwithout functional dependence
[4], which is associated with 1.53 times higher odds of fall-related
injury [5]. Further, older adults with MCI have reported reduced
executive function [6]. Executive functionda cognitive sub-
domaindis an important mediating factor between visual acuity
and postural stability, especially in cognitively impaired older
adults [7], and is an important factor for daily life activities [8].
Recent studies have shown that executive function is a key cogni-
tive domain involved in gait or postural control [9,10] and is closely
related to falls in community-dwelling older adults [11]. As insti-
tutionalized older adults with MCI are more likely to have pro-
nounced executive dysfunction, it is necessary to investigate their
executive function as a risk factor for falls in institutionalized older
adults.
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In addition to cognition, autonomic dysfunction can be consid-
ered a risk factor for falls in older adults. With increasing age, the
overall ability of cardiac autonomic modulation declines constantly
[12]; consequently, blood pressure regulation reduces [13], which,
in turn, causes hypotensive episodes and falls [14]. A previous study
also reported that autonomic dysfunction is common in patients
with MCI [15]. Moreover, as institutionalized older adults with MCI
have several chronic diseases and take various medications,
including antihypertensives and antidepressants, they may be
subject to the exaggerated risk of orthostatic intolerance and falls.
Thus, their autonomic nervous function during orthostatic chal-
lenge should be assessed and evaluated in association with falls.

Depression has also been suggested as a risk factor for falls in
community-dwelling older adults although there are some con-
troversies in institutionalized adults. In a meta-analysis, the au-
thors demonstrated that depressive symptoms were significant
predictors of falls [16], whereas Susilowati et al. [17] found no
significant relationship between depressive symptoms and falls
among institutionalized older adults. Furthermore, considering a
recent meta-analysis showing that heart rate variability (HRV) was
found to be reduced among depressed older adults [18], HRV may
mediate between depressive symptoms and falls. Therefore, it is
necessary to examine depressive symptoms and HRV in relation to
falls in institutionalized older adults.

This study aimed to investigate the autonomic nervous function
during the orthostatic challenge and to explore the involvement of
depressive symptoms in autonomic nervous function. This study
also aimed to elucidate the associations between autonomic ner-
vous function, cognitive function, including the executive function
domain, and depressive symptoms with falls among institutional-
ized older adults with MCI.

Methods

Study design and participants

This descriptive cross-sectional study investigated autonomic
nervous function during the orthostatic challenge using HRV to
explore the involvement of autonomic nervous function in
depressive symptoms and analyzed associations of autonomic
nervous function, cognitive function, and depressive symptoms
with falls. The conceptual models of this study were illustrated in
Figure 1.

A convenience sample of 115 institutionalized older adults
aged �65 years was recruited from four regional geriatric

hospitals in South Korea from July 2017 to February 2020. Older
adults with the following characteristics were included: those
who complained of decreased memory in answering the ques-
tion, “Do you feel like your memory is becoming worse?” [19];
who did not have dementia with scores greater than 1.5SD below
the mean on the Mini-Mental Status Examination for Dementia
Screening (MMSE-DS) score regarding age, gender, and education
as suggested by a previous study [20]; who could communicate
and walk around by themselves or with little assistance from one
caregiver; who had been institutionalized for more than 1 week.
Older adults with current arrhythmias on the EKG were
excluded. The participant selection process was illustrated in
Figure 2.

Based on Long's suggestion for a regression model with binary
outcomes of at least 10 cases per estimated parameter [21], the
minimum number of participants required for this study was 90,
with the expectation of nine predictors included in the regression
model.

Study measures

General characteristics such as years of education, marital sta-
tus, subjective financial status, smoking, and drinking were ob-
tained via interviews. Clinical information, including age, gender,
admission date, and diagnosed disease information, was acquired
from medical records.

Fall and fall risk
A fall was defined as an event that resulted in a person coming

to rest inadvertently on the ground, floor, or any other such lower
level with or without injury [22]. Fall experience in the current
institution was assessed with the question, “Have you fallen in the
current institution?” Fall situations when the fall occurred in cur-
rent institutions were also asked. Fall experience and fall situations
in the current institutions were verified by caregivers at patients’
bedsides to ensure the reliability of patient responses. Further, fall
risk was assessed using the Bobath Memorial Hospital Fall Risk
Assessment Scale Short Form (BMFRAS-SF) [23]. It has four items:
past fall history, level of physical activity, number of fall risk factors,
and number of fall-risk-increasing medications. Each item has a 4-
point scale ranging from 0 to 3, with a total score of 12. Individuals
with a score greater than 5 are considered to have a high fall risk
[23]. It has been shown to have a good sensitivity of 86.7% and a
specificity of 67.9% [23].

Figure 1. Conceptual Model of This Study.
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Heart rate variability
For autonomic nervous system function, HRV was measured

using Heart Rhythm Scanner 3.0 (Biocom Technologies, Poulsbo,
USA) [24] in the participants' room. HRV was measured between 9
a.m. and 11 a.m. to minimize bias from HRV diurnal variation.
Caffeine, nicotine, and alcohol intake were restricted from
12 h before the measurement to evaluate HRV accurately. Further,
three-channel electrocardiogram electrodes were attached to the
inner part of both wrists to measure HRV. It was measured for 5
min in the participant's lying position after 5 min of rest, and for
another 5 min in their sitting position after 5 min of resting, as 5
min are believed necessary for adjustment to the posture [25].

The software Heart Rhythm Scanner 5.4.1. version (Biocom
Technologies, Poulsbo, USA) was used, developed according to
standards and mathematical procedures set forth by the European
Society of Cardiology and the North American Society of Pacing and
Electrophysiology. HRVwas analyzed both in the time domaindthe
standard deviation of the normal RR intervals (SDNN), root mean
square of the differences between adjacent RR intervals (RMSSD)d
and the frequency domaindnormalized high frequency (nHF),
normalized low frequency (nLF), and LF/HF ratiodon each of the
two measurements. SDNN is the index of the heart's response to
changing workloads and was measured in milliseconds, with
higher SDNN indicating better cardiac response to changing
workloads [26]. RMSSD is the primary time-domain measure used
to estimate vagally mediated changes reflected in HRV, with higher
RMSSD indicating greater activity of parasympathetic nervous
system [27]. nLF indicates the contribution of the low frequency in
the total power, excluding the contribution of very low frequency
(VLF), and reflects sympathetic activity dominantly. nHF indicates
the contribution of the high frequency in the total power, excluding
the contribution of VLF, and is mediated almost entirely by

parasympathetic nerve activity. The LF/HF ratio verifies the balance
between sympathetic and parasympathetic nervous activities.

Orthostatic hypotension
Orthostatic hypotension (OH) was defined as a decrease in

systolic blood pressure (SBP) of at least 20 mmHg or a decrease in
diastolic blood pressure (DBP) of at least 10 mmHg within 3 min of
standing from a supine position [25]. To evaluate OH, brachial BP
was measured using an electronic sphygmomanometer (HEM-907,
Omron, Kyoto, Japan). After the participants rested for 5 min in the
lying position, brachial BP was measured. Subsequently, the par-
ticipants sat on the bed, and brachial BP was measured within 3
min.

General cognitive function and executive function
The Mini Mental Status Examination for Dementia Screening

(MMSE-DS)was used to evaluate overall cognitive function [20]. The
MMSE-DS comprises 19 items, including tests of orientation,
attention, memory, language, and visual-spatial skills. The total
scorewas30,withhigher scores indicatingbetter cognitive function.

Executive function, one of the cognitive domains, is defined as
complex cognitive abilities that enable the identification of goals,
mental planning, behavior organization, and planning actions to
achieve these goals [28]. To evaluate executive function, the se-
mantic verbal fluency (VF) test and clock drawing test (CDT) were
used. VF reflects multiple dimensions of executive function of the
frontal and temporal lobes, and starts to be damaged from the
beginning of Alzheimer disease [29]. For the VF test, participants
were asked to speak as many names as possible in an animal
category for 1 min; subsequently, the number of correct animal
names was counted with higher counts indicating better executive
function [30]. The CDT evaluates cognitive abilities, including

Figure 2. Process of Participant Selection.
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auditory and visual comprehension, concentration, visuospatial
abilities, abstract conceptualization, and executive control [31]. For
CDT, participants were asked to draw a clock on paper and mark a
specific time on it. The Rouleau scoring system was used to calcu-
late the CDT score [32]. The total score ranges from 0 to 10, with
higher scores indicating better executive function.

Depressive symptoms
Depressive symptoms were evaluated using the 15-item Geri-

atric Depression Scale Short Form (GDS-SF) [33]. Each item has a
binary response format (yes/no), with scores ranging from0 to 15. A
higher score indicates more severe depressive symptoms. Depres-
sionwas considered present when the score was equal to or greater
than 6. The Korean version of the GDS-SF has been shown to have
good validity [34]. The Crombach's a of the GDS-SF was .80 previ-
ously [35], and .82 in this study.

Procedures and ethical considerations

This study was approved by the institutional review board of
Inha University (Approval No. 161118-1AR). To recruit participants,
the researcher contacted the directors of four regional geriatric
hospitals conveniently selected to receive approval for data
collection. The directors extracted the names of older adults who
met the inclusion criteria and provided the list to the researcher.
The researcher then visited the patients to explain the study pur-
pose and procedure and obtain written consent from each partic-
ipant. The patients were given time to consider participation or
discuss it with their family. When necessary, the researcher
explained the study purpose and procedure to their family via
phone call or in person. The older adults who voluntarily decided to
participate in this study were included. Subsequently, a research
assistant measured HRV and orthostatic BP, and assessed general
information and depressive symptoms via one-on-one interviews
for approximately 40 min. Clinical information, including diseases
diagnosed and medication taken, was collected by reviewing par-
ticipants’ electronic medical records. Participants who completed
all procedures were given a small gift as a reward.

Before visiting the participants, three research assistants were
educated on data collection protocols over an hour in advance. In
addition, they visited four participants together to observe data
collection procedures in the beginning and coordinated the details
of the protocols through discussion with the others to ensure
reliability.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics
25 for Windows (IBM, Armonk, USA). All continuous variables were
first assessed for normality using the ShapiroeWilk test. In
descriptive statistics, the mean with standard deviation and me-
dianwith interquartile range were demonstrated for variables with
normal distribution and those without it, respectively. The paired t-
test and Wilcoxon signed-rank test were used to compare HRV
indices during the orthostatic challenge. Because the changes in
HRV indices during the orthostatic challenge did not show normal
distribution, ranked ANCOVAwas used to compare changes in HRV
during the orthostatic challenge adjusted for antidepressant
medication with presence of depression. For ranked ANCOVA, the
residuals of ranked changes in HRV indices during orthostatic
challenge adjusted for antidepressants use were calculated, which
was analyzed depending on the presence of depression using
ANOVA. For univariate analyses for association between study
variables and fall experience in the current institutions, chi-square
tests, t-test, and the Mann-Whitney U test were used. Multiple

logistic regression was used to identify the influence of cognitive
function, autonomic nervous function, and depression on falls,
including age, sex, and other fall risk factors with p value< .10 in the
univariate analysis to avoid deleting less significant factors that
may have practical and clinical reasoning [36,37]. The level of sta-
tistical significance was set at p < .05. The HosmereLemeshow
goodness-of-fit statistic was used to check the model fit.

Results

One hundred and fifteen older adults participated in this study.
The mean age of the participants was 78.0 years old (SD ¼ 8.20),
and 73 (63.5%) were female (Table 1). The median education years
was 7 years with the interquartile range of 6, and 34 (29.5%) re-
ported themselves in poor financial status. Most participants did
not smoke or drink. The average duration of admission was
302.0 days. The most common disease diagnosed was hypertension
(40.1%), followed by musculoskeletal diseases (24.5%) such as
arthritis and osteoporosis.

Among the 115 participants, 17 (14.8%) had experienced falls in
the current institutions (Table 1). Further, 49 (40.8%) were classified

Table 1 Descriptive Statistics of Participants Characteristics and Study Variables
(n ¼ 115).

Variables n (%)

Age (years) Mean (SD) 78.00 (8.20)
Gender Men 42 (36.5)

Women 73 (63.5)
Education years Median (IQR) 7.00 (6.00)
Marital status Married 45 (39.1)

Widowed 65 (56.5)
Single 3 (2.6)
Divorced 2 (1.7)

Subjective financial status Good 8 (7.0)
Average 73 (63.5)
Poor 34 (29.5)

Smoking Never 80 (69.6)
Previous smoker 34 (29.5)
Current smoker 1 (0.9)

Drinking alcohol Previous drinker 59 (51.3)
Never 53 (46.1)
Sometimes 3 (2.6)

Admission duration (days) Mean (SD) 302.04 (146.83)
Underlying illness diagnoseda Hypertension 77 (40.1)

Musculoskeletal disease 47 (24.5)
Stroke 34 (17.7)
Cancer 16 (8.3)
Kidney disease 9 (4.7)
Parkinson disease 9 (4.7)

Fall experience in current hospitals Yes 17 (14.8)
No 98 (85.2)

Fall situation (n ¼ 17) Losing one's balance 5 (29.4)
Losing one's footing 4 (23.5)
Changing position 3 (17.6)
Walking on stairs 3 (17.6)
Others 2 (11.8)

Fall risk score High risk 49 (40.8)
Low risk 66 (57.4)

Previous fall for 1 year Yes 41 (35.7)
before admission No 74 (64.3)
MMSE-DS median (IQR) 23.00 (8.75)
Verbal fluency mean (SD) 8.51 (4.07)
Clock drawing test median (IQR) 8.00 (5.00)
Depressive symptoms median (IQR) 7.00 (3.00)

Yes (�6) 92 (80.0)
No (<6) 23 (20.0)

Orthostatic hypotension Yes 14 (12.2)
No 101 (87.8)

Note. IQR ¼ interquartile range; MMSE-DS ¼ mini-mental status examination for
dementia screening; SD ¼ standard deviation.

a Multiple diagnoses allowed to secondary diagnosis.
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into the high fall risk group based on the BMFRAS-SF. While the
median scores of the MMSE-DS and CDT were 23.0 and 8.0,
respectively, the mean score of the VF test was 8.51. Moreover, 92
participants (80.0%) had depression, with a GDS�6.

For HRV during the orthostatic challenge, SDNN significantly
increased from 18.50 millisecond to 20.30 millisecond (p ¼ .037)
(Table 2). nHF decreased from 46.9% to 41.6%, while nLF increased
from 54.5% to 58.9%, which was not significant. The other HRV
indices showed no significant changes during the orthostatic
challenge. None of the HRV indices was significantly related to the
presence of depression (Table 2).

In univariate analyses, older adults with fall experience in cur-
rent institutions were significantly younger than those without fall
experience (p ¼ .041) (Table 3). The MMSE-DS score (p ¼ .008) and
VF score (p¼ .036) were significantly higher in older adults with fall
experience in current institutions than in those without it. How-
ever, the CDT scorewas lower in older adults with fall experience in
current institutions although the difference was not significant.
Among HRV indices, nHF on lying was significantly higher in older
adults with fall experience in current institutions than in those
without it (p ¼ .047). There were no significant differences in high
fall risk assessed on BMFRAS-SF, presence of OH, and presence of
depression between older adults with fall experience in current
institutions and those without it.

In the multivariate logistic regression analysis, age, sex, and
factors with p values less than .10 were included. Only nHF on lying
was independently associated with falls (OR ¼ 1.03, 95%CI:
1.000e1.055 p ¼ .049) (Table 3). The HosmereLemeshow goodness
of fit was not significant (c2 ¼ 9.019, p ¼ .341), indicating adequate
model fit.

Discussion

This study was conducted to investigate the autonomic nervous
function during the orthostatic challenge using HRV measurement,
explore the involvement of autonomic nervous function in
depressive symptoms, and elucidate the association of cognitive
function, including executive function, autonomic nervous func-
tion, and depressive symptoms, with falls.

In this study, surprisingly, older adults who experienced falls in
current institutions were the ones with higher MMSE-DS scores,
better VF, and younger age. This result contradicts the prior finding
that cognitive impairment and older age have also been shown to
be intrinsic risk factors for falls [38]. The first thing to be considered
is that the participants have received general fall preventive care in
current institutions; the healthcare personnel have already taken

care of those with lower cognition and older age. Second, older
adults with older age and lower cognitive functions may have
refrained from walking around to have a lower chance of falling.
Mendes da Costa et al. [39] pointed out that older adults with older
age restricted their activity more than those with younger age
owing to fear of falling. Lastly, older age and lower general cognitive
ability may not increase risk of falls in institutionalized older adults
with MCI. A recent meta-analysis study by Hopkins et al. [40]
showed that fall-related factors were physical performances such
as gait and dual-tasking ability, rather than age or general cognitive
function, in older adults with MCI, consistent with the finding that
the association of age and cognitive ability with falls disappeared in
the multivariate analysis. Furthermore, they addressed that there
were no effective fall intervention programs to reduce falls for MCI
patients in previous studies. Therefore, another strategy focusing
on physical performance training and cognitive training targeting
for dual-task ability or working memory are needed for healthcare
personnel to prevent further falls among institutionalized MCI
older adults with relatively higher cognitive function and younger
age.

All of the participants had significantly increased SDNN upon
sitting, which is an appropriate transition to increased cardiac
reactivity. However, the increase in nLF and decreased nHF during
the orthostatic challenge did not reach a significant level, indicating
attenuated sympathetic/parasympathetic modulation. This is
consistent with a previous study [41], which addressed autonomic
dysfunction in both sympathetic and parasympathetic modulation
among community-dwelling older adults with MCI. Although
sympathetic modulation is believed to play an important role in
postural control [42] and maintained in some healthy older adults
[43], notably, a smaller increase in nLF was prominent among the
institutionalized older adults with MCI in this study. Thus, it seems
that the institutionalized older adults with MCI were vulnerable to
sympathetic modulation with a reduced capacity to accelerate
cardiac function during the orthostatic challenge. Failing to redis-
tribute autonomic balance during the orthostatic challenge has also
given rise to diminished quality of life [44]. Therefore, more
attention should be paid to autonomic dysfunction in institution-
alized older adults with MCI.

When exploring HRV in relation to falls, however, it was nHF on
lying that was significantly higher in older adults with fall experi-
ence in current institutions than in those without fall experience
although its significant level was somewhat marginal. In addition,
its influence outweighed that of cognitive function and others on
fall experience in current institutions. This is somewhat different
from the study of Razjouyan et al. [45] who suggested that nHF was

Table 2 Changes of Heart Rate Variability During Orthostatic Challenge and its Relation With Depression.

HRV during orthostatic
challenge

median (IQR) Za p Residuals of changes
in HRV during orthostatic
challengec mean (SD)

Depression Z p

Yes (n ¼ 92) No (n ¼ 23)

SDNN (millisecond) Lying 18.50 (19.10) �2.09 .037 △ in SDNN �1.82 (26.52) 7.30 (24.96) 1.616 .286
Sitting 20.30 (23.95)

RMSSD (millisecond) Lying 12.60 (26.10) �0.49 .628 △ in RMSSD �0.32 (26.77) 1.29 (28.51) 0.034 .855
Sitting 12.70 (24.90)

nHF (%), mean (SD) Lying 46.9 (23.83) 1.99b .050 △ in nHF 0.96 (26.77) �3.77 (26.48) 0.762 .386
Sitting 41.6 (22.97)

nLF (%), mean (SD) Lying 54.5 (23.76) �1.59b .114 △ in nLF 1.53 (26.65) �5.98 (26.34) 0.301 .586
Sitting 58.9 (22.65)

LF/HF (a.u) Lying 1.20 (2.10) �0.66 .510 △ in LF/HF 2.36 (25.83) �9.44 (34.58) 1.742 .192
Sitting 1.40 (2.60)

Note. HRV¼ heart rate variability; IQR¼ interquartile range; nHF¼ normalized high frequency; nLF¼ normalized low frequency; RMSSD¼ rootmean square of the successive
differences; SD ¼ standard deviation; SDNN ¼ standard deviation of normal RR intervals.

a Wilcoxon signed rank test.
b t-test.
c Adjusted for taking antidepressants.
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low in patients with a high fall risk. This discrepancy may be due to
the fact that most participants in the previous study were adults
and young older adults. As parasympathetic modulation appeared
to be maintained during the aging process, whereas other HRV
indices were reduced [46], parasympathetic modulation in older
adults might be preserved more than sympathetic modulation,
which contributes to fall occurrence. Indeed, LF/HF in the prior
study was approximately 3.8, which is much greater than 1.3 in this
study. Moreover, institutionalized older adults may be on medica-
tions that reinforce parasympathetic activity and weaken
sympathetic activity, such as antidepressants and various antihy-
pertensives. Thus, increased parasympathetic activity during lying
likely plays a key role in the occurrence of falls in institutionalized
older adults. On the other hand, there was no significant difference
in the presence of OH between older adults with fall experience in
current institutions and those without it. There have been contro-
versies regarding OH as a significant risk factor for falls [47]. A
recent meta-analysis reported that OH was associated with time to
fall incidence, not with fall occurrence itself [48], in line with the
findings of this study. Considered together, autonomic nervous
function assessment based on HRV is likely more sensitive than OH
assessment for evaluating fall risk in institutionalized older adults
with MCI.

In this study, depressive symptoms were not associated with
falls. This is contrary to a prior result that depression increased the
risk of falls in community-dwelling older adults [49]. This may be
because of the severity of the depressive symptoms. The partici-
pants in the prior study were relatively low depressed, with a
prevalence of depression of only 10.0% and free-living in commu-
nity settings. However, in the study [49], 86.4% of older adults were

depressed, with a GDS >5. Further, Kami�nska, Brodowski, and
Karakiewicz [50] suggested there was no difference in depressive
symptoms between fallers and nonfallers, but depressive symp-
toms were involved in the number of falls. Therefore, depressive
symptoms seem to have little relevance to fall occurrence in insti-
tutionalized older adults with severe depression.

In addition, depressive symptoms were not related to changes of
HRVduringorthostatic challenge in this study,whereas Luo et al. [51]
addressed reduced HRV function in older adults with depression.
This difference might come from the type of antidepressant medi-
cations that were taken by some depressive older adults. Some of
prior studies addressed antidepressant agents from different classes
may differentially impact HRV, addressing tricyclic antidepressants
decrease HRV and selective serotonin reuptake inhibitors do not or
do so to a lesser extent [52,53]. In this study, taking antidepressants
was adjusted but type of antidepressantswas not, whichmay lead to
the inconsistency. Because the involvement of antidepressants in
HRV alterations in depressive patients is still somewhat debatable,
further research is needed to investigate the different effect of an-
tidepressants on HRV in older adults with depression.

This study has certain limitations. First, fall occurrence was
retrospectively investigated in a small number of older adults who
experienced falls. Prospective research with larger sample sizes is
needed to follow up fall occurrence to identify contributing factors
to falls in the future. Second, the measurement of HRV was as short
as 5 min and performed only once. However, as HRV measurement
for 5 min was reported to be stable compared to that for 24 h [54]
and performed in a relatively consistent time frame, it would be
worthy of being accepted. Third, the effects of medications could
not be controlled for HRV although those were controlled for falls.

Table 3 Associated Factors of Fall Experience in Current Hospitals (n ¼ 115).

Variables Univariate analysis Multivariate analysis

Fall experience in current hospitals,
n (%)

Mann-Whitney's U or c2 p Fall experience in current
hospitals, Yes

Yes (n ¼ 17) No (n ¼ 98) Exp(B) CI p

Age, mean (SD) 74.29 (7.16) 78.62 (8.23) 2.04a .044 0.98 0.896e1.080 .735
Gender Men 6 (35.3) 36 (36.7) 0.01 .915 e e e

Women 11 (64.7) 62 (63.3) 1.29 0.324e5.091 .721
Education years, median (IQR) 9.00 (6.00) 9.00 (6.00) 812.00 .765 e e e

Admission duration 792.50 (1180.75) 311.00 (896.00) 22.00 .282 e e e

Previous fall before admission Yes 8 (47.1) 33 (33.3) 1.20 .274 e e e

No 9 (52.9) 65 (66.7) e e e

Fall risk High risk 13 (76.5) 52 (53.1) 3.23 .060b 5.23 0.992e27.542 .051
Low risk 4 (23.5) 46 (46.9) e e e

MMSE-DS, median (IQR) 26.50 (4.75) 22.00 (15.00) 504.00 .008 1.10 0.919e1.321 .293
Verbal fluency, mean (SD) 10.41 (4.00) 8.19 (4.01) �2.12a .036 1.04 0.816e1.329 .744
Clock drawing test, median (IQR) 7.50 (4.00) 8.00 (9.00) 624.00 .424 e e e

Depressive symptoms Yes 13 (76.5) 79 (80.2) 0.13 .748 e e e

No 4 (23.5) 19 (19.8) e e e

Orthostatic hypotension Yes 1 (5.9) 13 (13.1) 0.72 .689b e e e

No 16 (94.1) 85 (86.9) e e e

Heart rate variability
SDNN (millisecond) median (IQR) Lying 18.00 (27.40) 20.30 (19.00) 609.50 .956 e e e

Sitting 21.60 (34.03) 20.70 (25.05) 548.50 .552 e e e

RMSSD (millisecond) Lying 12.00 (34.90) 12.60 (23.30) 597.50 .861 e e e

median (IQR) Sitting 13.90 (38.48) 12.80 (20.55) 450.00 .112 e e e

nHF (%), mean (SD) Lying 58.69 (22.07) 44.92 (23.89) �2.01a .047 1.03 1.000e1.055 .049
Sitting 39.96 (25.35) 41.82 (22.37) 0.29a .774 e e e

nLF (%), mean (SD) Lying 48.31 (24.92) 55.67 (23.76) 1.09a .277 e e e

Sitting 60.03 (25.37) 58.77 (22.14) �0.20a .843 e e e

LF/HF (a.u), median (IQR) Lying 1.00 (2.20) 1.30 (2.10) 552.00 .529 e e e

Sitting 1.15 (2.20) 1.80 (2.80) 553.50 .586 e e e

Constant e e e e 0.00 .208

Note. IQR: interquartile range; MMSE-DS: mini-mental status examination for dementia screening; nHF: normalized high frequency; nLF: normalized low frequency; RMSSD:
root mean square of the successive differences; SD: standard deviation; SDNN: standard deviation of normal RR intervals.

a t-test.
b Fisher's exact test.
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Further research is needed to determine the types of antidepres-
sants, antihypertensives, and other cardiac medications that affect
autonomic nervous activity. Finally, we cannot help pointing out
missing variable bias because only seven predictors were included
in the final logistic regression model, which may lead to no pre-
dictor except for the one marginally significant factor, nHF on lying.

Conclusion

In this study, fall experience in current institutions was signifi-
cantly associated with younger age and better cognitive function.
Therefore, another strategy is needed for healthcare personnel to
prevent further falls among MCI older adults with younger age and
higher general cognitive function. Further, institutionalized older
adults with MCI had attenuated sympathetic/parasympathetic
modulation, and higher nHF on lying was independently associated
with fall experience in current institutions. Thus, parasympathetic
function based on HRV assessment should be considered as a sig-
nificant factor for evaluating fall risk. Depression was not signifi-
cantly associated with HRV or falls. In the future, studies with
prospective fall follow-up in a large population considering medi-
cations, and their effects on a relationship between depression and
HRV are needed.
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s u m m a r y

Purpose: Controlling blood pressure minimizes the risk of cardiovascular events among patients with
hypertension. Despite regular follow-ups, the hypertension management for patients aged �45 years is
limited as evidenced from a decreased control rate. This pilot study aimed to test a theory-guided
educational program for community-dwelling patients with hypertension.
Methods: Sixty-nine patients with hypertension aged �45 years and having high blood pressure (>130/
80 mmHg) were recruited in this two-arm pilot randomized controlled trial. Participants in the inter-
vention group underwent a program guided by the Health Promotion Model, whereas those in the
control group received usual care. Data were collected at baseline, week 8, and week 12 and used to
assess the blood pressure, pulse pressure, self-efficacy, and adherence to hypertension management.
Data were analyzed using a generalized estimating equation based on the intention-to-treat principle.
Process evaluation was conducted to assess the feasibility and acceptability of the educational program.
Results: The results obtained using the generalized estimating equation revealed that the educational
program led to reduction in the systolic blood pressure (b ¼ �7.12, p ¼ .086) and pulse pressure
(b ¼ �8.20, p ¼ .007) and to improve self-efficacy (b ¼ 2.61, p ¼ .269) at week 12. The program had a
small-to-moderate effect on the reduction of systolic blood pressure (effect size ¼ �0.45) and pulse
pressure (effect size ¼ �0.66) and self-efficacy (effect size ¼ 0.23). The participants were highly satisfied
with the educational program.
Conclusions: The educational program was found to be feasible and acceptable and may be incorporated
into current hypertension management practices at the community level.
Trial registration: ClinicalTrials.gov with identifier: NCT04565548.
© 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

Hypertension, defined as persistent elevated blood pressure
(BP), affects more than 1 billion peopleworldwide [1]. Uncontrolled
hypertension can lead to various adverse outcomes, including heart
diseases, stroke, and chronic kidney disease [2]. According to the
Global Burden of Diseases study, hypertension is the leading global
risk factor accounting for 10.8 million attributable deaths

worldwide in 2019 [3]. Thus, many national and international in-
stitutions, including the American Heart Association and the In-
ternational Society of Hypertension, have developed guidelines for
hypertension management and continue to post regular updates
[4e7]. These guidelines recommend medication and lifestyle
modifications (i.e., healthy eating, regular exercise, maintaining
optimal body weight, smoking cessation, and limited alcohol con-
sumption) to effectively control BP. However, the Non-
communicable Disease Risk Factor Collaboration reported that
only 50% of the treated patients with hypertension achieved a
controlled BP, that is, a systolic blood pressure (SBP) of <140 mmHg
and diastolic blood pressure (DBP) of <90 mmHg [8]. The Macau
Health Bureau also reported that 49.9% of the treated patients with
hypertension achieved a controlled BP and that this rate was
decreased in patients aged �45 years [9]. Moreover, the BP control
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rate among treated Chinese patients with hypertension was only
37.5%, and the rate was decreased in patients aged �45 years.

Nonadherence to hypertension management (i.e., medication
and lifestyle modifications) is a major limiting factor for BP control
[2,4]. A systematic review of 61 observational studies revealed a
medication adherence rate of 55.3% among patients with hyper-
tension [10]. A couple of studies reported low adherence to lifestyle
modifications (23.6%e27.4%) [11,12]. Furthermore, a secondary
analysis of a national dataset revealed that the rate of adherence to
lifestyle modifications among patients with hypertension was as
low as 1.7% [13]. The national data showed that patients with hy-
pertension tended not to practice lifestyle modifications (odds ratio
0.48e0.53) [14]. Of note, health education can effectively improve
adherence to medication and lifestyle modifications and signifi-
cantly reduce SBP and DBP among patients with hypertension
[15e17]. Furthermore, a meta-analysis showed that health educa-
tion could significantly enhance self-efficacy among patients with
hypertension [18]. Supportive techniques, such as writtenmaterials
and text messaging, can enhance the effects of health education on
hypertension management [19,20]. However, evidence on the
theoretical framework of hypertension studies is insufficient, and
this has limited our understanding of the associated behavioral
changes [16,21,22].

On the other hand, the analysis of 169,613 individuals aged
40e69 years found that pulse pressure was a significant predictor
of new onset of hypertension-related adverse outcomes [23], but
very limited study assessed the pulse pressure among patients with
hypertension.

Taking together, the currently available hypertension manage-
ment for patients to achieve a controlled BP is insufficient.
Although health education could be an effective intervention in
terms of hypertension management, evidence on theory-guided
interventions is limited. This pilot study aimed to test a theory-
guided educational program for community-dwelling patients
with hypertension.

Methods

Aims

This study aimed to test the preliminary effects of a theory-
guided educational program on hypertension management and
compare the effects of this programwith those of usual care among
patients with hypertension. The following outcomes were
compared: BP, pulse pressure, self-efficacy in hypertension man-
agement, and adherence to hypertension management. Moreover,
process evaluation was conducted to examine the feasibility
(recruitment rate and retention rate) and acceptability (participant
satisfaction and usefulness of the program for hypertension man-
agement) of the program.

Study design

This two-arm, prospective, multicenter, pilot randomized
controlled trial (RCT) was conducted in accordance with the
Consolidated Standards of Reporting Trials statement was followed
[24]. The study was registered with the ClinicalTrials.gov (identi-
fier: NCT04565548) before the baseline data collection. Eligible
participants were randomly assigned to either an intervention
group or a control group in a 1:1 ratio and were followed up twice
(at weeks 8 and 12).

Setting and sample

The study was conducted at four community centers (two in
Macau and two in Shenzhen) that offer various health-related ac-
tivities to both members and nonmembers in communities. Macau
and Shenzhen are located in the Greater Bay Area in southern
China; these two cities were selected because they share similar
cultural traditions and eating habits [25]. The staff of the centers
called their members to come for screening, and posters of this
study were posted in visible public areas for those interested
nonmembers.

By estimating a medium effect (Eta squared ¼ 0.05), Hertzog
suggested a 2-arm pilot study should include 35 participants per
group to achieve a power of 80.0% at a 5.0% level of significance in a
two-tailed repeated measure [26].

Inclusion and exclusion criteria

The criteria for inclusion in this study were as follows: (1) age
�45 years; (2) a diagnosis of hypertension and use of at least one
anti-hypertensive drug; (3) ability to use a mobile phone to read
text messages; (4) SBP of 131e159 mmHg or DBP of
81e99 mmHg (as a BP of <130/80 mmHg helps patients with
hypertension to significantly lower their risk of cardiovascular
events [27,28]); and (5) a Mini-Cog score of �3 (cognitive
competence was required to understand the contents of the
educational program; this threshold indicates a lower likelihood
of cognitive impairment [29]).

Randomization and allocation concealment

In each study venue, the eligible participants were randomly
assigned. The permuted block randomization, with a block size
of four, was used. The allocation sequence was computer
generated using an online tool (http://www.randomization.com)
by an independent assistant who was not affiliated with the
study. Small cards indicating the group allocation were placed in
sequentially numbered, opaque, sealed envelopes. The partici-
pants opened the envelopes after the completion of baseline
data collection. The participants from different groups visiting
the same community center were then called to join the group
health education on different date and time to minimize subject
contamination.

Interventions material

Intervention group
The participants in the intervention group received an

educational program that was developed according to the
framework of the Health Promotion Model [30]. The program
consisted of health education, a summary leaflet, and text
messaging to increase the participants' cognition with respect to
hypertension managementerelated adherence behaviors. The
construct-matched interventions and methods are shown in
supplementary material, Table S1. Some interactive elements,
such as practice for measuring BP and discussion on healthy
cooking, were added to the health education component. Inte-
gration of hypertension management into daily life was
emphasized. For example, a daily alarm was set in the health
education to remind taking medication regularly. Natural herbs,
such as star anise and clove, were introduced to substitute the
use of salt. Some packed foods were provided to practice how to
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read and understand the food label. Also, an indoor 6-min ex-
ercise was practiced together that facilitated participants to do
exercise at anywhere and anytime. The health education content
was adopted from the educational manual developed by the
World Health Organization [31] and was validated by five ex-
perts in the fields of community nursing, family medicine,
nutrition, and academics with a good content validity index
(0.85). The leaflet summarized the hypertension-related
knowledge, and quick response (QR) codes were added to
enable the participants to practice some exercises at their con-
venience. The text message content was adopted from other
hypertension studies and international organizations, with
modifications made at the local level [32e34]. Practical aspects
were focused. For example, a message of adding one fist-sized
fruit and four taels (unit of measurement used in China) of
vegetable in each lunch, and dinner was delivered. Making
healthy choice when eating outside was also included in the
pool of text messages.

One face-to-face group health education was conducted in
groups of 4e8 after baseline data collection and group allocation.
This session was administered by the first author, a registered
nurse, who did not participate in data collection. The session lasted
for 45 min, and a leaflet was given to the participants at the end.
Weekly one-way text messages were sent to the participants' mo-
bile phones for 12 weeks. Each message covered a behavior tax-
onomy, and each participant received the standardized content.

Control group
The differences and similarities of interventions between

intervention and control groups were summarized in supplemen-
tarymaterial, Table S2. In brief, the participants in the control group
received a face-to-face group health education session, adminis-
tered by an independent community nurse. The content was
directly adopted from the government (usual care) in the form of
lecture with no interactive element. After routine health education,
a leaflet from the government was given to the participants. Text
messages related to general health practices, such as washing of the
hands after coughing or sneezing, were delivered to the partici-
pants every week for 12 weeks.

Study outcomes

The study outcomes included BP (primary outcome), pulse
pressure, self-efficacy in hypertension management, adherence to
hypertension management, and process evaluation.

BP, including SBP and DBP, was measured using a validated
upper-arm BP monitor manufactured by Rossmax (model AU941)
[35]. A standardized BP measurement procedure was adopted from
the Chinese Guidelines for Prevention and Treatment of Hyper-
tension [7]. In brief, the research assistant (RA) placed an appro-
priately sized cuff on the participant's upper arm at the heart level.
Two BP readings (1-min apart) were obtained from the same arm.
SBP and DBP were recorded as the means of two BP readings.

Pulse pressure, which is the difference between SBP and DBP,
was the secondary outcome in this study.

Self-efficacy was measured on a 10-point Likert scale, namely,
Self-Efficacy for Managing Chronic Disease (SEMCD). The SEMCD
comprises six items with a higher score indicating a higher level of
self-efficacy [36]. The Chinese version of SEMCD showed good in-
ternal consistency (0.88e0.98) [37,38] and was feasible for assess-
ing Chinese patients with hypertension [37] and Chinese older
adults [39].

The Treatment Adherence Questionnaire for Patients with Hy-
pertension (TAQPH) was used to measure adherence to hyperten-
sion management. TAQPH comprises 28 items measured on a 4-

point Likert scale [40]. The total score ranged from 28 to 112, and
a higher score indicates a higher level of adherence behavior.
TAQPH, which was originally written in Chinese, has good reli-
ability (internal consistency ¼ 0.86; test-retest reliability ¼ 0.82)
and construct validity (goodness of fit index ¼ 0.99; root mean
squared error of approximation ¼ 0.038) and can explain 62.5% of
variance in adherence to hypertension management among pa-
tients [40].

The process evaluation included assessment of the recruitment
rate, retention rate, and participants' satisfaction with the pro-
gram. A numerical program satisfaction rating scale was adopted
from Ashe et al [41] and van Berckel et al [42]. This was an 11-
point scale and was scored from 0 to 10, with 0 indicating not
satisfied and 10 indicating highly satisfied. The 11-point scale was
also used to rate the usefulness of the program components
(health education, leaflet, and text messaging) for hypertension
management.

Demographic data (e.g., age, gender, and education level), family
history, and medical consultations were collected at baseline.

Ethical consideration

This study was approved by the Human Subjects Ethics Sub-
committee of the Hong Kong Polytechnic University before the
baseline data collection (Approval no. HSEARS20200821002-02).

Data collection

Trained RAs explained the study details to the potential partic-
ipants and assessed their eligibility. Next, written informed consent
was obtained from the participants, and RAs collected the partici-
pants' baseline data before the start of the intervention. The in-
terventions were provided according to the randomization
assignment and protocol. The same set of study outcomes was
obtained at the follow-ups after the health education session. In
summary, data collection was completed at three time points by
RAs who were blinded to the group allocation: baseline (T0), week
8 (T1), and week 12 (T2).

Data analysis

SPSS for Windows (version 26; IBM) was used for data analysis.
Baseline characteristics were examined using the Chi-square test or
Fisher's exact test for categorical variables. The Shapiro-Wilk test
and Levene's test were used to examine the normality and homo-
geneity of the continuous data. An independent t-test was used if
the assumptions were not violated; otherwise, ManneWhitney U
test was used. The generalized estimating equation (GEE) based on
the intention-to-treat principle was used to estimate the effects of
the educational program on SBP, DBP, pulse pressure, self-efficacy,
and adherence to hypertension management between two groups
at T0, T1, and T2. Two-tailed tests were used for all data analyses,
and significance was set at P < .05. The last observation carried
forward was used to handle the missing data. Effect size was used
to evaluate the clinical importance of all continuous variables and
was determined as follows: small ¼ 0.2; moderate ¼ 0.5; and
large ¼ 0.8 [43].

Results

The study was conducted between February and December
2021. Figure 1 presents a diagram of the flow of participants
through the trial. A total of 150 individuals were screened for
eligibility; 18 individuals denied participation before screening, and
51 individuals did not meet the eligibility criteria. Eighty-one
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Figure 1. Flow of Participants through the Trial.
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individuals met the eligibility criteria, but 12 of those denied
participation after screening. Finally, 69 individuals were included
and randomly assigned to either the intervention group (n ¼ 35) or
the control group (n ¼ 34). Both groups included participants from

Macau and Shenzhen. No significant difference was noted in the
demographic data of the individuals who completed the study and
those who dropped out of the study. The recruitment rate was
85.2% (69/81).

Participant characteristics and baseline outcomes

The characteristics of the participants in the intervention and
control groups are listed in Table 1. The mean participant age was
67.39 ± 9.98 years. The majority of the participants were women
(72.5%) and married (79.7%). Most of the participants were unem-
ployed or retired (76.8%). Most of the participants (81.2%) had
completed primary school or higher. Appropriately 56.5% of the
participants had a family history of hypertension. Nearly 52.2% of
the participants had hypertension for more than 10 years. No sta-
tistically significant difference in any of these parameters was
noted between the two groups.

For all outcome variables at baseline (T0), no statistical signifi-
cance was noted between both groups (Table 1). The mean SBP of
the participants in both groups was similar. Although themean DBP
was higher in the control group than in the intervention group, the
difference was not statistically significant. The mean pulse pressure
in the intervention and control groups was 67.88 mmHg and
63.20 mmHg, respectively. The mean SEMCD and TAQPH scores
were similar in both groups.

Effect of the educational program on the study outcomes

The means and standard deviations of the outcomes and effect
sizes were summarized in Table 2. Compared with that in the
control group, the educational program in the intervention group
produced a small effect size to improve self-efficacy (effect
size ¼ 0.230), a small-to-moderate effect size to reduce SBP (effect
size ¼ �0.450), a moderate effect size to reduce pulse pressure
(effect size ¼ �0.667), and a very small effect size on the remaining
outcomes.

Figure 2 shows the changes of all outcomes across T0, T1, and
T2. The SBP and pulse pressure in the intervention group
reduced the most at T1 but returned at T2, like a V-shape
(Figure 2A and C). The DBP in the intervention group was
decreased gradually (Figure 2B), whereas an increasing trend
was noted in the change of self-efficacy at T1 and T2 (Figure 2D).
The overall treatment adherence in the intervention group was
merely unchanged (Figure 2E).

Table 1 Participant Characteristics and Outcome Variables at Baseline.

Variables Intervention
(n ¼ 35), n (%)

Control
(n ¼ 34), n (%)

Chi-square
(df)/Mann-Whitney

/t-test

p

Age (yr),a mean
(SD)

66.82 (10.5) 67.97 (9.5) 602.0 .937

Gender 2.02 (1) .155
Men 7 (20.0) 12 (35.3)
Women 28 (80.0) 22 (64.7)

Marital status 0.29 (1) .590
Married 27 (77.1) 28 (82.4)
Others 8 (22.9) 6 (17.6)

Work status 0.004 (1) .947
Working 8 (22.9) 8 (23.5)
Unemployed
or retried

27 (77.1) 26 (76.5)

Education level 0.06 (3) .995
No formal
education

7 (20.0) 6 (17.7)

Primary
school

8 (22.8) 8 (23.5)

Junior
secondary

10 (28.6) 10 (29.4)

Senior
secondary
and above

10 (28.6) 10 (29.4)

Family history
of
hypertension

0.46 (2) .792

Yes 21 (60.0) 18 (52.9)
No 7 (20.0) 9 (26.5)
Unclear 7 (20.0) 7 (20.6)

Diagnosed with
hypertension

2.08 (3) .554

<4 yr 7 (20.0) 12 (35.3)
5e9 yr 8 (22.9) 6 (17.6)
10e14 yr 7 (20.0) 5 (14.7)
�15 yr 13 (37.1) 11 (32.4)

Kind of
medications
used every
day,a mean
(SD)

3.00 (1.86) 3.05 (1.80) 612.0 .839

Change of
prescription
over the last
3 monthsb

.477

Yes 3 (8.6) 5 (14.7)
No 32 (91.4) 29 (85.3)

Outcome
variables,
mean (SD)
Systolic
blood
pressurea

146.64 (9.99) 145.38 (9.20) 549.50 .588

Diastolic
blood
pressure

78.75 (9.07) 82.17 (10.73) 1.43 .157

Pulse
pressure

67.88 (12.12) 63.20 (10.68) �1.69 .093

SEMCD
(range 6e60)

43.65 (8.16) 43.32 (9.25) �0.15 .874

TAQPH
(range 28
e112)a

92.94 (10.28) 91.94 (10.25) 566.50 .736

Note. SD ¼ standard deviation; SEMCD ¼ self-efficacy for managing chronic disease;
TAQPH ¼ treatment adherence questionnaire for patients with hypertension. Itali-
cized values were the results of t test analysis.

a Mann-Whitney U test.
b Fisher's exact test.

Table 2 Results of Study Outcomes at Follow-ups.

Variables, mean (SD) Intervention (n ¼ 35) Control (n ¼ 34) Effect size

Systolic blood pressure
Week 8 132.65 (11.29) 135.78 (15.63) �0.20
Week 12 136.00 (14.25) 140.31 (18.70) �0.45

Diastolic blood pressure
Week 8 76.75 (9.01) 76.83 (11.72) 0.59
Week 12 76.03 (9.63) 77.44 (9.56) 0.08

Pulse pressure
Week 8 55.67 (11.83) 58.94 (13.98) �0.79
Week 12 60.00 (14.48) 62.87 (15.45) �0.66

SEMCD
Week 8 43.86 (7.89) 44.14 (11.19) �0.07
Week 12 45.65 (7.45) 43.66 (7.88) 0.23

TAQPH
Week 8 92.82 (9.61) 92.32 (9.43) �0.07
Week 12 92.96 (8.74) 91.14 (11.51) 0.04

Note. SD ¼ standard deviation; SEMCD¼ self-efficacy for managing chronic disease;
TAQPH ¼ treatment adherence questionnaire for patients with hypertension.
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The GEE results of the outcomes across T0, T1, and T2 between
the two groups are presented in Table 3. At T1, the reduction of DBP
in the control group was significantly greater than that in the
intervention group (b ¼ 4.826, p ¼ .017); however, at T2, the
reduction of DBP in both the groups was not statistically significant.
The GEE results revealed that the reduction in pulse pressure was
greater in the intervention group than in the control group at both
T1 and T2 and that the differences were statistically significant (T1:

b ¼ �8.175, p ¼ .006; T2: b ¼ �8.203, p ¼ .007). The GEE results of
the remaining outcomes were not statistically significant.

Process evaluation

The feasibility of the program was evaluated based on the
recruitment rate (85.2%, 69/81) and the overall retention rate at T2
(81.2%, 56/69; Figure 1). Program acceptability was shown in

Figure 2. The Changes of Outcome Variables at Week 8 (T1) and Week 12 (T2): (A) systolic blood pressure, (B) diastolic blood pressure, (C) pulse pressure, (D) self-efficacy, and (E)
treatment adherence.
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supplementary material, Table S3. The overall satisfaction with the
program was 8.79 of 10. Regarding the content of the program for
hypertension management, the participants agreed that the con-
tent of the health education, leaflet, and text message was useful
and sufficient. No adverse event was reported.

Discussion

This study aimed to test the preliminary effects of a theory-
guided educational program on hypertension management. No
significant differences were noted in the baseline characteristics
and outcomes between the intervention and control groups. The
educational program had a small-to-moderate effect on the
reduction of the participants' SBP and pulse pressure and the
improvement of self-efficacy at T2. Comparedwith the baseline, the
SBP, DBP, and pulse pressure were decreased at T2 after the
educational program; the self-efficacy was increased, and the
treatment adherencewasmerely unchanged. The results of the GEE
analysis indicated that the reduction of pulse pressure in the
intervention group was statistically significant at T1 and T2. The
recruitment and retention rates were good, indicating that the
educational program was feasible. The good satisfaction and con-
tent scores indicated the program was highly appreciated.

The reduction of SBP and pulse pressure and improvement of
self-efficacy in this study could be related to the design of the
educational program. The demonstrations and practices in the
health education allowed the participants to have a mastery
experience, which could enhance their self-efficacy [44]. The dis-
cussion could help them overcome difficulties in their daily hy-
pertension management, whereas they could share their

experience and learn from peers. A systematic review found that
the peer support interventions could have a small effect to reduce
SBP but not DBP [45]. Furthermore, the QR codes on the leaflet and
the practical information of text messages could reinforce the
practice to integrate hypertension management into daily life.

Although the reduction in SBP was not statistically significant,
the reduction noted upon group health education was similar to
that noted through individual health education. In the RCTs con-
ducted by Wan et al [46] and Jahan et al [47], individual health
education with text messaging was administered to the partici-
pants in the intervention group; the net SBP reduction in the
intervention group at week 12 was 9.86 mmHg and 9.00 mmHg,
respectively. As evident from the net SBP reduction at week 12 in
the present study (146.64 � 136.00 ¼ 10.64 mmHg), group health
education with interactive elements in this study resulted in a
better SBP reduction than individual health education. Further-
more, group health education was cost-effective because one
interventionist could attend to multiple participants per session.
The nonsignificant SBP reduction results might be attributable to
the small sample size of the present study. The nonsignificant DBP
reduction results might be attributable to the low baseline DBP
value among the participants in the intervention group had been in
the optimal level of DBP [27,28].

Pulse pressure also was evaluated in recent hypertension
studies. Nolan et al [48] developed a web-based educational pro-
gram comprising videos, online reading material, and monitoring
forms; they reported that the program could significantly decrease
pulse pressure at 16 weeks. Similarly, Chen et al [49] developed and
implemented a web-based educational program comprising videos
and monitoring forms and noted a significant decrease in pulse
pressure at 12 weeks. However, compared with the present study,
the aforementioned studies required the participants to have a
greater level of digital competence. The present study was
comparatively simple as the participants were only required to
attend one group health education session and read a message
every week. Despite this, the educational program in this study
significantly reduced the pulse pressure of patients with hyper-
tension to an optimal range [50].

In this study, the participants' self-efficacy showed a positive
improvement after the educational program, although the change
was not statistically significant. Although Chen et al [49] noted a
significant improvement in the participants' self-efficacy at
12 weeks using SEMCD, it can be argued that the baseline self-
efficacy of their participants (33.66 ± 9.11) was lower than that of
the participants in this study (43.65 ± 8.16). Moreover, the old age
of the participants in this study might be responsible for the
nonsignificant changes in the self-efficacy because behavioral
changes were found to have a small effect on improving self-
efficacy among older adults [51]. Finally, the TAQPH score in this
study was high. A ceiling effect was suggested, which might limit
the effect of the educational program on overall treatment adher-
ence and cause a nonsignificant result in GEE analysis [52].

Limitations

This study has some limitations. The results should be inter-
preted cautiously because of the small sample size. It remains un-
clear whether the program would be effective for uninterested,
excluded, or younger people with hypertension. The participants
may have recognized their group allocations based on the text
message content. Moreover, participants from different groups
visiting the same community center may have communicated with
each other. However, such communication was limited because the
centers had reduced their activities during the COVID-19 pandemic,
and the health education sessions and follow-ups for the

Table 3 Results of the Generalized Estimating Equation Analysis.

Variables Beta 95% Confidence interval p

Upper Lower

Systolic blood pressure
Group 1.26 �3.20 5.72 .580
T1 �10.19 �15.62 �4.76 <.001*
T2 �3.57 �9.10 1.95 .205
Group*T1 �3.41 �10.68 3.86 .358
Group*T2 �7.13 �15.26 1.00 .086

Diastolic blood pressure
Group �3.42 �8.05 1.21 .148
T1 �5.70 �8.85 �2.55 <.001*
T2 �3.01 �6.06 0.03 .052
Group*T1 4.82 0.87 8.78 .017*
Group*T2 0.34 �3.86 4.54 .872

Pulse pressure
Group 4.68 �0.63 9.99 .084
T1 �4.69 �8.54 �0.84 .017*
T2 0.17 �3.89 4.34 .934
Group*T1 �8.17 �13.96 �2.38 .006*
Group*T2 �8.20 �14.20 �2.20 .007*

SEMCD
Group 0.33 �3.72 4.39 .872
T1 0.31 �2.99 3.61 .856
T2 �0.15 �3.49 3.18 .928
Group*T1 0.55 �4.15 5.25 .818
Group*T2 2.61 �2.02 7.24 .269

TAQPH
Group 1.00 �3.77 5.77 .681
T1 �0.08 �3.61 3.43 .961
T2 �1.01 �5.89 3.87 .685
Group*T1 0.29 �4.42 4.99 .904
Group*T2 0.77 �4.90 6.45 .789

Note. SEMCD ¼ self-efficacy for managing chronic disease; TAQPH ¼ treatment
adherence questionnaire for patients with hypertension.
*p < .05.
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intervention and control groups were scheduled on different dates
to minimize subject contamination. Furthermore, both SEMCD and
TAQPH were administrated by trained RAs and self-reported by the
participants; hence, the high scores could be related to the social
desirability bias [52].

Implications

The results of this pilot RCT, that is, the effect sizes and process
evaluation, provide valuable information for further research. The
construct-matched interventions may be applicable to other hy-
pertension studies guided by the Health Promotion Model. A
reinforcement educational intervention, such as health education
session or phone call, at week 8 is recommended and should be
included in future studies. A website link could be included in the
text messages to enable the patients to watch videos related to
hypertension management [53]. Furthermore, the follow-up
duration should be increased to assess the sustainable effects of
the educational program. Given the significant reduction in pulse
pressure noted in this study, future studies should examine
whether the educational program is suitable for people at risk of
cardiovascular diseases. However, the overall adherence to hyper-
tension management was unchanged. Record of exercise and diet
might help participant monitor their lifestyle behaviors. Other
objective measures can be used in future studies; for example, daily
step counts can be used to monitor whether the patient adheres to
the recommended activity level. Blood lipid profile and glucose
might be the indicators of healthy diet.

This study also has implications in clinical practice. Because the
educational program is feasible and acceptable in the community
setting, it can be added to current hypertension management
practices at the community level. For example, after health edu-
cation, weekly text messages can be delivered to patients with
hypertension to increase their engagement with hypertension
management practices. The program is also fit for communities
with limited personnel, training, and economic resources. The
construct-matched interventions and methods shown in Table S1
listed out the essentials in applications of health promotion
model for patients with hypertension.

In brief, the interactive elements in the health education and the
use of technology, that is, QR code and text messages, showed a
favorable effect to improve the health of patients with hypertension
in the pilot study. The results of process evaluation showed that the
program was highly appreciated, and the retention rate and effect
size of outcome variables provided accurate sample size calculation
for future study.

Conclusion

The educational program helped community-dwelling patients
with hypertension improve their clinical outcomes and self-
efficacy. This program can be incorporated into current hyperten-
sion management practice. The good retention rate and satisfaction
rates indicate that it may be feasible to test the effectiveness of the
program in a future larger-scale study.
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s u m m a r y

Purpose: Our study aimed to evaluate the effectiveness of the nursing care program on the incidence and
rate of 28-day hospital readmissions among pulmonary tuberculosis (TB) patients.
Methods: We conducted a quasi-experimental study using a historical control (usual care) group. Pa-
tients diagnosed with pulmonary TB who received nursing interventions between January 28, 2021, and
May 31, 2021, were categorized as an intervention group, whereas historical controls were selected from
January 1, 2020, to December 31, 2020. The primary outcomes were the incidence and rates of hospital
readmissions within 28 days due to TB-related complications. The secondary outcome was the change in
knowledge and self-care behavior scores at discharge and 28 days postdischarge. Cox models were used
to assess the intervention's impact on the incidence of hospital readmission. Rates of readmission were
compared by the Poisson model. Both Cox and Poisson models were adjusted for age, sex, sputum smears
at diagnosis, serum albumin level, and diabetes mellitus at baseline.
Results: Among 104 pulmonary TB patients included in the analysis (68 were in a historical control group
and 36 were in an intervention group), 20 patients were readmitted due to TB-related complications. We
found that our nursing care program resulted in a significant reduction in the incidence (adjusted hazard
ratio was 0.16 [95% CI 0.03, 0.87]) and the rate of hospital readmissions (adjusted incidence rate ratio was
0.22 [95% CI 0.06, 0.85]). Furthermore, nursing interventions significantly improved knowledge and self-
care behavior scores with significant score retention at 28 days postdischarge.
Conclusions: The nursing care program can significantly decrease the incidence and rate of 28-day
hospital readmission and improve knowledge and self-care behavior scores in pulmonary TB patients.
© 2023 Korean Society of Nursing Science. Published by Elsevier B.V. This is an open access article under
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Introduction

Pulmonary tuberculosis (TB) is a major health problem world-
wide, especially in developing countries [1,2]. According to the
World Health Organization (WHO), TB affects more than 10 million
people so far, leading to 1.5 million deaths globally [1]. Thailand is
among the countries where the TB burden is stretched. In 2021, the
estimated incidence of TB in Thailand was 42.6 per 100,000 pop-
ulation [3].

Although TB is a curable disease, treatment failure is still chal-
lenging as patients need to strictly adhere to a long treatment
duration (i.e., at least 6months of a standard regimen). Therefore, to
improve the treatment success,multimodalities of patient care from
multidisciplinary healthcare professionals are required. These mo-
dalities include (1) Directly Observed Therapy (DOT) program, (2)
home healthcare and nutritional supporting program, (3) pharma-
cist monitoring program, and (4) a nursing care program [4e9].

The nursing care program aims to enhance patients' and care-
givers' knowledge and improve treatment adherence. The program
also proactively monitors patients' responses and treatment-
related adverse events. The previous study showed that nurses'
discharge planning programs could improve TB patients' knowl-
edge and self-care behavior scores [10]. However, it is unclear
whether these improved scores could be maintained during the
next follow-up visit. Moreover, a previous randomized controlled
trial had shown that empowering patients through nursing care
programs can decrease the readmission rate in heart failure pa-
tients [11]. Nevertheless, no study directly examines the impact of
nursing intervention on TB outcomes.

We conducted a quasi-experimental study using a historical
control to investigate the effectiveness of a nursing care program on
the incidence and rates (i.e., frequency within a specific period) of
hospital readmissions within 28 days after hospital discharge
among pulmonary TB patients. We also examined the change and
retention of TB patients' knowledge and self-care behavior scores
after receiving nursing interventions.

Methods

The report of this study followed the Transparent Reporting of
Evaluations with Nonrandomized Designs (TREND) statement
(Supplementary Table S1) [12].

Study design

This study implemented a quasi-experimental design using a
historical control group to assess the effectiveness of a recently
initiated nursing care program at Phrae hospital, Thailand. All
pulmonary TB patients diagnosed and admitted to the hospital
from January 28, 2021, onward would receive a nursing care pro-
gram during hospitalization, upon hospital discharge, and at
28 days postdischarge. These patients were then categorized as an
intervention group andwere followed for a month later. The data of
a historical control group was collected from pulmonary TB pa-
tients who were initially diagnosed and admitted from January 1,
2020, to December 31, 2020 (the period before the nursing program
was initiated). We only considered the first readmission episode
after the TB diagnosis for individuals with several hospital
admissions.

Setting and participants

This researchwas conducted on a generalmedicineward at Phrae
hospital, a 500-bed secondary hospital in northern Thailand. Eligible
participants were inpatient pulmonary TB patients diagnosed by

physicians using WHO's criteria [13], based on clinical manifesta-
tions, chest X-ray, and laboratory values. We excluded patients who
were (1) aged �18 years old at the time of pulmonary TB diagnosis,
(2) not able to fluently communicate in Thai, or (3) not able to
cooperate with the investigation. Moreover, individuals who died
within 28 days postdischarge, lost to follow-up, or had missing data
in the electronic database were not included in the analysis.

Intervention: A nursing care program

The nursing care program consists of several proactive actions at
three periods, including (1) during the hospital stay, (2) on hospital
discharge day, and (3) at 28 days postdischarge. The multidisci-
plinary team, including registered nurses, infectious disease phy-
sicians, clinical pharmacists, and nutritionists, designed and
developed this program. Details of the interventions given at each
period are as follows:

During a hospital stay, the interventions included as follows:

1) Administering medications with the directly observed therapy
(DOT) program by registered nurses.

2) Evaluating patients' treatment regimens and nutritional status
by physicians, clinical pharmacists, and nutritionists.

3) Assessing baseline scores of patients' knowledge and self-care
behaviors using two questionnaires (pulmonary TB knowledge
questionnaire and self-care behaviors questionnaire) by regis-
tered nurses.

The details of the questionnaire used in our study have been
described elsewhere [10]. In brief, this questionnaire is a set of
questions designed to assess a patient's knowledge of the etiology,
signs and symptoms, route of transmission, treatment, and pre-
vention of TB infection. Responders were assigned one point for
each correct answer or zero points if-else. The total score ranged
from zero (i.e., no knowledge at all) to ten points (i.e., excellent
knowledge) (Supplement TableS2). According to the previous
study, the content validity index (CVI) and the Kuder & Richardson
20 (KR-20) of the knowledge questionnaire were 0.90 and 0.71,
respectively [10].

The self-care behavior questionnaire contains twelve questions
designed to address patients' hygienic habits to control the trans-
mission of TB. Responders were given 5 (regular), 3 (occasional),
and 0 (never) points for each question. Thus, the total score ranged
from 0 (i.e., no hygienic habits at all) to 60 points (i.e., fully
corporate with hygienic habits) (Supplement TableS3). Addition-
ally, the self-care behavior questionnaire showed an excellent
content validity (CVI of 1.00) and a good reliability (Crombach's a of
0.82) from the previous work [10].

4) Providing the information regarding the disease and the treat-
ment to enhance patients' knowledge by registered nurses.

5) Contact tracing andmonitoring potential adverse drug reactions
due to anti-tuberculosis therapy (e.g., hepatotoxicity or an
allergic reaction) by registered nurses and clinical pharmacists.

Upon hospital discharge, the interventions included as follows:

1) Assigning the home health care team to provide continuity of
care and monitor patients at home.

2) Re-assessing patient's knowledge and self-care behavior by
registered nurses.

3) Re-counseling patients about adverse drug reactions of anti-
tuberculosis medications and emphasizing the importance of
adherence to prescribed treatment.

4) Educating caregivers on the DOT program.
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At 28 days postdischarge, the interventions included as follows:

1) Reassessing the patient's knowledge and self-care behavior
through telehealth (conducted by registered nurses).

2) Monitoring patients' clinical status and potential adverse drug
reactions by registered nurses at a primary care unit.

3) Reevaluating compliance to the DOT program at home by
trained local village health volunteers.

Usual care

All pulmonary TB patients received usual care during admission
on the general medicine wards. Using a multidisciplinary team
consisting of physicians, clinical pharmacists, and registered
nurses, all pulmonary TB patients received individualized anti-
tuberculosis therapy, followed by close monitoring for potential
adverse drug reactions. Registered nurses were responsible for
assuring standard isolation protocol for patients, updating physi-
cians of laboratory results, administering medications (without
DOT program), and periodically monitoring patients' vital signs.

Data collection and data source

The usual care group's demographic and clinical data were
retrospectively obtained from electronic health records. In addition,
data of the nursing intervention groupwere collected prospectively
frommedical records. Comorbidities were identified using the 10th
revision of the international classification of disease (ICD-10).
Included comorbidities in this study were anemia (i.e., D59.4), type
2 diabetes mellitus (i.e., E11.0-E11.9), cerebrovascular accident (i.e.,
I61.0-I61.9, I62.0-I62.9, and I63.0-I63.9), human immunodeficiency
virus (i.e., B20.0-B20.9, B23.0-B23.8, and B24.0), chronic obstructive
pulmonary disease (i.e., J44.0-J44.9), and respiratory failure (i.e.,
J96.0-J96.9).

Outcomes

Our primary outcomes were the incidence and rates of hospital
readmissions from TB-related complications within 28 days after
being discharged from the first TB treatment in a hospital. The inci-
dence of hospital readmission was calculated as the number of pa-
tients readmitted to the hospital due to TB-related complications
within 28 days after being discharged from initial TB treatment,
dividedby the totalpatient-timeof follow-up (person-days). The ratio
of the incidence rate (hazard rate) in the nursing care program and
usual care groups gives us the hazard ratio of hospital readmission.
Meanwhile, the rates of hospital readmissions were the frequency of
hospital readmissionwithin28days afterdischarge fromthe initial TB
diagnosis and treatment. The ratio of the rates between groups gives
us an incidence rate ratio. The TB-related complicationswere defined
as hospital readmission due to treatment failure or reported adverse
drug reactions. Reasons for hospital readmissionwere obtained from
medical records. The secondary outcomes were the change in scores
of knowledges and self-care behaviors at hospital discharge and
28 days thereafter, which were measured only in the nursing care
program group. All patients were followed for 28 days after hospital
discharge. Theiroutcomedatawere obtained frommedical records (if
they had a hospital visit in the next 28 days) or a phone call (if they
had no hospital visit in the next 28 days).

Statistical analysis

Since we included all eligible participants in the analysis, the
sample size was not estimated. Additionally, we planned to perform
power calculation, providing that unadjusted results were

nonsignificant. We described and compared patients' characteristics
between groups using descriptive and inferential statistics as appro-
priate. To examine the impact of nursing intervention on hospital
readmissions within 28 days, we used a Cox-proportional hazards
model to assess the incidence of the first readmission. Poissonmodel
was used to explore rates of readmissionwithin 28 days.

In both models, we performed serial adjustment as follows: (1)
unadjusted model, (2) a model adjusting for age and sex, and (3)
age and sex-adjusted model with further adjustment for sputum
smear results at diagnosis, baseline albumin levels, and diabetes
mellitus, which are the proxy of TB severity, patient's nutritional
status, and patient's comorbidity that can significantly affect
treatment outcome [14,15] and prognosis [16,17]. We also
controlled for the follow-up time of individuals in the Poisson
model to satisfy models' assumptions.

To ensure the validity of the Cox model, we performed a
Schoenfeld residuals test and created log-minus-log plots to examine
the proportional-hazards assumption. We also tested a goodness-of-
fit of the Poissonmodel inwhich nonsignificant p-values (�.05) from
both deviance and Pearson statistics are required to ensure the
appropriate use of Poisson regressionwith our data. Additionally, we
analyzed each covariate's variance inflation factor (VIF) in fully
adjusted models to test the multicollinearity.

Regarding the impact of the nursing care program on TB
knowledge, patients receiving the nursing care program were
asked to complete the questionnaire three times: at baseline
(before teaching intervention), at hospital discharge (after teaching
intervention), and at 28 days postdischarge. Scores at hospital
discharge were then compared with baseline scores. We further
compared scores retention as well. Paired t-test was used to
analyze data since the distribution of mean differences was nor-
mally distributed. Moreover, to minimize the inflation of type-I
error rate due to multiple comparisons, we used a Bonferroni
adjusted significant p-value threshold at .008 (.05/6) and reported
the corresponding 99.2% confidence interval [21].

All analyses were based on a complete-case approach with a
two-sided alpha error of 5.0% using STATA version 16 (Stata Corp,
LLC, College Station, Texas).

Ethical consideration

This quasi-experimental study was approved by Ethical Com-
mittee for Clinical Research at Phrae Hospital (No.34/2564). Inform
consent was required for all patients who participated in the
nursing care program group.

Results

Characteristics of participants

We identified 115 pulmonary TB patients from January 1, 2020,
to May 31, 2021. Six of 115 patients expired before 28 days post-
discharge, 3 had missing data, and 2 were lost to follow-up. Among
104 patients included for analysis, 68 were in the usual care group,
and 36 were in the nursing care program group (Figure 1). Baseline
characteristics are presented in Table 1. The majority of participants
were female (58.7%) with a mean age of 56.24 years old and a mean
bodymass index of 18.65 kg/m2. Of these, 40.4% had sputum smear-
positive þ1, 63.5% never smoked, and 65.4% denied alcohol drink-
ing history. We also observed that anemia (16.4%) and diabetes
mellitus (24.0%) were among the most prevalent comorbidities.

Most of the characteristics were not statistically different be-
tween groups except gender, smoking history, alcohol drinking
status, sputum smear results, and baseline albumin levels. Patients
receiving the nursing care program majority were male (p-
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value<.001), ex- or current smokers (p-value<.001), ex- or current
alcohol drinkers (p-value<.001) and had slightly lower albumin
levels at diagnosis (p-value ¼ .002), compared to those in the usual
care group (Table 1).

Hospital readmissions due to pulmonary TB-related complications
within 28 days

Twenty patients were readmitted due to pulmonary TB-
related complications within 28 days postdischarge. Of these,
16 patients were readmitted due to treatment failure, whereas 4

were readmitted due to adverse drug reactions from anti-tube-
rculosis.

Patients receiving the nursing care program had a lower inci-
dence of hospital readmission (HR, 0.19; 95% CI 0.04, 0.82). This
finding remained consistent when adding age and sex to our
analysis (HR, 0.18; 95% CI 0.04, 0.81) and even after combining age,
sex, sputum smear at diagnosis, baseline albumin levels, and dia-
betes to the analysis (HR, 0.16; 95% CI 0.03, 0.87) (Table 2). Kaplan-
Meier analysis confirmed that the nursing care program signifi-
cantly lowered the incidence of hospital readmission due to pul-
monary TB-related complications (Figure 2, p-value from log-rank

Table 1 Characteristics of Included Participants.

Characteristics All participants (n ¼ 104) Usual care group (n ¼ 68) Nursing care group (n ¼ 36) p-value

Age, years (Mean ± SD) 56.24 ± 17.61 57.25 ± 17.17 54.33 ± 18.51 .424a

Female, numbers (%) 61 (58.7%) 51 (75.0%) 10 (27.8%) <.001b

Weight, kg (Mean ± SD) 48.54 ± 10.46 49.78 ± 10.66 46.19 ± 9.79 .096a

Height, cm (Mean ± SD) 160.51 ± 8.80 161.16 ± 9.15 159.28 ± 8.08 .301a

BMI, kg/m2 (Mean ± SD) 18.65 ± 3.94 18.85 ± 3.92 18.26 ± 3.99 .473a

Smoking status, numbers (%)
Never 66 (63.5%) 58 (85.3%) 8 (22.2%) <.001b

Ex-/Current- 38 (36.5%) 10 (14.7%) 28 (77.8%)
Alcohol drinking, numbers (%)
Never 68 (65.4%) 55 (80.9%) 13 (36.1%) <.001b

Ex-/Current 36 (34.6%) 13 (19.1%) 23 (63.9%)
Sputum smear results, numbers (%)
þ1 42 (40.4%) 30 (44.1%) 12 (33.3%) .020b

þ2 34 (32.7%) 16 (23.5%) 18 (50.0%) .770c

þ3 28 (26.9%) 22 (32.4%) 6 (16.7%)
Albumin, g/dL (Mean ± SD) 2.49 ± 0.64 2.61 ± 0.73 2.28 ± 0.35 .002d

Intercurrent conditions, numbers (%)
Anemia 17 (16.4%) 12 (17.7%) 5 (13.9%) .622b

COPD 2 (1.9%) 1 (1.5%) 1 (2.8%) 1.000e

CVA 2 (1.9%) 1 (1.5%) 1 (2.8%) 1.000e

DM 25 (24.0%) 14 (20.6%) 11 (30.6%) .258b

HIV 6 (5.8%) 5 (7.4%) 1 (2.8%) .662e

Respiratory failure 5 (4.8%) 4 (5.9%) 1 (2.8%) .657e

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus; HIV, human immunodeficiency
virus; SD, standard deviation; g/dL, gram per deciliter.

a Independent t-test with equal variance.
b Chi-squared test.
c p-value for trend.
d Independent t-test with unequal variance.
e Fisher's exact test.

Figure 1. Patients Flow Diagram. Usual Care Group (left) and Nursing Care Program Group (right).
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test ¼ .012). Additionally, the number needed to treat (NNT) to
prevent one hospital admission was 4.78 (95% CI 3.02, 18.42) over
28 days of follow-up.

In terms of rates of hospital readmissions within 28 days,
compared to patients in the usual care group, those receiving the
nursing care program had lower rates of hospital readmissions (IRR,
0.27; 95% CI 0.08, 0.89). After adding age and sex into consideration,
we found that the readmission rate was still lower in the nursing
care group than the usual care group (IRR, 0.26; 95% CI 0.08, 0.92).
We also found similar findings after fully adjusting for potential
confounders (IRR, 0.22; 95% CI 0.06, 0.85).

Knowledge and self-care behaviors

The knowledge and self-care behavior scores at baseline,
upon hospital discharge, and 28 days postdischarge were shown
in Table 3. We observed that nursing care programs significantly

improved knowledge and self-care behavior scores at the time
of hospital discharge compared with baseline (mean difference
2.22 [99.2% CI 1.21, 3.24], p-value<.001). Patients also showed
good scores retention at 28 days postdischarge (mean difference
1.97 [99.2% CI 1.28, 2.67], p-value<.001) without significant drop
of scores from time of hospital discharge to 28 days post-
discharge (mean difference �0.25 [99.2% CI -0.96, 0.46], p-
value ¼ .330).

Furthermore, we observed a similar pattern of improvement in
the self-care domain. The mean score was significantly increased by
11.67 points (99.2% CI 8.34, 15.00; p-value<.001) at the time of
discharge and by 10.33 points (99.2% CI 6.69, 13.97; p-value<.001) at
28 days postdischarge compared with baseline. Patients were able to
maintain the knowledge and self-care behavior scores between the
time of discharge and 28 days later. No statistically significant dif-
ference of scores was found (�1.33 [99.2% CI -3.05, 0.38], p-
value ¼ .036).

Figure 2. Kaplan-Meier Plot of the Cumulative Incidence of Hospital Readmission within 28 days.

Table 2 Effectiveness of Nursing Care Programs on Hospital Readmission within 28 days (n ¼ 104).

Outcomes Usual care group (n ¼ 68) Nursing care group (n ¼ 36) Effect sizea (95% CI)

Events Event rate Events Event rate

Incidence of 28-day hospital readmission
Unadjusted model 18b 10.72 (6.75, 17.02)d 2c 2.04 (0.51, 8.15)d 0.19 (0.04, 0.82)
Age and sex adjusted model 0.18 (0.04, 0.81)
Fully adjusted model 0.16 (0.03, 0.87)

Rate (frequency) of 28-day hospital readmission
Unadjusted model 21 0.31 ± 0.55e 3 0.08 ± 0.37e 0.27 (0.08, 0.89)
Age and sex-adjusted model 0.26 (0.08, 0.92)
Fully adjusted model 0.22 (0.06, 0.85)

Notes: Fully adjusted models were adjusted for age, sex, sputum smear-positive results at diagnosis, baseline albumin levels, and baseline comorbidity (i.e., diabetes mellitus).
Abbreviations: CI, confidence interval.

a Effect size was hazard ratio (HR) and incidence rate ratio (IRR) for incidence and rate of hospital readmission, respectively, in a nursing care group, compared to a usual
group.

b 1,679 person-days of follow-up.
c 981 person-days of follow-up.
d Event rate per 1,000 person-days (95% CI).
e Total frequency divided by the number of participants ± standard deviation.
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Discussion

In this study, we evaluated the effectiveness of the nursing care
program on hospital readmission, patient knowledge, and self-care
behaviors among pulmonary TB patients. We showed that the
nursing care program was significantly associated with the
decrease in both incidence and rate of 28-day hospital readmission.
Our patients in the nursing care program group showed significant
improvement in knowledge and self-care behaviors with signifi-
cant scores retention at 28 days postdischarge.

Compared to previous studies

After performing a systematic search from various databases
(e.g., PubMed, Google Scholar, and Scopus), we could not find any
studies examining nursing intervention's impact on clinical out-
comes in pulmonary TB patients. Only a few studies have shown
that educational intervention given to pulmonary TB patients can
improve all aspects of knowledge, patients' satisfaction, and self-
care behaviors [10,18]. Comparing with the previous study of
30 TB patients in Thailand [10], we observed a relatively similar
degree of improvement in the knowledge domain at hospital
discharge (2.22 vs. 3.13). In contrast to the previous study, our pa-
tients had higher scores of self-care behaviors at hospital discharge
(55.92 vs. 21.36). This comparison has a limitation as it is difficult to
compare the outcome solely based on scores. Participants in our
study reportedly had high baseline scores (44.25). It would be
beneficial to observe growth rate and retention scores. However,
we cannot assess this as the other study did not report baseline
scores that could have offered an opportunity for comparison.

Explanations

Our proposed nursing care program contributed to the signifi-
cant decrease in the incidence of 28-day hospital readmission due
to several explanations. First, our interventions primarily sought to
empower patients to improve their self-care behaviors. A previous
randomized controlled trial had shown that empowering patients
positively impacted clinical outcomes in heart failure patients [11].
Furthermore, a meta-analysis of trials and observational studies
also showed the importance of patient-centeredmodalities as a key
to successful TB treatment [19]. Second, evidence has been
demonstrated that DOT delivery in the community, which is a part
of our intervention, led to better outcomes for TB treatment than
DOT delivery at the clinic [19]. Third, improving patient TB
knowledge has positively affected the treatment completion rate,
cure rate, and adherence [19]. Lastly, evaluation of nutritional status
was incorporated as a part of the intervention program during
hospital admission. Previous studies had shown the association
between poor nutritional status and mortality rates in TB patients
[17,20].

Strengths and limitations

To the best of our knowledge, this study is among the first trial
examining the clinical impact of nursing care programs in pulmo-
nary TB patients in Thailand. We comprehensively investigated
clinical (i.e., incidence and rates of hospital readmission due to TB-
related complications within 28 days of admission) and surrogate
endpoints (i.e., knowledge and self-care scores).

However, some limitations should be concerned. First, histor-
ical control might introduce bias due to changes in clinical
practice over time, directly affecting hospital readmissions. It is
worth noting that the guidelines for TB treatment in 2020 (usual
care group) and 2021 (nursing care group) remained unchanged.
Second, we did not randomize patients due to feasibility and
ethical considerations. Nonetheless, as further protection against
bias, the endpoints were adjusted for age, sex, sputum smears at
diagnosis, baseline serum albumin levels, and diabetes mellitus.
Importantly, due to the nature of the intervention, we cannot
blind participants or investigators. This may lead to information
bias and limit the causal inferences. Lastly, data collection was
performed in only one setting. Thus, generalizability cannot be
warranted.

Implications

Our study strongly supports the role of nurses as a key to
improving clinical outcomes of pulmonary TB patients, and the
nursing care program for pulmonary TB management should be
widely adopted. Also, the impact of our proposed nursing care
programs should be externally validated in other settings. Further
study with a larger sample size may be needed to ensure the
robustness of our findings.

Conclusion

Our nursing care program was significantly associated with the
decrease in incidence and rate of 28-day hospital readmission due
to pulmonary TB. In addition, patients receiving the nursing care
program not only improved their knowledge and self-care behav-
iors but also continued to have knowledge retention over 28 days
postdischarge. Therefore, we highly recommend implementing our
nursing program in a clinical setting to improve the outcomes of
pulmonary TB patients.

Abbreviations

DOT, Directly Observed Therapy; HR, hazard ratio; IRR, Inci-
dence Rate Ratio; TB, Tuberculosis; VIF, Variance inflation factor;
WHO, World Health Organization; CVI, Content Validity Index; KR-
20, Kuder & Richardson 20

Table 3 Knowledge and Self-care Behavior Scores at Baseline (Pre-intervention) and After Discharge (Postintervention) in Patients Receiving a Nursing Care Program (n ¼ 36).

Testing domain Baseline scores,
Mean ± SD

Scores after receiving a nursing care program Mean difference
comparing between

28 days postdischarge and
at hospital

discharge (99.2% CI)a

At hospital
discharge,
Mean ± SD

Mean difference
(99.2% CI)a

At 28 days postdischarge,
Mean ± SD

Mean difference
(99.2% CI)a

Knowledge 6.03 ± 1.68 8.25 ± 1.13 2.22 (1.21, 3.24) 8.00 ± 1.04 1.97 (1.28, 2.67) �0.25 (�0.96, 0.46)
Self-care behaviors 44.25 ± 7.43 55.92 ± 2.30 11.67 (8.34, 15.00) 54.58 ± 3.14 10.33 (6.69, 13.97) �1.33 (�3.05, 0.38)

Notes.
Abbreviations: CI, confidence interval; SD, standard deviation.

a Paired t-test compared postintervention scores with baseline scores unless specified otherwise.
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s u m m a r y

Purpose: Trauma has significant impacts on the livelihoods and well-being of patients. Prompt emer-
gency, medical, and nursing care is the key to reducing mortality rates. Digital platforms have become
important for patient care. This research aimed to evaluate patient outcomes after implementing a novel
web application operating system in trauma care.
Methods: A descriptive comparative study was conducted on trauma patients. The patients were divided
into two groups: those who used the developed application (n ¼ 70) and those who did not (n ¼ 70). The
patients’ characteristics, the time of the trauma team's arrival at the emergency department (ED) and
the length of stay in the ED, and patients' outcomes were collected from electronic medical records and
the application database. A statistical analysis was performed to evaluate this data. Sixty registered
nurses who used the application completed the survey on the feasibility of the application.
Results: The activated trauma intervals for the non-application-used group and the application-used
group were 5.0 ± 1.1 and 3.1 ± 0.4 minutes, respectively (p ¼ .010). The length of stay in the ED for the
non-application-used group and the application-used group were 30.1 ± 5.1 and 18.3 ± 6.2 minutes,
respectively. A high level of agreement confirms the feasibility of the application.
Conclusions: This application improves patient outcomes in terms of length of stay. This mobile
application can improve the cooperation and communication and efficacy of the trauma care team.
© 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

Trauma injury is a major cause of death globally, especially in
lower- and middle-income countries [1]. The primary cause of
trauma is road traffic accidents [1]. Road traffic accidents are
becoming an increasingly more severe global problem. In 2018, the
World Health Organization stated that according to the most
recently available data, the number of road traffic crashes that
resulted in death had increased to 1.35 million people worldwide
per year and accounted for an average of 3,700 people per day [2].

The death rate was mostly due to accidents involving cars (29.0%),
followed by motorcycles (28.0%), bicycles and pedestrians (26.0%),
and other road users (17.0%). In Thailand, the number of road deaths
was ranked the ninth highest in the world and the overall first in
Asia and the ASEAN region [2]. The estimation currently stands at
32.7 deaths per 100,000 population or an average of 22,491 deaths
per year (60 daily) [3e5]. As the Office of Transport and Traffic
Policy and Planning report in 2020 indicates, most accidents were
caused by motorcycles (74.4%), followed by cars (12.3%), pedes-
trians (7.6%), cyclists (3.5%), and other road users (2.3%) [6].
Statistics information from the Strategy and Planning Division of
the Office of the Permanent Secretary, the Ministry of Public Health
2018-2019 and the ThaiRSC Accident Information Center all
confirm that road accident deaths increased steadily in 2020 [3e5].
Accidents have tremendous impacts on the physical, emotional,
and overall state and quality of life. The major causes of death for
trauma patients are excessive blood loss, airway obstruction or
ineffective breathing, and severe brain injury [7]. The first hour is
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crucial in saving lives, and having a prompt emergency care system
in place is essential [8].

The first and arguably the most important step in the response
for injured patients is to screen and classify the injured patient
rapidly and accurately to manage and deliver prehospital care,
select a suitable hospital, and transfer important patient infor-
mation to the destination hospital where the patient is trans-
ported to [9]. In practical situations, emergency medical
service (EMS) providers use the radio to talk to command-and-
control centers that pass along information to a healthcare pro-
vider at the emergency department (ED). However, there are a
number of limitations to the strictly verbal communication used in
EMS situations that often result in miscommunication. The impact
of miscommunication between healthcare providers during
treatment in time-sensitive emergencies may lead to delays and
other negative patient outcomes. In the ED, the priority is to screen
and provide care for injured patients promptly and accurately,
especially in the first hour, known as the “Golden Hour” [10]. In

many hospitals in Thailand, registered nurses work in both the
EMS unit and the ED. Nurses have played an important role
in initial assessment, monitoring, coordination, preparation of
equipment, and nursing records. Thus, nurses’ competencies in
rapid and accurate emergency response and nursing imple-
mentation are critical [11].

Currently, technology plays an important role in solving
communication problems. The use of web applications has been
demonstrated to reduce documentation time, improve patient
outcomes, increase self-triage, and lead to a recommendation to
call an emergency center [12,13]. Therefore, the development of
web application tools for injured patients on mobile devices used
by healthcare providers, particularly nurses, is needed on a larger
scale. This application can provide lifesaving information about
injured patients from EMS field crews and relay it to the hospital.
This information will support healthcare provider decisions ac-
cording to the pathological problems and will reduce the incidents
of miscommunication. This platform can promptly provide the

Figure 1. Web Application Operating Systems.
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trauma team before the patient's arrival at the ED and help the
emergency healthcare providers better prepare for these patients.

The development of a web application needs to consider the
characteristics of its end-user, including registered nurses in the
targeted hospitals. The codesign concept is a creative and partici-
patory process that involves a diverse group of stakeholders to
explore, develop, and test an intervention for a shared challenge
[14]. The greatest strength of applying the codesign process is that
an app is likely to be acceptable by potential users and be technically
feasible to implement in real-world settings [15]. Therefore, code-
sign and collaboration between healthcare professionals and app
developers are recommended for developing all digital solutions.

The primary objective of this studywas to compare the activated
trauma team interval, length of stay, and clinical patient outcomes
in the ED between before and after the web application has been
implemented. This study also aimed to determine the feasibility of
the web application in terms of user satisfaction.

Methods

Design and setting

This study was a descriptive comparative study conducted in
trauma patients who received prehospital services from EMS teams
at Khon Kaen province, Thailand during a six-month period from
July to December 2021. This hospital is a level I trauma center in
Northeastern Thailand, which has an average of roughly 800 to
1000 EMS operations of trauma patients per year.

Web application

The web application was developed to aid healthcare pro-
viders, especially nurses in the EMS unit and the ED, in providing
care for trauma patients following the standard practice guide-
line. The initial content of the app was created by trauma and
emergency care experts following the practice guidelines of the
Advanced Trauma Life Support (ATLS) guidelines, 10th edition. An
in-depth interview with five experts in trauma care, consisting of
one emergency physician, two nursing instructors, and two
emergency accident department nurses, was conducted to review
the scientific content and accuracy of the context body. The
content validity index (CVI) was verified to be 0.90. Afterward,
the web application was developed by app developers using
React Java Script Code for its ability to distribute the app on
online platforms via smartphones and tablets. Subsequently, the
content and design consistency of the web application prototype
was reviewed by three experts in computer engineering. The CVI
was 0.87.

The final web application operating system (Figure 1) contained
the following key elements: a primary survey and a secondary
survey for common traumatic problems, including prehospital care,
multiple injuries, traumatic brain injury, and shock. This application
allowed healthcare providers to record patients’ vital signs, clinical
conditions, and nursing care. Additionally, this application also
displayed practices for patients with mild traumatic brain injury.

Study sample

This study focused on adult trauma patients during the stated
period. Patients taken to other hospitals or dead-on-arrival were
excluded. The patients were divided into two groups by EMS
providers: patients in situations where this application was used
and patients in situations where it was not used. The sample size
was calculated using the G*Power software (Version 3.1.9.6)
based on an a-value of 0.05, a power of 0.80, and an effect size of

0.5 for the independent t-test based on Cohen's recommenda-
tion [16]. The medium effect size was applied in this study due
to the fact that there was no similar study in Thailand and a
similar previous study showed a high effect size of 1.10 [23],
resulting in a too-small calculated number of participants.
The minimum predicted sample size was 64 patients per group.
Concerning the missing data of around 10.0%, we recruited 70
patients per group.

The feasibility of this applicationwas evaluated by 60 registered
nurses who used the web application. Inclusion criteria were
registered nurses having at least 1 year of working experience in
the emergency department andwilling to participate in the project.

Measurement

The interval for activating the trauma team was defined as the
time from when EMS providers notified the trauma team of the
case until the time when the trauma team arrived at the ED. The
length of stay in the ED was defined as the time when patients
arrived at the ED through the time when they were discharged
from the ED. The time utilized for this studywas determined by two
synchronized clocks that were found within the command-and-
control center and the ED. Patient outcomes included shock index
(SI), Glasgow coma score (GCS), and oxygen saturation at the time
before discharge from the ED. The SI is calculated by dividing the
heart rate by the systolic blood pressure, with the accepted normal
range of 0.5e0.9. A greater SI (>1.0) indicates a deteriorating he-
modynamic state and shock [24]. The patients’ characteristics
consisted of gender, age, mechanism of injury, organ injury, the
emergency severity index, and the area of injury.

The application utilized was defined as the nurses' perception of
the possibility of using the web application. The questionnaire was
adapted from previous research on surveys measuring satisfaction
with smart phone applications [11]. The possibility of using theweb
application questionnaire consists of 10 Likert scale items that refer
to the app's design, audio, visual quality, content, usefulness, and
user-friendliness. The CVI was 0.92. The Cronbach's a of this the
web application scale was 0.94. The mean score of each item was
interpreted into five levels of agreement: least agreed (1.00e1.50),
slightly agreed (1.51e2.50), moderately agreed (2.51e3.50), highly
agreed (3.51e4.50), and extremely highly agreed (4.51e5.00) [17].

Ethical considerations

This study was carried out in compliancewith the Declaration of
Helsinki's principles and Good Clinical Practice recommendations.
The study was approved by the Khon Kaen University Ethics
Committee for Human Research (HE642124). Requirement for
informed consent from the patients was waived since all identifiers
were removed from the obtained data to ensure confidentiality.
Written informed consent was obtained from all registered nurses.

Data collection

The data consisting of characteristics of patients, the time of
trauma team arrival at the ED, the time of patients receiving
nursing care, and the length of stay in the EDwere all acquired from
electronic medical records and the database from the application.
The data were extracted and put into Microsoft Excel, and
the duplicate data entry was completed by two independent in-
vestigators who were not associated with the treatment team. At
the end of the six-month trial period, we distributed the survey to
users to assess the feasibility of this web application and explore
the direction to further improvements.
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Data analysis

All data were recorded in Microsoft Excel 2016, and statistical
analyses were performed using IBM SPSS 2017 for Windows,
version 28.0. Descriptive statistics for the approximately normally
distributed numerical variables were presented as mean (standard
deviation) and N (percent) for categorical variables. Independent
sample t-tests were used to compare the two groups' differences in
terms of activated trauma interval and length of stay in the ED.
Chi-square test was applied to compare the categorical variables,
including SI, GCS, oxygen saturation, and patients' characteristics.
A p value of <.05 was considered statistically significant, and all
tests were two-tailed. The results of the user's perception survey
were summarized as descriptive statistics.

Results

Data from 140 participants were collected. The characteristics of
patients in both groups were familiar. More than a half of partici-
pants in this study were male. Most of themwere aged between 18
and 60 years. The most common mechanism of injuries was traffic
accidents. Most severity assessments according to the Emergency
Severity Index were in level 2, as shown in Table 1.

The activated trauma interval for the non-application-used
group and the application-used group were 5.0 ± 1.1 minutes and
3.1 ± 0.4 minutes (p ¼ .010), respectively (Table 2). Lengths of stay
in ED for the non-application-used group and the application-used
group were 30.1 ± 5.1 minutes and 18.3 ± 6.2 minutes, respectively.

The number of EMS providers using this application was 60
participants. Users’ perception of the possibility of using the web
application of the nursing practice guidelines in the ED settings was
demonstrated in Table 3.

Discussion

The web application was developed to facilitate emergency staff
communication for trauma patients. This study aimed to evaluate
the outcome of patients after implementing these applications
in the nursing care system. The results of this study show that
implementing this new application could considerably reduce pa-
tient care time.

In regards to the time the trauma team took to arrive at the ED
after notification from the EMS (the activated trauma interval), our
study found that patients who applied this application took less time

than the group that did not. This is consistent with previous studies
[9,15,17] which demonstrated that smartphone applications improve
teamwork and communication and enhanced the safety and
efficiency of trauma care delivery. The reason may be due to the fact
that EMS providers who use this application can transfer real-time
patient information to the ED staff and trauma teamwithout obsta-
cles resulting from verbal miscommunication. Not only was there a
time reduction, but a previous study also demonstrated that the
electronic documentation captured more data elements, especially
the time of team activation, the primary assessment, and the arrival
time of the attending physician, than the paper documentation [18].

Our study demonstrated that patients' length of stay in the ED
was shorter in the group that implemented this application. This
may be due to one of the parts of this application containing trauma
nursing care guidelines that can help EMS providers, ED staff, and
trauma teams to evaluate and manage patients early and provide
accurate emergency nursing care following ATLS guidelines. How-
ever, this study did not explore any details in the diagnosis or ED
disposition delay. The next step should be to particularize the
impact of this web application on each step of care. Furthermore,
the use of portable devices allows nurses to record patient care
assessments and nursing practice in real-time rather than on paper,
which may reduce the time required for nursing documentation

Table 1 Patients’ Characteristics (N ¼ 140) in Both Groups.

Category Non-application-used
n ¼ 70(%)

Application-used
n ¼ 70(%)

p-value

Gender .620
Men 38 (54.3) 37 (52.9)
Women 32 (45.7) 33 (47.1)

Age (years) .582
18e60 56 (80.0) 58 (82.9)
>60 14 (20.0) 12 (17.1)

Mechanism of injury .510
Traffic accident 56 (80.0) 58 (82.9)
Falls, slips, trips 10 (14.2) 7 (10.0)
Assaults 2 (2.9) 3 (4.2)
Struck by objects 2 (2.9) 2 (2.9)

Emergency severity index .486
Level 1 32 (45.7) 30 (42.9)
Level 2 38 (54.3) 40 (57.1)

Area of injury .512
Head 39 (55.7) 37 (52.9)
Abdomen 38 (54.3) 37 (52.9)
Chest 34 (48.6) 32 (45.7)
Extremities 22 (31.4) 20 (28.6)

Table 2 Comparing Patient Outcomes between Each Group (N ¼ 140).

Patient outcomes Non-application-used
n ¼ 70(%)

Application-used
n ¼ 70(%)

p-value

Activate trauma interval,
Mean (SD) (min)

5.02 (1.07) 3.10 (0.42) .010

Length of stay in the ED,
mean (SD) (min)

30.10 (5.10) 18.31 (6.20) .012

Shock Index .262
<1.0 48 (68.6) 54 (77.1)
1.00e1.09 7 (10.0) 4 (5.7)
1.10e1.49 10 (14.3) 8 (11.4)
>1.49 5 (7.1) 4 (5.7)

Oxygen saturation <.001
>94 44 (62.9) 64 (91.4)
�94 26 (37.1) 6 (8.6)

Glasgow coma score .624
13e15 47 (67.1) 48 (68.6)
9e12 9 (12.9) 8 (11.4)
<9 14 (20.0) 14 (20.0)

ED ¼ Emergency department; SD ¼ Standard deviation.

Table 3 Users’ Perception of the Possibility of Using the Web Application (N ¼ 60).

Possibility Mean SD Level of
agreement

1. The web application can be used to record
the nursing care of trauma patients

4.25 0.72 High

2. The process of the web application is clear
and reliable

4.21 0.69 High

3. The web application uses plain language
and is easy to understand

3.98 0.74 High

4. The web application is easy and convenient
to use

4.03 0.71 High

5. Using a web application reduces nursing
recording information time

4.06 0.86 High

6. The web application can help in caring for
injured patients

4.15 0.70 High

7. The web application is suitable for use in
practical work

3.98 0.74 High

8. Using a web application is more cost-effective 4.01 0.74 High
9. The use of web applications will be effective

for patients
4.08 0.71 High

10. The use of web applications satisfies my
colleagues and me

4.13 0.79 High

Overall mean score 4.09 0.74 High

SD ¼ Standard deviation.
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[19]. Our findings were consistent with those of a prior study
conducted in Greece, which found that using electronic docu-
mentation decreased the time between admission and completion
of planned care, the total length of stay in the ED, and the time
between completion of care and discharge from the ED [20].

In terms of patient outcomes, our study found that patients in
the application group hadmore clinical improvement than patients
in the comparison group, especially in the case of oxygen saturation
because both EMS providers and the ED team could deliver oxygen
to patients faster by performing nursing care following the guide-
line in this application. However, the SI and GCS did not improve in
this group. A study in Thailand partially supported these findings
that using the multisystem trauma care guideline for nurses
improved clinical outcomes, particularly the SI and oxygen satu-
ration [21]. This may be due to the nature of trauma patients’
conditions that needed more advanced care, especially where
surgery was required. This was consistent with previous studies
[22,23,25e27], which demonstrated the utility of medical
applications in smartphones that arewidely used in health care and
show improvement in the overall clinical practice.

Users who participated in the project expressed their opinions
on the web application used to record patient data in accordance
with the conceptual framework of the nursing process, which is
comparable to following the guidelines of nursing care for emer-
gency trauma patients. It was found that the mean score was very
high, indicating that theweb application could actually be used and
was reliable, particularly to closely monitor changes in injured
patients and provide timely care and assistance. The assessment of
nursing practices in trauma patients was analyzed to adjust for
nursing diagnosis to be appropriate for the injured patient
continuously. This is consistent with the study of Zhang et al. [28],
which established a guideline to assist injured persons in the
framework of ATLS for the assessment of life-threatening symp-
toms in trauma patients in the first phase (Primary Assessment)
and Phase II (Secondary Assessment), thus, enabling patients to
receive standardized care and deliver the patient outcomes in a
positive direction [29e33]. In addition, the recording of nursing
activities in the operating system web application also helps to
systematically build and store the database. Nurses can use the data
to analyze for continuous improvement and can print out docu-
ments as evidence of nursing records that save time as opposed to
writing redundant records [19]. However, users can record more
important patient information that is specific to each patient.

Limitations

The study's limitations were (1) data collection from a single
EMS team and single level of EMS personnel, who may have a
different perspective on the studied population compared to other
organizations. As a result, the generalizability of the study's find-
ings is limited. Future research with a larger number of partici-
pants, across multi-centered settings, should be implemented to
address these issues. (2) This study did not demonstrate the patient
outcomes related to patient mortality or intensive care admissions.
Moreover, this study did not analyze the severity of trauma patients
that may interfere with the results of this study. To address this
concern, the evaluation of the web application in improving other
clinical patient outcomes is needed in the future. (3) The unstable
quality of the internet signal may cause delays in some cases and
should be concerned during using the web application.

Conclusions

Developing nursing practice guidelines for emergency trauma
patients on the platform of a web application is useful for EMS

providers and staff members who work in the emergency depart-
ment. The results reflect that this application has a high likelihood
of improving the trauma patient care processes, especially in the
areas of communication, knowledge, and coordination between
teams. Additionally, the nurse's perception supported the possi-
bility of using the web application in the ED settings. This web
application should be introduced to targeted hospitals and be
implemented in several clinical settings.
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s u m m a r y

Purpose: To assess the feasibility of a technology-assisted intervention in a hybrid cardiac rehabilitation
program among patients with coronary heart disease.
Methods: This study was a two-arm parallel randomized controlled trial. Twenty-eight patients with
coronary heart disease were randomly assigned to either the intervention group, receiving a 12-week
technology-assisted intervention (n ¼ 14), or the control group (n ¼ 14), receiving usual care. Guided
by the Health Belief Model, the intervention group received three center-based, supervised exercise
training sessions, a fitness watch that served as a cue to action, six educational videos, and a weekly
video call. The Self-efficacy for Exercise, exercise capacity, and Health Promoting Lifestyle Profile II were
assessed at baseline and immediately post-intervention (12-weeks).
Results: Among the 28 patients who participated in this study, 85.7% completed the program, with a
relatively low attrition rate (14.3%). The number of exercise training sessions accomplished by the par-
ticipants in the intervention group was 51.27 ± 19.41 out of 60 sessions (85.5%) compared to
36.46 ± 23.05 (60.8%) in the control group. No cardiac adverse events or hospitalizations were reported
throughout the study. Participants in the intervention group showed greater improvement in health-
promoting behaviors when compared with the control group at 12 weeks. Within-group effects
demonstrated improvement in exercise self-efficacy and exercise capacity among participants in the
intervention group. A participant satisfaction survey conducted immediately post-intervention revealed
that participants were “very satisfied” (23.1%) and “satisfied” (76.9%) with the technology-assisted
intervention.
Conclusions: The findings demonstrated that technology-assisted intervention in a hybrid cardiac
rehabilitation program was feasible and suggested to be beneficial in improving exercise self-efficacy,
exercise capacity, and health promoting behavior among patients with coronary heart disease. A full-
scale study is needed to determine its effectiveness in the long term.
Trial and protocol registration: ClinicalTrials.gov NCT04862351.
https://clinicaltrials.gov/ct2/show/NCT04862351.
© 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

Cardiovascular diseases (CVDs) remain the leading cause of
global mortality, with approximately 18 million people dying of
CVDs each year, contributing to 32% of all deaths [1]. Cardiac
rehabilitation (CR) is a comprehensive care model that includes
structured exercise training, psychological support, and health
education for patients with CVD such as coronary heart disease
(CHD), heart failure, and those who underwent coronary revascu-
larization [2]. According to the European Society of Cardiology, CR is
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classified as a class 1A recommendation [3]. Besides reducing long-
term hospital readmissions by 52%, CR is associated with a 78%
lower risk of death from all causes [4]. Patients who participated in
CR reported significantly improved exercise capacity, blood lipid
profile, psychological outcomes, and quality of life [5]. Despite the
benefits of CR, participation and adherence rates are relatively low,
ranging between 31% and 43% and 36.7% and 84.6%, respectively
[6]. A previous retrospective cohort study reported a dropout rate
of 24% [7]. Based on a narrative review, the CR dropout rates were
even higher in the middle-income countries, which could be up to
82% [8]. Several traditional barriers to CR have been identified in
previous studies, including a lack of self-efficacy and perceived
benefits of CR, access (distance and transportation), and travel or
work conflicts [9,10]. Given there is a need to improve the partici-
pation and adherence to CR, it is time to develop an alternative
approach using technologies to deliver CR especially in the midst of
the COVID-19 pandemic, and investigate its feasibility in the real-
world settings.

The COVID-19 pandemic has further reduced CR attendance and
completion due to patients' fear of face-to-face attendance at
health services and limited service access. In the early days of the
pandemic, ambulatory and nonessential services were temporarily
closed while CR programs were reduced or stopped, and recruit-
ment of new patients was halted [11]. This phenomenon reinforced
the urgent need to provide alternatives to conventional, center-
based CR, such as home-based or hybrid (a combination of
center-based and home-based) CR. A global survey suggested the
need to support alternative models that provide CR programs
outside of major institutions to reach a vast number of eligible
patients [12]. There are several terminologies of technology-
assisted interventions in CR including eHealth, telehealth/tele-
medicine, and mobile health (mHealth) [13]. The utilization of
technology for CR delivery has been proliferating, and in recent
years, previous studies have examined a web-based educational
support intervention [14] and an exercise-based telerehabilitation
program [15]. Both studies demonstrated positive patient out-
comes. Hence, this is the time to focus more on CR delivery using
technologies to boost utilization and promote its availability and
accessibility to eligible patients. A previous mixed-methods study
reported that the majority of patients with chronic diseases
preferred combined in-person visits and telerehabilitation [16]
Nevertheless, there is a lack of literature on hybrid CR programs. It
would be interesting to examine the feasibility of a hybrid CR
program, particularly during the COVID-19 pandemic, which may
pose additional challenges to patients.

Although findings from the aforementioned studies that deliv-
ered technology-assisted interventions have shown promising re-
sults in the improvement of patient outcomes, they lacked
interactive approaches (synchronous communication) and follow-
up interventions (e.g., a weekly video/telephone call). Also, the
feasibility of implementation in Southeast Asia, especially in a
multicultural, high- middle-income country, is uncertain, and
limited evidence is available on cardiac rehabilitation. This study
aimed to explore the feasibility of a technology-assisted interven-
tion in a hybrid cardiac rehabilitation (TecHCR) program among
patients with CHD based on four key areas; implementation,
practicality, limited-efficacy testing, and acceptability [17].

Methods

Study design

This was a single site, two-arm, parallel randomized controlled
trial (RCT).

Study setting

This study was conducted in an outpatient CR clinic of the
largest teaching hospital in Malaysia. On average, 25 patients with
CHDwere referred to the phase II CR program permonth. The study
recruitment was conducted from March to May 2021 with a 12-
week post-intervention assessment, and registered with the U.S.
National Library of Medicine, ClinicalTrials.gov (Registration Num-
ber: NCT04862351).

Participants and sample

A consecutive sampling method was used to recruit participants
for this study. A list of eligible patients was obtained from the
outpatient CR clinic on a weekly basis. The eligible patients were
approached at the Non-invasive Cardiology Clinic after their exer-
cise stress test. Study inclusion criteria were: 1) adults �18 years
old; 2) clinically diagnosed coronary heart disease; 3) treated with
thrombolytic therapy or percutaneous coronary intervention (PCI)
or revascularization surgery; 4) stratified into low or moderate risk
for cardiac events by a rehabilitation medicine physician based on
clinical assessments and exercise stress tests as per American As-
sociation of Cardiovascular and Pulmonary Rehabilitation
(AACVPR) guidelines; 5) own a smartphonewith Internet access; 6)
literate; 7) understand English or Malay language; 8) return home
for living after hospital discharge; and 9) medically stable, referred
to the CR program and able to give informed consent to participate
in this study. Exclusion criteria included: 1) participating in other
studies; 2) comorbidities such as dementia, impaired hearing or
vision, or psychiatric illness that might affect their ability to
participate in the CR program; and 3) pre-existing mobility prob-
lems that prevent them from exercising.

As suggested by Julious et al. [18], a sample size of 12 partici-
pants per group in a 2-arm parallel trial is adequate to preliminarily
estimate effect sizes for the size planning of a full-scale trial.
Further allowing for some attrition, we aimed to recruit a total of 28
participants (14 participants per study group).

Randomization, allocation and blinding

Consented participants were randomly allocated to either the
intervention group (TecHCR, n ¼ 14) or control group (usual care,
n ¼ 14) in a 1:1 ratio based on computer-generated random codes.
Allocation was concealed by using sequentially numbered, opaque,
and sealed envelopes. Due to the nature of the study, participants
were unable to be blinded to the group allocation but were strongly
advised against disclosing the group assignment to other patients.
The outcome assessor was blinded to group allocation and study
hypotheses.

Theoretical framework

A theoretical framework may guide the design of interventions
and increase the probability of successful outcomes [19]. Only
about one-third of the included studies in a recent systematic re-
view used behavior change theory, with a lack of description of the
theoretical framework integrated into the intervention compo-
nents [13]. A review by Timlin et al. [20] mentioned that poor
theory application to intervention design and fidelity might explain
the inconclusive effectiveness of an intervention.

The Health Belief Model (HBM) was chosen in this study as this
model has yielded significant results in research, and the six con-
structs (perceived susceptibility, perceived severity, perceived
benefits, perceived barriers, cues to action, and self-efficacy) are
suitable to be included in a framework for developing short-term
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and long-term behavioral change interventions [21]. A scoping
review identified that both perceived barriers and perceived ben-
efits were the strongest predictors of health behaviors [22]. HBM
has been used as a framework in previous CR studies to guide the
implementation of an educational support intervention through a
web link [14] and examine the motivation and barriers to attending
a CR maintenance program [23]. The primary concepts of HBM
include accepting the diagnosis, believing that the condition may
have serious consequences, and believing that the susceptibility or
severity of the condition may be reduced by a course of action [24].
To make a change in behavior, an individual must have a change in
belief; they need to recognize the risks and consequences of a
condition, as knowledge alone is inadequate to make behavioral
changes [25]. Once an individual has made behavior changes,
motivation is maintained through self-efficacy, which provides self-
regulation of behavior [26]. Evidence suggests that HBM constructs
could be applicable in the development of behavioral change in-
terventions. Therefore, HBM may be suitable to underpin the
intervention design to promote behavioral changes in a hybrid CR
program that provides a transition from face-to-face, center-based
CR to home-based CR. Table 1 presents the details of the develop-
ment of the TecHCR intervention based on the HBM constructs.

Control group

Participants randomized to center-based CR (CCR) had the usual
care for 6 or 8 sessions at the outpatient clinic depending on their
stratified risk category (6 sessions for low risk and 8 sessions for
moderate risk) as per hospital policy during the pandemic,
including 1-hour individualized exercise training and 1-hour
occupational therapy. Each exercise training session consisted of a
10-minute warm-up, 30 minutes of moderate-intensity exercise
and a 10-minute cool down supervised by a physiotherapist. End-
of-session education [e.g., symptoms to watch out for during ex-
ercise, Rating of Perceived Exertion (RPE) scale] and feedback were
provided by the physiotherapist. The exercise prescription was
based on age, stress test results, and exercise tolerance, with each
participant having an individualized target heart rate while exer-
cising at home. All participants were encouraged to exercise for
�30 minutes at least five days/week (150 minutes/week) of mod-
erate intensity, following the guidelines from the World Health
Organization [27]. For the occupational therapy, participants
received education on topics including stress and anxiety man-
agement, time management, sleep hygiene, and relaxation tech-
niques, and relaxation sessions. Both participants in the control and
intervention groups received a daily log (checklist with exercise
and dietary practices) to balance the psychological effect.

Intervention group

The principal investigator (an experienced nurse) would
demonstrate how to use a wearable technology (a fitness watch),
upload the exercise data, and sign in to the video call application
with each recruited participant, followed by a return demonstra-
tion. Participants received three sessions of usual care at the
outpatient clinic scheduled for Week 1, Week 3, and Week 12. Each
session consisted of 1 hour of individualized exercise training and 1
hour of occupational therapy. The first two (Week 1 and Week 3)
supervised exercise training sessions were intended to prepare the
participants to be able to exercise in a home environment, allowing
the transition of exercise training from the center to home. The
third session (the last session, Week 12) was to recap the previous
sessions and act as a closure of the exercise training sessions for
phase II CR before entering maintenance phase III CR.

Participants were asked towear the fitness watch to record their
heart rate, exercise frequency, and duration during the exercise
training at home. The exercise training data were synced to the
Zepp App by each participant. Simultaneously, the data were
automatically pulled into the UMFit website, allowing the principal
investigator to review the exercise data on a weekly basis. Over
12 weeks, participants received a weekly video call that lasted for
approximately 30 minutes each for the following purposes: 1) to
strengthen participants' self-efficacy in recommended health be-
haviors, 2) to improve perceived benefits, 3) to enhance problem-
solving skills (i.e., how to improve perceived barriers), and 4) to
provide reinforcement for positive changes 4). From Week 1 to
Week 6, participants received a weekly audio-visual educational
video via a messaging application (a total of six videos).

Technical support was provided to the participants in the
TecHCR group. First, the principal investigator ensured the partic-
ipants knew how to use the technologies by assessing their dem-
onstrations. If participants encountered any technological issues,
they were able to get support via telephone call, text messaging, or
video call.

Measurements

1. Implementation

The implementation was assessed by examining the recruit-
ment process within a specified period with data such as the
number of eligible patients for screening, the number of patients
randomized into the intervention and control groups, reasons for
declining participation, and the number of follow-ups. To deter-
mine whether the study protocol could be executed as planned, the
attrition rate and treatment adherence were assessed. Treatment
adherencewas defined as a percentage of the total exercise sessions
accomplished by the participants [28]. In total, each participant
should have 60 exercise training units, considering a recommended
exercise schedule of 5 days/week � 12 weeks. For participants in
the CCR, the number of supervised exercise training sessions at the
outpatient clinic was recorded, and daily log exercise entries were
counted. The exercise data for each participant in TecHCR was
extracted from the UMFit website, and daily log exercise entries
were counted.

2. Practicality

One of the outcomes of interest in practicality is to explore the
adverse effects on the target participants [17]. Based on a nation-
wide survey by Saito et al. [29], adverse events associated with CR
were defined as incidents (e.g., unstable angina, acute myocardial
infarction, cardiac arrest, mortality, stroke, and severe musculo-
skeletal injury) that happened during exercise or within 24 hours
after an exercise session. In this study, participants were required to
report any adverse events throughout the program. Data related to
adverse events (i.e., reasons for outpatient visits or hospital ad-
missions) were also collected from the patient's electronic medical
record.

3. Limited-efficacy testing

An intervention in a feasibility study will be tested in a limited
way, including with limited statistical power or a shorter duration
of follow-up [17]. In this study, limited-efficacy testing was per-
formed on the following outcomes; exercise self-efficacy, exercise
capacity, and health-promoting behavior, specifically looking at the
intended effects and effect size estimation at 12-week follow-up.
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Table 1 Integration of Health Belief Model into a Technology-assisted Intervention in a Hybrid Cardiac Rehabilitation.

Health Belief Model
construct

Objectives Content Delivery mode Component Technological devices
and software used

Perceived susceptibility
and severity

To provide educational support
with accurate information about
cardiovascular risk factors, the
consequences of the disease, and
recommended action.

� Educational content includes:
1) Heart disease
2) Cardiovascular risk factors
3) Effects of a poor diet
4) Effects of stress
5) Effects of smoking

Asynchronous Electronic learning Smartphone and
instant messaging app
(WhatsApp)

Perceived benefit To provide information on the
benefits of a recommended healthy
lifestyle and diet.

� Educational content includes:
1) Benefits of exercise for the

heart
2) Benefits of a healthy diet
3) Benefits of quitting smoking
4) Benefits of stress

management

Asynchronous Electronic learning Smartphone and
instant messaging app
(WhatsApp)

To provide positive reinforcement
to portray the positive benefits of
adopting health behavior changes

� Congratulate the participant on
his/her achievement (e.g.,
achieved target heart rate,
reduced intake of sugar)

� Check with the participant on
his/her perception of adopting
health behavior changes (e.g., “So
far, how you feel after starting to
exercise regularly?” “Did you
notice the changes in your body
with health diet and regular
exercise?”

� Affirm the positive feedback from
the participant.

Synchronous Telecoaching Smartphone/laptop,
and video
communication service
app (Google Meet).

Perceived barrier To facilitate problem-solving
strategies in patients to overcome
barriers to adopting health
behavior changes

� Assess the potential barriers and
facilitators in adopting health
behavior change (e.g., “What
could be the factors prevented
you from achieving the exercise
frequency?”)

� Facilitate the participants to
think of the possible ways of
overcoming the barriers (e.g.,
“Now, let's think of some
alternatives. What do you think
about indoor exercises?”)

Asynchronous Electronic learning Smartphone/laptop,
and video
communication service
app (Google Meet).

Cues to action The heart rate and exercise
duration data on the fitness watch
act as the biofeedback strategy that
will be used as an external trigger.

� The fitness watch provides
synchronous exercise data on
the watch and Zepp App,
allowing participants to monitor
their exercise.

� The fitness watch vibrates once
the participant achieves certain
goals such as 10000 steps.

Synchronous and
Asynchronous

Wearable technology
Telemonitoring

Commercial fitness
watch and health
monitor app (Zepp
App)
Note: participants have
to sync the exercise
data onto the health
monitor app and
researchers will receive
the data on the UMFit
website.

To provide feedback and advice as
external cues for participants to
activate the recommended health
actions

� Review the exercise data for the
past 7 days.

� Recap the goals set for the past
7 days.

� Remind the participant the
importance of achieving the
recommended health actions.

Synchronous Telecoaching Smartphone/laptop,
and video
communication service
app (Google Meet).

Self-efficacy To build participant's beliefs about
his/her ability to adopt health
behavioral changes by using
incremental goal setting strategies

� Assess the confidence level of the
participant in making changes to
his/her lifestyle (e.g., how would
you describe your confidence
level in making your diet
healthier in the past one week?

� Review the participant's progress
for the past 7 days.

� Validate the participant's efforts
to make progress.

� Focus on incremental goals (e.g.,
You have made a great effort in
exercising for 100minutes for the
past 7 days, what about

Synchronous Telecoaching Smartphone/laptop,
and video
communication service
app (Google Meet).

(continued on next page)
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The primary outcome for this study was exercise self-efficacy,
which significantly predicted the initiation of exercise and its
maintenance [30]. The secondary outcomes were exercise capacity
and health-promoting behavior.

Exercise self-efficacy was measured by Bandura's 18-item ex-
ercise self-efficacy scale (ESE) to assess the perceived self-efficacy
to get oneself to perform an exercise routine regularly [31]. For
the English version, each item is rated from 0 representing “cannot
do at all” to 100 representing “highly certain can do”, with a higher
score indicating a higher level of self-efficacy. It has a high internal
consistency, with a Cronbach's a of 0.95 in a CR setting [32]. The
Malay version of ESE has a significant factor loading of more than
0.40 and an intra-class correlation of 0.99 [33]. For this study,
we quantified the response of each item following the Malay
version, a 5-point response scale from 1 “not at all confident” to 5
“extremely confident”. The current study showed good reliability of
ESE with a Cronbach's a of 0.98.

The exercise capacity was assessed by the metabolic equivalent
of task (MET), determined by an exercise stress test with modified
Bruce Protocol, conducted at the non-invasive cardiology labora-
tory by a rehabilitation medicine physician and a trained techni-
cian. One MET equals 3.5 ml of oxygen/kg (body weight)/minute,
the consumption of oxygenwhile sitting at rest [34]. In our study, a
treadmill (T-2100, GE Case Stress System V6.73) was used for the
exercise stress test with amodified Bruce Protocol. According to the
guidelines by the American College of Sports Medicine [35], Stage 1
to Stage 3 (3 minutes for each interval) of the protocol has a con-
stant speed of 1.7 mph and the grade (inclination) increases by 5%;
from Stage 4 onwards, both speed and grade increase every 3 mi-
nutes and the test will be terminated when the patient reaches
volitional exhaustion. During the test, participants had continuous
real-time 12-lead ECG and heart rate monitoring. The participant's
blood pressure was measured before, at the last 45 seconds of each
stage, immediately post-exercise stress test, and every 2 minutes
thereafter [35]. The MET was automatically recorded by the
treadmill controller based on its speed and grade [36]. Higher METs
indicate higher exercise capacity.

The Health Promoting Lifestyle Profile II (HPLP II) was used to
measure participants health-promoting behaviors. It consists of six
subscales: health responsibility, self-actualization, physical activity,
interpersonal relationships, nutrition, and stress management,
with a 4-point response scale of 1 (never), 2 (sometimes), 3 (often),
and 4 (routinely) [37]. The mean shall be used as the overall score
for the 52-item scale as well as the mean of each subscale to
maintain the 1e4 metric of item responses. Both the English and
Malay versions of HPLP II have shown high internal consistency,
with the a coefficients for the subscales ranging from 0.793 to 0.872
[37] and 0.737 to 0.878 [38], respectively. A CR-related study used
this instrument to measure one of its outcomes [39]. The current
study demonstrated good reliability with a a coefficient of 0.97.

4. Acceptability

Acceptability of the program focused on the perceived satis-
faction among targeted participants related to the intervention. A

self-reported program satisfaction survey by Chiang [40] was
adopted and used to determine the acceptability of the TecHCR
intervention among the participants. It consists of five statements
on participant perceptions of TecHCR intervention, including
TecHCR design, program duration, relevance of the educational
information, performance of the intervener, and overall satisfaction
with TecHCR. This instrument is based on a 5-point Likert scale,
from a scale of 1 ¼ “very unsatisfied”, 2 ¼ “unsatisfied”,
3 ¼ “neutral”, 4 ¼ “satisfied”, and 5 ¼ “very satisfied”.

Procedure

Assessments were conducted at two time points: [baseline (T0)
and 12-week, immediate post-intervention (T1)]. All participants
completed the sociodemographic and clinical data questionnaires
on, exercise self-efficacy, exercise capacity, and health-promoting
behaviors at T0 before randomization. The sociodemographic and
clinical data of the participants, including age, gender, marital
status, educational level, employment status, monthly household
income, smoking status, comorbidities, current medications, dis-
tance fromhome to the CR center (kilometer), transportationmode,
were obtained from the electronic medical record and a self-re-
ported structured questionnaire. After 12 weeks (T1), data were
collected during the post-intervention exercise stress test
appointment, including exercise self-efficacy, exercise capacity,
health promoting behavior, treatment adherence, adverse events,
and a program satisfaction survey.

Data analysis

IBM SPSS 25 (IBM Crop. Armonk, NY) was used to perform the
statistical analyses. As this feasibility study had a relatively small
sample size and a 12-week follow-up, there was no missing data
detected, but those who dropped out were not included in the final
analysis. Skewness and Q-Q plots were assessed to check the
normality assumption. The baseline sociodemographic and clinical
characteristics were described using mean and standard deviations
for continuous variables, and frequencies and percentages for cat-
egorical variables. Homogeneity of baseline characteristics between
the TecHCR and control groups was assessed using the Fisher's
exact test for categorical variables and theMann-Whitney U test for
continuous variables. Statistical comparisons were performed
within and between groups to describe the outcome variables
across time points (T0 to T1) using the Wilcoxon signed rank test
and Mann-Whitney test, respectively. The change in each outcome
(T1 � T0) was compared between groups and used for effect size
estimation. Following the recommendation by Tijssen and Kolm
[41] for pilot studies with small sample sizes, the main focus of the
outcome analysis was effect size estimations rather than their
significance multiplicity correction was therefore not performed.
Hedges' g effect sizes and their 95% confidence intervals for the
outcomes were calculated using the online calculator: https://
www.psychometrica.de/effect_size.html. All the statistical tests
involved were two-sided with level of significance set at 0.05.

Table 1 (continued )

Health Belief Model
construct

Objectives Content Delivery mode Component Technological devices
and software used

increasing the duration to
120 minutes this week? Let's say
4 days a week and 30 minutes
each time?
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Ethical considerations

Ethical approvals were obtained from the Joint Chinese Uni-
versity of Hong Kong-New Territories East Cluster Clinical
Research Ethics Committee (Reference Number: 2020.621) and
University of Malaya Medical Centre-Medical Research Ethics
Committee (Reference No. 202117-9674). Prior to randomization,
written informed consent was sought from each participant.
Assurance was provided to participants that their identity and
personal data would be kept confidential. Participants were
informed that they had the right to withdraw from the study at
any time without affecting their treatment in the study setting. If
the findings demonstrate effective intervention outcomes, the
TecHCR may be provided to participants in the control group after
the completion of the main study.

Results

Table 2 summarizes the baseline characteristics of the par-
ticipants. The mean age of participants was 54.6 ± 12.6 vs.
58.4 ± 13.6 years (range 35e74) and predominantly male (96.4%)
with only one female participant. Most of them were married
(92.9%), with more than half of the participants having sec-
ondary school education (57.1%) and self-driving from home to
the CR center (64.3%), with a distance between 5 and 40 kilo-
meters. Four participants were stratified into moderate-risk
groups (1 participant vs. 3 participants). The majority of the
participants were diagnosed with hypertension (78.6%) and
dyslipidemia (89.3%). Out of 28 participants, 67.9% had PCI. Over
half (64.3%) of the participants in TecHCR had a family history of
CHD. TecHCR and control groups were generally homogeneous
regarding baseline characteristics, except that the latter had a
low proportion of participants using beta-blockers. In view of
the small sample size, no further adjustment was made to the
statistical analysis.

1. Implementation

Among the 67 patients screened for eligibility, 35 were excluded
as they did not fulfill the inclusion criteria. Out of the 32 patients
who were invited to participate in the study, four declined due to a
lack of interest in participating. Twenty-eight patients (87.5%)
agreed and consented, with 14 participants in each arm of the
study. Among the participants (N ¼ 28) who completed the base-
line assessment (T0), a total of four were lost to follow-up during
the 12-week program. Three participants from the TecHCR dropped
out due to fear of attending face-to-face supervised exercise
training during high daily COVID-19 cases (n ¼ 1), were diagnosed
with COVID-19 (n ¼ 1), and left to work abroad (n ¼ 1), and one
participant from the CCR dropped out due to fear of attending the
outpatient, center-based CR appointments (n ¼ 1), representing an
attrition rate of 14.3%. At 12-weeks, a total of 24 participants
completed the study, with 11 and 13 participants in the TecHCR and
CCR, respectively (Figure 1).

The treatment adherence of participants is shown in Table 3.
Participants from TecHCR who completed the post-intervention
assessment (n ¼ 11) accomplished 51.27 ± 25.22 exercise
training sessions (85.5%), in the range between 12 and 84 exercise
training sessions within the 12 weeks of intervention. However,
only 9 out of 11 participants (81.8%) in the TecHCR group per-
formed at least 150 minutes of exercise each week. Two partici-
pants who were unable to perform the targeted duration of
exercise per week provided reasons, including 1) the unavailability
of a conducive environment for exercise due to the closure of
parks and 2) a lack of time due to work commitments. Completers

in the TecHCR attended all video call sessions except for one
participant who had to be contacted five times using telephone
calls due to work. Thirteen participants from CCR who completed
the post-intervention assessment performed 36.46 ± 25.03 exer-
cise training sessions (60.5%), in the range between 10 and 84
exercise training sessions. Seven out of 13 participants (53.8%) in
the control group performed at least 150 minutes of exercise per
week. Reasons for failing to achieve exercise duration in a week
were similar to those in the intervention group, including a lack of
motivation.

Table 2 Baseline Sociodemographic and Clinical Characteristics of the Study Sample
(N ¼ 28).

Characteristics Intervention
(n ¼ 14)
n (%)

Control
(n ¼ 14)
n (%)

p

Age (years)a [range: 35e74] 54.6 (12.6) 58.4 (13.6) .608b

Gender
Men 13 (92.9) 14 (100.0) .999c

Women 1 (7.1) 0 (0)
Ethnicity .999c

Malay 8 (57.1) 8 (57.1)
Chinese 4 (25.0) 3 (21.4)
Indian 2 (14.3) 3 (21.4)

Occupation .454c

Employed 4 (28.6) 7 (50.0)
Unemployed 3 (21.4) 1 (7.1)
Home maker 1 (7.1) 0 (0)
Retired 6 (42.9) 6 (42.9)

Monthly household income
(RM)

.999c

<5000 (<US$ 1220) 9 (64.3) 10 (71.4)
�5000 (�US$ 1220) 5 (35.7) 4 (28.6)

Marital status .481c

Married 14 (100.0) 12 (85.7)
Single/divorced/married 0 (0) 2 (14.3)

Education .999c

Primary 0 (0) 1 (7.1)
Secondary 8 (57.1) 8 (57.1)
Tertiary 6 (42.9) 5 (35.7)

Driving to cardiac rehabilitation
center

11 (78.6) 7 (50.0) .423c

Distance from home to
rehabilitation center
(kilometres)a [range: 5e40]`

19.0 (12.3) 16.8 (8.6) .361b

Coronary family history 9 (64.3) 5 (35.7) .257c

Smoking status
Never 7 (50.0) 4 (28.6) .239c

Former smoker 7 (50.0) 7 (50.0)
Current smoker 0 (0) 3 (21.4)

AACVPR risk category .596c

Low 13 (92.9) 11 (78.6)
Moderate 1 (7.1) 3 (21.4)

Hypertension 13 (92.9) 9 (64.3) .165c

Dyslipidemia 12 (85.7) 13 (92.9) .999c

Diabetes 7 (50.0) 6 (53.8) .999c

Percutaneous coronary
intervention

10 (71.4) 9 (64.3) .999c

Coronary artery bypass graft
surgery

4 (28.6) 4 (28.6) .999c

Medication
Antiplatelet 14 (100.0) 14 (100.0) e

Nitrates 3 (21.4) 1 (7.1) .596c

Beta-blocker 14 (100.0) 7 (50.0) .006c

ACE inhibitors/Angiotensin
receptor blocker

8 (57.1) 8 (57.1) .999c

Calcium channel blocker 9 (64.3) 3 (21.4) .678c

Statin 14 (100.0) 14 (100.0) e

Note. AACVPR ¼ American Association of Cardiovascular and Pulmonary
Rehabilitation.

a Mean (standard deviation), others are presented as frequency (%).
b Mann-Whitney test.
c Fisher's exact test.
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2. Practicality

No adverse events were reported by the participants or found in
the patient's electronic medical record. Unrelated to the in-
terventions, one of the participants in the TecHCR group was
diagnosed with COVID-19 positivity in the midst of the program
and chose to discontinue the program while serving home
quarantine.

3. Limited-efficacy testing of TecHCR on exercise self-efficacy, ex-
ercise capacity, and health-promoting behavior.

Table 4 presents the results of limited-efficacy testing in the
study. The results of the Wilcoxon signed rank test indicated that

TecHCR had a significant within-group effect over the 12-week
course of study in exercise self-efficacy, exercise capacity, and
health-promoting behavior. In addition, the Mann-Whitney test
showed a significant improvement in health-promoting behavior in
TecHCRwhen compared with CCR (Hedges' g effect size¼ 1.04, 95%
CI: 0.19 to 1.90, p¼ 0.007). However, no differences on exercise self-
efficacy (Hedges' g effect size ¼ 0.47, 95% CI: �0.35 to 1.28,
p ¼ 0.323) or exercise capacity (Hedges' g effect size ¼ 0.17, 95%
CI: �0.64 to 0.97, p ¼ 0.132) were detected between groups.

4. Acceptability

Table 5 shows that the majority of the participants (69.2%) were
very satisfied, and the remaining (30.8%) were also satisfied (30.8%)

Figure 1. Study Design and Recruitment Flow Diagram.
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with the intervention design. Participants were either very satisfied
(23.1%) or satisfied (53.8%) with the duration of the program, but
23.1% reported being neutral. More than half of the participants
(53.8%) were very satisfied with the relevance of the educational
information, and 61.5% were very satisfied with the performance of
the intervener. Overall, the participants were very satisfied (23.1%)
and satisfied (76.9%) with the TecHCR program.

Discussion

Our findings suggest that technology-assisted intervention,
including supervised exercise training sessions (three times at the
center), a wearable technology (a fitness watch), educational
videos, and telecoaching (a weekly video call), is feasible. Given the
fact that this study was conducted during the COVID-19 pandemic
and the non-invasive cardiology clinic only conducts the exercise
stress test for patients referred to CR once a week, recruitment
proceeded smoothly, with only four out of 32 eligible patients
rejecting participation. In recent years, much attention has been
paid to improving CR among underrepresented groups, especially
women, with meta-analyses reporting significantly lower referral
rates among women when compared with men [42]. Despite our
study setting providing automatic referral to CR for all eligible pa-
tients, the number of females with CVD in Malaysia was lower than
the males; amongst the individuals who had undergone PCI, only
17% of themwere females [43]. Therefore, it was not surprising that
there were only two female, eligible patients during our recruit-
ment period; one female participant consented while another fe-
male declined our invitation to participate in the study due to a lack
of interest in participating in a trial.

Overall, the completion rate of our study was a notable 85.7%.
This is comparable to the results of a recent RCT by Batalik et al.
[28], which demonstrated a completion rate of 91% in a 12-week
home-based telerehabilitation. With respect to treatment adher-
ence, our TecHCR group showed greater exercise training adher-
encewhen compared to the center-based CR program (85.5% versus
60.5%). A recently published systematic review revealed that nine
out of 14 included studies demonstrated greater treatment adher-
ence among patients who had digital interventions compared to
conventional CR [44]. In contrast, a meta-analysis by Chong et al.
[13] reported that no significant differences in treatment adherence
were found between home-based/hybrid CR and center-based CR.
These previous results were rather inconclusive. A possible expla-
nation of our desirable findings is that the HMB constructs of
“external cues to action” and “self-efficacy,” which were delivered
through wearable technology (a fitness watch) and telecoaching
(weekly video call), may in part account for the treatment adher-
ence. Indeed, Odnoletkova et al. [45] reported that nurse-led tele-
coaching promotes health behavior changes that are aligned with
the goals set by the patients.

Regarding practicality, we found no adverse effects reported by
both groups in our study, suggesting TecHCR can be safely imple-
mented among non-high-risk cardiac patients, even in elderly pa-
tients. A recent study on smartphone-based telemonitored exercise
showed no occurrence of serious complications or adverse events
throughout the study period [46]. According to Sanchis-Gomar
et al. [47], there may be potential adverse events related to exer-
cise training triggered by exercise intensity and physiological de-
mands in certain individuals. In our study, precautions during
exercise (i.e., measuring the intensity of physical activity with RPE
and when to seek immediate medical attention) were emphasized

Table 3 Treatment Adherence of the Control and Intervention Groups.

Treatment adherence Control (n ¼ 13) Intervention (n ¼ 11)

Mean (SD) (%) Mean (SD) (%)

Exercise training
sessions (range: 0
e60)

36.46 (25.03) 60.5 51.27 (25.22) 85.5

Exercise duration
(minutes/week)
(achieved
�150 minutes/week)

7a 53.8 9b 81.8

a Frequency e 7 out of 13 participants in the control group performed
�150 minutes of exercise per week.

b Frequency e 9 out of 11 participants in the intervention group performed
�150 minutes of exercise per week.

Table 4 Outcomes Across Time Points between the Control and Intervention Groups.

Outcome
variables

Control Intervention Between group comparisons

Baseline
measurement

(T0)
(n ¼ 14)

Immediate post
intervention (T1)

(n ¼ 13)

p (within-group
comparison)a

Baseline
measurement

(T0)
(n ¼ 14)

Immediate post
intervention (T1)

(n ¼ 11)

p (within-group
comparison)a

Hedges' g effect
size (95% CI)b

p (between-group
comparison)a

Exercise self-
efficacy (ESE)

38.1 (12.1) 45.5 (11.0) .003 47.5 (20.6) 59.5 (15.9) .012 0.47 (�0.35, 1.28) .323

Exercise capacity
(MET)

7.3 (2.3) 8.6 (2.7) .058 8.6 (2.1) 10.0 (2.3) .008 0.17 (�0.64, 0.97) .132

Health promoting
behavior (HPLP
II)

132.9 (28.5) 140.9 (28.0) .001 130.3 (23.9) 150.5 (19.8) .004 1.04 (0.19, 1.90) .007

Note. MET ¼ metabolic equivalent of task; ESE ¼ Exercise Self-Efficacy; HPLP¼Health-Promoting Lifestyle Profile II.
Data are presented as mean (standard deviation).

a Only those participants with both baseline and post intervention data were involved in within-group and between-group comparisons (i.e. n ¼ 13 in control group and
n ¼ 11 in intervention group).

b Hedges'g effect size which corresponds to the standardized mean difference of the change score at T1 with respect to T0 between the intervention and control group.

Table 5 Participant Satisfaction of TecHCR Program (N ¼ 11).

Very
satisfied

Satisfied Neutral Unsatisfied Very
unsatisfied

n (%) n (%) n (%) n (%) n (%)

Intervention design 9 (69.2) 4 (30.8) 0 (0) 0 (0) 0 (0)
Duration 3 (23.1) 7 (53.8) 3 (23.1) 0 (0) 0 (0)
Relevance of

information
7 (53.8) 6 (46.2) 0 (0) 0 (0) 0 (0)

Performance of
intervener

8 (61.5) 5 (38.5) 0 (0) 0 (0) 0 (0)

Overall satisfaction
of the program

3 (23.1) 10 (76.9) 0 (0) 0 (0) 0 (0)

Note. TecHCR ¼ Technology-assisted intervention in a hybrid cardiac rehabilitation
data are presented in frequency (%).
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to the participants in both groups. Hannan et al. [48] highlighted
the lack of data collection on adverse events in CR studies with a
specific protocol. Heindl et al. [49] suggested that future research
should look into detailed reporting on patient assessment and
home inspection before the commencement of exercise training in
the home environment. This creates opportunities to identify the
gaps in home-based exercise and improve measures to minimize
the risks of adverse events before translating the evidence into
clinical practice.

In this present study, results on the limited-efficacy testingwere
desirable. We observed a significant improvement in health-pro-
moting behavior with a large effect size (g ¼ 1.04) following the
intervention. Similarly, a recent RCT that delivered the eHealth
approach in CR also demonstrated significantly improved the
health-promoting behavior at 12-week post-intervention [39].
Zafari Nobari et al. [50] reported that a healthy lifestyle empow-
erment program significantly improved the health-promoting
behavior of patients with coronary bypass graft surgery. From the
viewpoint of promoting a healthy lifestyle, TecHCR provided
educational videos on topics related to physical activity and exer-
cise, a healthy diet, stress management, and smoking cessation.
Together with these videos, our telecoaching was intended to
motivate participants to adopt healthy behavioral changes. These
components of TecHCR might have contributed to improving
perceived health promoting behavior among the participants.
Although there was no statistical evidence in favor of TecHCR on
exercise self-efficacy and exercise capacity, both showed relatively
greater improvement than those of CCR. Smarz et al. [51] suggested
that other than exercise dose, intensity, and adherence, the
improvement of exercise capacity is also influenced by several
potential, factors such as both cardiac and non-cardiac-related
factors and comorbidities. Future research may examine exercise
capacity based on stratification by comorbidity. Also, as the present
study is a pilot study with a relatively small sample size, a larger
sample size may be required to statistically detect significant dif-
ferences in both exercise self-efficacy and exercise capacity.

Successful implementation of an intervention in a real-world,
clinical setting requires acceptability. Our study highlights the
acceptability of TecHCR among participants from a wide range of
ages, including older adults aged 60 years and above. All the par-
ticipants in the TecHCR group were satisfied with the overall pro-
gram, with three participants rating the program as “very satisfied”
and 10 participants rating it as “satisfied”. We believe that this
could be due to the fact that our participants were able to use the
technologies throughout the program. A national survey by the
Department of Statistics Malaysia [52] showed the vast majority of
individuals had access to the Internet (96.8%) and mobile phone
(98.7%), which allows additional options for patients other than the
usual center-based CR. Of note, several barriers to adopting tech-
nology in CR among older adults include physical barriers such as
visual and fine motor skills and technological anxiety [53]. In order
to minimize the technical challenges during the present study, we
assisted participants in the TecHCR group to install the apps upon
recruitment and ensured they knew how to operate the fitness
watch and apps by return demonstration. Taking into consideration
of possible barriers among the older adults, our intervention was
carefully planned to reduce complexity of the integrated technol-
ogies. We included a fitness watch that has a simple, user-friendly
interface, educational videos that were sent to participants'
messaging apps, and a weekly video call using Google Meet with a
secured password. More than half of the participants were satisfied
with the duration of the program. As of now, there is no identified
optimal duration for a CR program, and it varies across countries.
An explanation might be that the duration of 12 weeks might allow
participants to achieve their optimal outcomes (i.e., physical

function) as reported by Morrin et al. [54], and this could enhance
their satisfaction. The majority of the participants in the current
study reported being very satisfied with the relevance of the
educational information. Gomez-Perez et al. [55] recommended
contents that are useful, easy to understand, eye-catching, and
well-designed. In our opinion, the audio-visual educational videos
in the studywere not only attention-grabbingwith the use of colors
and voice-over for the contents, but they also enabled participants
to know more about CR, their disease, and other important com-
ponents of CR, including exercise, diet, smoking cessation, and
stress management. To the best of our knowledge, no previous
studies have reported patient satisfaction with a nurse-led CR
program as an outcome. Nonetheless, previous studies reported
high levels of satisfaction among patients with primary care pro-
vided by nurse practitioners [56,57]. One possible explanation of
our findings could be due to the nurse-patient rapport. We indi-
rectly built the rapport through the weekly video call over
12 weeks. Communication is the cornerstone of patient-centered
care, and effective communication skills are associated with
improved patient satisfaction [58].

According to Bowen et al. [17], feasibility studies allow re-
searchers to determine the applicability of the interventions and
whether adjustments are needed to make them more applicable in
practice, as these issues have to be solved before actual imple-
mentation. Crucially, our findings provide invaluable insights,
showing that TecHCR can be potentially implemented in future
research with a larger sample size. Despite a small sample size, the
TecHCR was well accepted, creating potential equitable access to
hybrid CR in the future. This innovation may be an alternative to
facilitate the sustainability of the CR program in the midst of the
pandemic. Besides, the integration of HBM in the intervention
development may aid in the successful implementation of the
intervention and improve patient outcomes.

Our study has several strengths and limitations. This study had
substantially high completion and treatment adherence rates in the
TecHCR group, with strategies such as proactive and timely tech-
nical support and video calls to enhance participant engagement
through frequent positive reinforcement and problem-solving. Our
participants aged between 35 and 74 years old, suggesting that the
feasibility of TecHCR is not limited to younger participants who are
deemed to be more technology savvy. However, this study was
underpowered to detect statistical significance; a large-scale trial
with a longer duration of follow-up is required to examine the
effectiveness of the TecHCR on the outcome variables. Although the
exercise capacity was objective data, other self-reported outcomes
might be subject to social desirability bias. To the best of our
knowledge, there is no available data on the reliability of MET
measured by the treadmill used, which could be one of the limi-
tations of the study. Another limitation included the lack of quali-
tative data on participant experience that could provide rich
descriptions. Future research may consider an open-ended inter-
view to yield in-depth responses from participants on their expe-
riences and opinions about the program. Also, several internet
connection problems caused disruptions in video call sessions. An
assessment of the types of internet connections needs to be taken
into consideration. Due to the nature of this study, participants in
the intervention group were expected to have basic Internet skills
to use the fitness watch and mobile applications. The findings
might not be generalizable to patients who are not able to use the
technologies independently.

Contemporary CR programs that included patient education and
exercise training were established in developed countries as early
as the 1970s [59]. The COVID-19 pandemic has pushed forward the
implementation of alternative models such as hybrid or home-
based CR. However, limited literature is available on the CR
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situation in developing countries or Southeast Asia. Due to limited
resources, the pilot study was conducted in a country situated in
Southeast Asia which might not be able to represent the whole
region. Nonetheless, the findings of the current studywill be able to
provide insights to policymakers and health care providers in
supporting the development of CR programs, particularly in
developing countries.

Conclusion

The findings of this study demonstrate that theory-based
TecHCR is feasible among the low- to moderate-risk cardiac pa-
tients referred to phase II CR. A high overall satisfaction rating for
the program further supports the idea that TecHCR was acceptable
among participants in the intervention group. The results of
limited-efficacy testing demonstrated positive improvements in
exercise self-efficacy, exercise capacity, and health-promoting
behavior among patients in the TecHCR group. A full-scale RCT with
a longer follow-up is warranted to provide more conclusive esti-
mates of the benefits of TecHCR.
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