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Abstract: Background: Scoping reviews of the literature on the development and application of
mental health apps based on theoretical suggestions are lacking. This study systematically examines
studies on the effects and results of mental health mobile apps for the general adult population.
Methods: Following PICOs (population, intervention, comparison, outcome, study design), a general
form of scoping review was adopted. From January 2010 to December 2019, we selected the effects
of mental health-related apps and intervention programs provided by mobile to the general adult
population over the age of 18. Additionally, evaluation of methodological quality was assessed using
the Scottish Intercollegiate Guidelines Network (SIGN) checklist. Results: Fourteen studies were
analyzed of 1205 that were identified; duplicate and matching studies were excluded. One was a
descriptive study and 13 were experimental, of which randomized control trials (RCTs) accounted
for 71.4%. Four of the mobile apps were developed based on cognitive behavior theory, one based
on stress theory, and one on ecological instant intervention theory. These apps included breathing
training, meditation, and music therapy. Stress, depression, and anxiety decreased using these apps,
and some were effective for well-being. Conclusion: With the rapid development of technology
related to mental health, many mobile apps are developed, but apps based on theoretical knowledge
and well-designed research are lacking. Further research and practices should be conducted to
develop, test, and disseminate evidence-based mHealth for mental health promotion. RCT studies
are needed to expand the application to mental health services to various populations.

Keywords: mobile mental health; mobile app; m-health; stress management; mental health app

1. Introduction

The demand to improve mental quality of life has increased along with the recent
increase in interest in and awareness of mental health [1]. Consequently, the concept of
mental health services emerged, along with an increased demand to manage mental health
using information and communication technology (ICT) such as mobile communication
and social network services (SNS) [2]. Mobile social media is a rapidly growing internet
sector, in which, according to the Ministry of Science and ICT and the Ministry of the
Interior and Safety, the number of smartphone users accounted for 94.0% of the total
Korean population in 2017, with 86.8% of smartphone users using applications (apps). As
such, the use of smartphones and apps have become a part of daily life. Recently, clinical
use of mental health-related apps and intervention programs based on mobile apps have
been implemented as an approach to managing mental health [3,4].

Mobile health (m-Health) is not yet well known in South Korea. The World Health
Organization (WHO) defined mobile health (m-Health, mHealth) or mobile healthcare
as medical and public health services provided through mobile devices including smart-
phones. In other words, mobile healthcare is the exchange of medical services between
physicians and patients using IT and mobile devices, free from restrictions of time and
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space [5]. In that sense, the use of mobile apps for mental health management is ex-
pected to have various advantages [6]. In South Korea specifically, smartphone usage is
approximately 90% and thus, interventions using readily available smartphones may grant
excellent accessibility. It also offers economic advantages of reducing medical costs and
can help overcome limitations of accessibility compared to the in-person cognitive behav-
ioral therapy previously used for mental health management [7]. Furthermore, mobile
apps enable user-friendly access through their various functions. According to FLURRY, a
mobile app information analysis company, the use of health and fitness apps increased by
more than 330% from 2014 to 2016 as smartphone usage became diversified—needless to
say, apps have become an important tool in for pursuing a healthy lifestyle [8,9]. Mental
health-related mobile apps are referred to as “Mental Health apps (MHapps),” and their
types and numbers are diverse [10]. Nevertheless, mental health apps that have insufficient
medical evidence or are for commercial use are common, and it is to be expected that
such apps will continue to be developed and distributed in the future. Therefore, in order
to efficiently manage the mental health of citizens, the development and distribution of
apps with proven effectiveness and reliability are needed. Mental health specialists, in
particular, should demonstrate leadership in studying, evaluating, and integrating such
apps [3]. Nonetheless, there is a lack of scoping review identifying trends in research and
evidence-based app development and application on topics such as the effects of mental
health apps. Thus, this study aimed to perform a scoping review of previous research on
the application of mental health apps on the general adult population and systematically
analyze the content, methods, and effectiveness of the proposed intervention programs.

In this study, a scoping literature review was conducted on studies that examined the
effectiveness of interventions that used mental health-related apps, using mobile devices
such as smartphones or tablets, within the general adult population aged over 18 years, to
outline the necessary implications for mental health practitioners and health promotion.

2. Methods

A scoping review of various databases was conducted, as outlined below, to identify
intervention studies that used mental health apps for the general adult population over
the age of 18, with the purpose of presenting directions and possible research questions
for future research. It consists of six steps of identifying the research question, identifying
relevant studies, study selection, charting the data, collecting, summarizing, and reporting
results and recommendations [11,12].

2.1. Identifying the Research Question

The focus of this study is reflected in the following research questions: “What trends
have intervention studies followed when using mental health-related apps for the general
adult population?” and “What is the effectiveness of interventions that use mental-health
related apps?”

2.2. Identifying Relevant Studies

A literature search was conducted by 2 independent researchers from 1 October 2019 to
30 December 2019 on mental health app-related intervention articles published in a journal
between January 2010 to 2019. For data collection, Korean search engines (RISS (Research
Information Sharing Service) and DBpia) and international search engines (MEDLINE,
CINAHL, EMBASE, PsycINFO, Cochrane Library) were used. Google Scholar was used to
manually search and verify the references of selected articles for inclusion of grey literature.
Language was limited to English and Korean.

The keywords used for searches using international search engines were: m-health
or “mobile health;” “mobile app*”/or mms*/or smartphone*/or “ipad” or “ipod” or
“iphone*”/or “ipod*”; mental health* or “mental health treatment” and “program*” stress*
depress* or depression or exp “depressive disorder, general * anxi*” or “social anxi*”/exp
anxiety disorders, well-being or wellbeing, emotional labor or emotional labor, resilience or

2



IJERPH 2021, 18, 2459

resiliency or resilient. The keywords used for searches using Korean search engines were:
mobile app, mobile application mobile*, smartphone, mental health, mobile health. The
search strategy combined keywords using the Boolean operators “AND” and “OR,” and
limited results to articles published in English or Korean. Furthermore, studies in which
the subjects were not adults, studies in which subjects received psychiatric medication or
treatment, studies without interventions using apps, studies without intervention outcomes,
studies that did not provide original text, qualitative studies, review papers, and studies
with irrelevant topics were excluded.

2.3. Study Selection
2.3.1. Study Population

This study selected articles that targeted the general adult population aged over
18 years, thus excluding nonadult subjects, neuropsychiatric drug users or those undergo-
ing treatment, studies without app interventions, and studies without research outcomes.
Studies that did not involve original research, qualitative studies, review articles, and
studies not related to the research area were also excluded.

2.3.2. Interventions

The selected interventions were mental health apps that showed improvements
through mobile use. This study was general in that all sorts of intervention methods
that involved mobile use for the purpose of mental health promotion were selected.

2.3.3. Comparisons

Comparative interventions included all intervention studies in which a comparison
was made to nonintervention groups, waiting lists, and groups that received conventional
treatment.

2.3.4. Outcomes

The selected outcome was the effectiveness of the mental health app intervention,
where studies that presented results of measurements using tools such as stress, depression,
anxiety, and well-being were selected.

2.3.5. Study Design

The selected study designs were randomized controlled trials (RCTs), nonrandomized
controlled trials (NRCT), and research studies; 28 articles were selected based on the
data selection criteria. The initial search by inputted keywords in respective databases
yielded the following results: in the Korean literature, 37 articles in RISS and 59 articles
in DBpia; in the international literature, 85 articles in MEDLINE, 344 articles in CINAHL,
493 articles in EMBASE, 116 articles in PsycINFO, and 54 articles in Cochrane Library; a
total of 1205 articles.

There were 258 articles that overlapped in the initial search, leaving 930 articles for
review. Upon review of the titles and abstracts of the 930 articles, 28 articles met the
selection criteria; 11 articles were selected upon further exclusion of studies based on
app accessibility, studies that only presented preliminary research, study design, and case
reports. Three articles were then added for inclusion of grey literature, based on a review
of references used in major journals, consequently leading to a final selection of 14 articles
for analysis (Figure 1). The literature search and selection process were independently
reviewed by two researchers, and, in case of a disagreement, sufficient discussion on the
reasons for article selection and exclusion was conducted.

3
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Figure 1. Flow diagram of the study selection processes for scoping review.

2.4. Quality Evaluation of Selected Literature

To evaluate the quality of the selected literature, a critical review was conducted
using the Scottish Intercollegiate Guidelines Network (SIGN) Checklist, a methodological
quality assessment tool [13]. The SIGN Checklist involves a comprehensive evaluation
of methodological quality of a study, a general evaluation of quality based on potential
bias, and combined approach evaluating the type of study design and its execution [14].
The SIGN Checklists are comprised of the following 10 sections: appropriate and clear
questions; randomization; adequate concealment; blinding; similarity of treatment and
control group; treatment differentiation; standard, validity, and reliability of measurement
devices; dropout rate; intention to treat analysis (ITT); and confidence between results
at all sites. The primary evaluation consisted of “Yes” or “No,” “Cannot say,” and “Not
applicable” as according to the checklist, while the overall quality of the studies were
ranked based on the number of sections that received a “Yes,” for a final evaluation
based on the following guidelines: studies with more than seven sections rated “Yes”
were considered ++(high quality); studies with 5~6 ‘Yes’s were +acceptable; studies with
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2~4 ‘Yes’s were –(low quality); and studies with less than one ‘Yes’ were unacceptable and
therefore deleted. The quality evaluation process was independently conducted by two
researchers; in case of a disagreement, the final decision was reached after consultation and
sufficient discussion with a third researcher.

2.5. Charting the Data

Two researchers analyzed and encoded the 14 selected articles. The encoded data
were analyzed by serial number, researcher(year), name of the app, application program
and theoretical evidence, study design, variables, number of samples, intervention subject,
intervention period, and results.

Two researchers independently analyzed the 14 studies selected before December 2019,
followed by a cross-analysis to ensure the appropriateness and accuracy of the content of
the primary analysis. If discussions on omissions, errors, or inconsistencies were deemed
necessary, the analysis was conducted after an agreement was reached following enough
discussion. If there was any conflict, it was consulted to another author.

3. Results

3.1. General Characteristics of the Literature

As there were articles analyzed up until 2013 [15], articles from studies conducted
after 2010 were included in the search. The general characteristics of the final 14 articles
selected to analyze the effectiveness of mental health apps in adults, are as shown in
Table 1. There was one article published between 2010 and 2015 (7.1%) [16] and 13 articles
published after 2016 (92.9%) [17–29], which made up most of the selected papers. The study
designs of the selected articles were one research study (7.1%) [17], 10 RCTs (Randomized
Controlled Trial) (71.4%) [16,19,20,22,24–29], and three NRCTs (Nonrandomized Controlled
Trial) (21.4%) [17,20,22]. In terms of the intervention subjects, there were various types,
with three studies on normal adults (21.4%) [17,24,25], three studies on symptomatic cases
(21.4%) [18,19,21], two workers (14.3%) [16,22], two nurses (14.3%) [23,29], one soldier
(7.1%) [26], and three students (21.4%) [20,27,28]. The duration of intervention varied from
2 to 24 weeks, with nine studies less than four weeks long (64.3%), three 8-week studies
(21.4%) [20,21,26], one 12-week study (7.1%) [25], and one 24-week study (7.1%) [22]. Over
60% of the selected studies lasted for less than four weeks [16–19,23,24,27–29].

Table 1. General characteristics of selected 14 studies.

Variables Categories N (%)

Publication
Year

2013∼2015
2016∼2019

1 (7.1)
13(92.9)

Research
Designs

Randomized controlled trials
Nonrandomized controlled trials

Survey

10(71.4)
3(21.4)
1 (7.1)

Intervention
Group

The general adult population
Psychological clients

Employees
Students
Nurses
Soldiers

3(21.4)
3(21.4)
2(14.3)
3(21.4)
2(14.3)
1 (7.1)

Intervention
Duration

below 4 weeks
8 weeks

12 weeks
24 weeks

9 (64.3)
3 (21.4)
1 (7.1)
1 (7.1)

3.2. Quality Evaluation of the Literature

Overall, the quality assessment of 13 of the selected articles, excluding one research
study, yielded the following results: two studies [18,21] received a (-); one study [16]
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received a (+); and 10 studies [19,20,22–29] received a (++) (Table 2). The evaluation of
the methodological quality of each of the selected studies indicated that all studies had
adequately and clearly stated research questions [16–29]. Additionally, limitations in the
quality assessment included issues regarding blinding and adequate concealment [19,26]),
as well as cases in which a clear description of the survey procedure on app usage was not
provided [16,29]. The dropout rate of study participants varied, from 0% [16,19,23,26] to
69.7% [25].

3.3. Summary of the Literature

One study [17] analyzed the effects of a mobile app (MoodPrism) through hierarchical
regression analysis. MoodPrism is a self-monitoring app that examines the impact of
subjects’ emotional self-awareness on their mental health. A program involving 234 partici-
pants demonstrated an impact of 18%, 20%, and 37% on depression, anxiety, and mental
well-being, respectively (Table 3).

3.4. Experimental Research Using Mobile Apps

In total, there were 13 intervention studies using mobile apps [16,18–29]. The purposes
of such mobile app interventions varied, including stress management, reduction of anxiety,
reduction in depression, increase in well-being, and provision of feedback on mental
health apps. The intervention period also varied, ranging from 2 to 24 weeks in duration.
More specifically, there was one 2-week study [18], one 3-week study [16], three 30-day
studies [17,20,24,28], two 4-week studies [19,23,27,29], two 8-week studies [21,26], one
12-week study [25], and one 24-week study [22].

For studies in which the purpose of the intervention was to provide feedback on the
application of mental health apps, the results were measured in several ways. The result
variables from the measurements of the effectiveness of the mobile app are as follows—
13 articles on stress [16–18,20–29], nine articles on depression [17,18,21,24–29], 10 articles
on anxiety [17–19,21,24–29], and five articles on well-being [17,20,24,27,29]. Furthermore,
quality of life [19,20], self-efficacy [17,24,29], alcohol dependency [25], hyperventilation [19],
sleep quality [27], work productivity [27], resilience [28], fatigue [23], mental health lit-
eracy [17,24], and emotional labor [29] were examined, and five articles [17,18,23,26,29]
explored the accessibility and functional characteristics of the mobile applications (Table 3).
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3.5. Mobile App Programs and Theoretical Evidence

The mobile apps used in the studies were, “It’s time to relax!” [16], “MoodPrism” [17],
“ACT Daily” [18], “Flowy” [19], “Headspace” [20], “IntelliCare” [21], “internet-based stress
management intervention (iSMI)” [22], “smartphone delivered mindfulness (SDM)” [23],
“Mhapp (MoodKit, MoodPrism, MoodMission)” [24], “Cognitive Control App” [25],
“mHealth” [26], “DeStressify” [27], “Headspace & Smiling Mind” [28], and “Mind Healer” [28].
Of the 14 articles, the most used apps were based on mindful meditation, used in five stud-
ies [16,20,23,27,28] (35.7%). Four studies used [23–26] cognitive behavioral therapy apps;
one study [22] used a complex program involving problem-solving, relaxation, and accep-
tance tolerance therapy based on stress theory; one study [18] used an acceptance tolerance
therapy app based on ecological momentary intervention (EMI); and another study [29]
used a complex program involving meditation, yoga, and sound. There were two studies in
which theoretical evidence was not provided, each using a breathing exercise app [19] and a
mood-monitoring app [17].

• “It’s time to relax!” [16] is a stress management program developed by an Android
smartphone app. Based on a mindfulness protocol, the app was designed so that users
could follow instructions and practice meditation for free.

• “MoodPrism” [17] is an app developed to monitor and provide feedback on the user’s
emotional state by converting the daily mood report to incorporate health aspects.
The app also provides links on mental health information and resources.

• “ACT Daily” [18] is an EMI app designed to support the improvement and generaliza-
tion of ACT (Acceptance and Commitment Therapy) technology, on which the users
self-report emotions such as depression, anger, violent thoughts, and feelings of being
trapped, and rate them on a Likert scale. Information is then provided on ways to
alleviate such emotions.

• “Flowy” [19] is an app developed as a set of breathing-retraining exercises to manage
anxiety, and uses simulations such as games to enable the user to subconsciously
utilize breathing techniques.

• “Headspace” [20] and “smartphone delivered mindfulness (SDM)” [23] are based on
mindful meditation techniques designed to encourage users to meditate for a few
minutes each day to reduce stress, and provides information for a good night’s sleep.

• “IntelliCare” [21] is an app developed with the purpose of reducing depression or
anxiety caused by sleep disorders, social isolation, or lack of physical activity, based
on acceptance and commitment, conscious behavior, optimism, and problem-solving
techniques.

• “iSMI (Internet-based stress management intervention)” [22] is an internet-based
stress management program aimed to reduce stress, comprised of eight modules using
problem-solving, relaxation, and acceptance tolerance therapy. Through adherence
monitoring by an E-coach and presenting feedback pertaining to the user’s needs,
an opportunity for the user to develop self-guided health promotion and behavioral
change is provided.

• “Mhapp (MoodKit, MoodPrism, MoodMission)” [24] is a study involving the use of
3 apps—“MoodKit” and “MoodMission” are apps designed to manage depression,
anxiety, and stress based on cognitive behavioral therapy. Upon analyzing mood,
activity, values, and sentiment, it provides individualized goals that the user can
choose and work towards.

• “Cognitive Control App” [25] is an app designed for the user to actively self-regulate
behavior through choosing appropriate activities and refusing activities deemed
inappropriate. It uses Cognitive Control Therapy (EVO), Problem-Solving Therapy
App (iPST), Information Control (Health Tips) apps to facilitate both problem-solving
abilities and provision of health information.

• “mHhealth” [26] is a mobile app with a combination approach involving wearables
and cognitive behavioral therapy to reduce stress, depression, anxiety, and rage,
developed to compensate for limitations observed in traditional approaches involving
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only cognitive behavioral therapy, such as dropout and loss, as well as the shortage
of objective data between user experience and cognitive behavioral therapy sessions.
Additionally, it provides objective data for the users and providers by identifying
the user’s condition through cardiovascular and electrodermal input from wearable
devices, enabling the detection of psychological stress.

• “DeStressify” [27] is a commercially available meditation app that provides guided
meditation through audio, video, and text files. There are free and pro versions of
the app, both of which are organized into visualization, gratitude, imagining one’s
ideal life, and finding purpose. In the pro version, additional functions including
the options “my friends,” “nutrition,” and “shop” are offered. Such functions are
intended to manage symptoms of stress, anxiety, and depression.

• “Headspace & Smiling Mind” [28] is a preregistered meditation app with over 100,000
downloads on the Google play app with high-quality mobile ratings. ‘Headspace’ is
designed for users to download the app and complete a basic 10-day training session
on mindful breathing, body scan (systematically focusing on certain parts of the body),
practice of nonjudgement of thoughts and emotions, and sitting meditation, then
access other meditation tracks for the following 30 days using a prepaid voucher.
“Smiling Mind” is a smartphone app developed by a psychologist and an educator
that provides a variety of meditation programs for a diverse audience in different age
groups. The adult program is designed for everyday use for 10 days, followed by
continuous use for another 30 days to manage mental health using “Smiling Mind.” If
the content is deemed insufficient, the user can select contents of their choice.

• “Mind Healer” [29] is an app developed for workers and the general adult population
to manage stress and involves a psychological test and a PPG sensor that measures
heart rate, enabling users to measure their mental health status, thus increasing
workers’ self-awareness. Additionally, if stress, anxiety, or depression is detected, a
short-term healing program is offered, providing breathing, meditation, music, and
yoga practices for healing and management of mental health. By also providing
materials for mental health education, the app enables users to promote mental health
by themselves.

3.6. Effectiveness of Mental Health Interventions using Mobile Apps

The analysis of the 14 articles demonstrated that mobile mental health promotion apps
were indeed effective in improving mental health. More specifically, mindful meditation
apps [16,20] commonly demonstrated a significant reduction in stress, and when 56 Italian
workers were subject to performing meditation for three weeks, significant reductions were
observed in hyperactivity and accelerated behaviors in addition to stress [16]. Meanwhile,
a 30-day trial of mindful meditation in 88 medical students also demonstrated a signif-
icant reduction in stress and increased well-being, displaying lasting effects of mindful
meditation [20]. In a study involving a 4-week trial of mindful meditation in university
students, a significant reduction in trait-anxiety and significant improvements in general
health, energy, and emotional wellbeing were observed [27]. The use of an intervention
app based on the stress model by 264 workers demonstrated a significant reduction in
stress after seven weeks of use, which was maintained in follow-up observations from
seven weeks to six months of use [22]. Furthermore, in a study involving the distribution
of 626 normal adults into three groups, each using a Cognitive Control Therapy app, a
Problem-solving Therapy app, and an Information Control app, no significant differences
were observed between weeks 4 and 8, but a higher recovery rate was observed in the
group using the Cognitive Control Therapy app at four weeks compared to the group
using a health information app [25]. When adults with mental health disorders were
subject to using apps that provided a 4-week training program on breathing, a significant
improvement in quality of life was reported, along with reductions in anxiety, panic, and
hyperventilation, though the observed differences were not significant [19]. In the case of
the study on the IntelliCare app [21], in which interventions on commitment to acceptance,
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cognitive behavioral therapy, and positive psychology were provided to 96 adults, signifi-
cant reductions were observed in both depression and anxiety. A 2-week intervention using
an app providing EMI-based Acceptance and Commitment Therapy in 14 depressed and
anxious patients demonstrated significant reductions in anxiety, psychological inflexibility,
cognitive fusion, obstacle, and acceptance [18]. A study involving an 8-week provision
of cognitive behavioral therapy through an app to 35 American soldiers demonstrated
significant reductions in stress, anxiety, and depression [26], and when cognitive behavioral
therapy was provided to 226 normal adults through an app, improvements in emotional
well-being and self-efficacy in coping were observed, along with reduced anxiety. In
the Moodkit and Moodmission groups, especially, significant reductions in depression
were reported [24]. When cognitive control therapy was provided to normal adults with
depressive symptoms for 12 weeks, significantly higher rates of recovery were observed
after four weeks, compared to the control group [25]. When cognitive behavioral therapy
was provided to 95 newly appointed pediatric nurses for 4 weeks, significant increases
were observed in acting with awareness and nonreactivity to inner experience, along with
reduced in burnout and increased compassion satisfaction. Additionally, in a 4-week
trial of the Mind Healer app in workers, significant reductions were observed in stress
and emotional labor, while significant improvements were observed in well-being and
self-efficacy following app use [29].

4. Discussion

Given the recent emergence of mobile apps as a tool for mental health intervention,
this study presents a scoping review of intervention studies that used mental health-related
apps for the general adult population over 18 years, to present directions for future research.

The study identified intervention methods and their effectiveness, as well as implica-
tions for the further development and application of intervention programs for improving
mental health in the general adult population, by analyzing intervention studies using
mobile apps.

Mobile mental health application research has accelerated since 2016, which appears
to be related to the rapid growth in the number of smartphone users [3,4]. Subsequently,
the number of studies has increased as more people have access to mobile applications,
and as the interest in and demand for mental health services has increased [1].

Experimental studies (92.8%) were the most used research design, of which well-
designed RCTs accounted for 71.4%. On the contrary, in another systematic review of
smartphone apps for treatment of mental disorders, it was found that RCTs are still a
minority, at 15.8% [30]. In the future, a well-designed RCT study is needed to expand the
application of mental health services to various populations and to present evidence for
the effectiveness of these apps.

The participants in the reviewed studies were the general adult population, psycho-
logical clients, employees, students, nurses, and soldiers. Particularly, mobile mental health
applications were applied as a primary preventive method for mental health management,
not for patients diagnosed with mental illness but for the general population. In the future,
studies that compare and analyze the trends of mobile application use and the primary
preventive effects for general populations should be conducted.

Intervention studies on mobile apps involved the development of new apps as well as
existing apps, depending on the purposes of the study. Approaches using wearables were
also included to promote mental health. Nonetheless, real-life applications of such apps
on the general adult population are currently limited, with most of the developed apps
designed to target subjects who already have mental health problems or to support clinical
treatments [29]. Additionally, screening apps designed to classify high-risk adult subjects
in relation to stress, depression, and anxiety were being developed and operated [31]. It
was demonstrated that various attempts on assessments and interventions using mobile
apps were being made in a variety of aspects, with the majority targeting the general adult
population [32]. As the stigma around psychological treatment is the biggest factor that
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hinders the mental health promotion, there is an urgent need for the use of mobile apps
for the provision of intervention, education, and consultation services for mental health
promotion in Korea [31]. Addressing mental health using mobile apps has the advantages
of providing researchers with a database to make up-to-date observations and develop
future interventions from, and providing users with a way to become self-aware of their
current status and changes, considering most users must download and sign into the
apps [33].

Although the duration of app use varied from two weeks to six months and the
effectiveness of the apps were evaluated following the intervention in existing studies,
there was a lack of research on the lasting effects of mobile app interventions. The analysis
of the existing studies indicated a shortage of research on the prolonged use of the apps.
Furthermore, Donker et al. [15] indicated that the rates of prolonged use of mHealth apps
were low. Therefore, considering the sustainability aspect of the mental health promotion
apps and the fact that rates of continuous use decrease with longer intervention periods,
there is a need to identify ways that support the continuous use of the apps. As a response,
there have been studies that have applied the information–motivation–behavioral skills
model to mental health apps [31,34], which indicate that because motivation strengthens
behavior [35], subjects who acquire both health information and motivation gain the
capacity needed to continue to perform healthy behaviors, which brings about actual
behavioral skills [36]. Therefore, it can be presumed that strategies involving active efforts
to increase the effectiveness of interventions and sustainability will need to be inserted into
the context of the app during development, provided through immediate motivation, or
provided through continuous relevant feedback for emotional support in future mobile
app applications [29]. On the other hand, it was difficult to compare the effectiveness of
mobile apps as there were variables other than stress, depression, anxiety, and mental
well-being measured to evaluate the effectiveness of the mobile app use and interventions,
not to mention inconsistent results.

Recently, there has been a lot of meta-analysis of the effectiveness of mobile interven-
tions in specific mental disorders and in health psychology [37–39]. Although meta-analysis
was performed on the general population, the effects of mobile app intervention itself
could not be confirmed because the effects of the interventions, mixed by mobile app
and web-based interventions, were identified [40,41]. Meta-analysis of the effectiveness
of mobile app intervention in the general population is still not enough. In the future, a
meta-analysis on the effectiveness of mobile app interventions for the general population
may be needed.

Upon analysis of the programs and theoretical evidence involved in mental health
apps, it was evident that most mental health apps were developed based on therapy rather
than a theoretical framework. There are more than 3000 mental health apps available
for Android, Apple, and Microsoft [15,42]. In a recent review of the existing commercial
mHealth apps for the most prevalent health conditions on the Global Burden of Disease
list provided by the World Health Organization, it was concluded that the development of
mHealth apps was driven by commercial and economic motives, rather than scientific mo-
tives, as observed by previous studies [43]. Therefore, there is a need for the development
and distribution of mobile apps with evidence-based content [32], along with consumer
education, to enable users to select reliable, effective high-quality apps [44].

Additionally, despite the large amount of mobile app development due to the rapid
growth and development of mental health technology, there remain important issues and
risks involving insufficient quality control [45]. As such, more research and processes
for the development, testing, and distribution of evidence-based mHealth are needed to
promote mental health effectively. Furthermore, there is a need for nationwide support
in developing and distributing high-quality content for mental health management apps.
Additional efforts are required to identify the best ways a mobile app can be used to
address components [46] such as the development and application of methods to evaluate
interactive mechanisms from physical measurements [47,48]. Mental health problems arise
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not only from congenital factors, but through a complex mechanism of various factors [49].
Thus, there is a need not only for customized apps that take the demands of the users into
account, but also for mobile apps that enable the simultaneous management of physical
and mental health alongside stress prevention [29,50].

Recently, there have not been many mental health intervention studies using mobile
apps on the general adult population. Therefore, caution is required when generalizing and
interpreting the results of this study. In the meantime, as the mobile app approaches and
usage are increasing, mental health workers must continue to evaluate whether various
apps are developed upon sound, scientific evidence [42,44,51] and whether the effectiveness
of the interventions was examined using appropriate and reliable tools [32], and enforce
reliability through further research [52]. Continuous management and attention may
also be needed from the government to enable the use of efficient and effective mobile
apps [53]. Additionally, efforts should be made to prevent health inequalities related to age,
socioeconomic status, and health literacy by identifying and encouraging a wide range of
smartphone and health app users [54]. The development and use of mobile apps taking
such points into consideration will enable the effective and systematic management of
adult mental health, and ultimately prevent and alleviate mental health problems.

This paper analyzed studies on apps used for mental health promotion in the general
population to present a scoping review, which is a research methodology used to present
future research directions to clinical practitioners and guide further studies. In addition,
since the scoping review study does not perform quality assessments, there is a potential
risk of methodological bias. To overcome methodological limitations, a quality assessment
for practical studies was performed after selecting the literature.

This study included RCT, non-RCT, and descriptive studies for the literature review
on the subject scope, and excluded theses and academic conference presentations, among
other possible variants of presentational forms, because the analysis was focused on journal
articles. Moreover, unpublished studies were not included in the analysis.

5. Conclusions

According to the results obtained in the study, there were a total of 14 studies per-
taining to mobile healthcare service research done using mobile health promotion apps
developed by mobile app providers on healthy adults to examine its effectiveness. The
analysis of the literature demonstrated that mindful meditation was most applied in mental
health intervention programs using mobile apps. Other intervention programs included
cognitive behavioral therapy apps, complex programs made up of a variety of different
components, and apps based on the stress model and breathing exercises. Mental health
apps encouraged awareness of self and provided information pertaining to the user’s
current status, and were comprised of components such as music, meditation, breathwork,
quotes, videos, nature sounds, and health information. Such apps reduced stress, anxiety,
and depression and improved well-being, but faced challenges in that there were only
a small number of intervention studies, making the generalization of the study findings
difficult. They may be helpful in the development and application of mobile apps for
adults in the future.

Based on the results, the following suggestions can be made. A meta-analysis should
be conducted on the research studies on mobile apps to confirm the effectiveness of
apps. Moreover, the validity of mobile apps for mental health promotion for the general
population can be improved by the development and application of mobile apps that
satisfy the needs of users through further research on user demand.
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Abstract: Background: Heart Rate Variability Biofeedback (HRVB) is a treatment in which patients
learn self-regulation of a physiological dysregulated vagal nerve function. While the therapeutic
approach of HRVB is promising for a variety of disorders, it has not yet been regularly offered
in a mental health treatment setting. Aim: To provide a systematic review about the efficacy
of HRV-Biofeedback in treatment of anxiety, depression, and stress related disorders. Method:
Systematic review in PubMed and Web of Science in 2020 with terms HRV, biofeedback, Post-
Traumatic Stress Disorder (PTSD), depression, panic disorder, and anxiety disorder. Selection, critical
appraisal, and description of the Random Controlled Trials (RCT) studies. Combined with recent
meta-analyses. Results: The search resulted in a total of 881 studies. After critical appraisal, nine
RCTs have been selected as well as two other relevant studies. The RCTs with control groups
treatment as usual, muscle relaxation training and a “placebo“-biofeedback instrument revealed
significant clinical efficacy and better results compared with control conditions, mostly significant.
In the depression studies average reduction at the Beck Depression Inventory (BDI) scale was 64%
(HRVB plus Treatment as Usual (TAU) versus 25% (control group with TAU) and 30% reduction
(HRVB) at the PSQ scale versus 7% (control group with TAU). In the PTSD studies average reduction
at the BDI-scale was 53% (HRV plus TAU) versus 24% (control group with TAU) and 22% (HRVB)
versus 10% (TAU) with the PTSD Checklist (PCL). In other systematic reviews significant effects
have been shown for HRV-Biofeedback in treatment of asthma, coronary artery disease, sleeping
disorders, postpartum depression and stress and anxiety. Conclusion: This systematic review
shows significant improvement of the non-invasive HRVB training in stress related disorders like
PTSD, depression, and panic disorder, in particular when combined with cognitive behavioral
therapy or different TAU. Effects were visible after four weeks of training, but clinical practice in a
longer daily self-treatment of eight weeks is more promising. More research to integrate HRVB in
treatment of stress related disorders in psychiatry is warranted, as well as research focused on the
neurophysiological mechanisms.

Keywords: self-control; HRV; HRV-Biofeedback; PTSD; depression; anxiety; sleeping disorder; stress;
psychophysiology; neurophysiology; Vagal Tone; coronary artery disease

1. Introduction

Heart Rate Variability (HRV) is a neurobiological marker of the autonomic nervous
system (ANS) with decreased HRV indices being associated with a variety of negative
physical and psychological outcomes [1–5]. Heart Rate Variability Biofeedback (HRVB) is
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IJERPH 2021, 18, 3329

a non-invasive treatment, in which patients are assumed to self-regulate a physiological
dysregulated vagal nerve function by restoring the autonomic homeostasis [6–8]. This is
relevant for stress-related disorders such as sleep disorders, anxiety, asthma, fibromyalgia,
recovery of heart failure, and others. In this time of COVID-19 more knowledge about self-
control, Digital Health and a balance in the Autonomic Nervous System (ANS) is relevant.

HRVB affects cardiovascular homeostatic reflexes by increasing flexibility and recov-
ery from fight or flight adaptive situations [9]. Thousands of studies have been published
about HRV and HRVB. Most of the studies are focused on HRV as marker for instance as
predictor of physical outcomes anxiety disorders and PTSD, cancer recovery [10–13]. HRVB
has been characterized as making visible the neurophysiological effect of meditation [14].
Work-related stress develops gradually and effects both the physical and mental health of
those experiencing it, which can eventually lead to burnout. Work related stress symptoms
include insomnia, sleep disturbances, menstrual disorders, irritation, and depression [2].
HRV represents the ability to adapt to stress and is a marker of physiological stress [1].
Higher HRV amplitude indicates better self-regulation and is associated with lower cardio-
vascular risk and alleviating symptoms of stress, anxiety [15–17]. A recent meta-analysis
affirms the efficacy of HRVB with wearable devices on self-reported stress [18].

In this study different HRV-Biofeedback devices are reported like StressEraser, Infinity
HRV-Biofeedback and Balance Manager. In this study we will focus on HRV-Biofeedback
studies as additional treatment in clinical practice.

In 1996, the Taskforce of the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology formulated definitions of the various HRV met-
rics [1]. These international standards: High Frequency(HF), Very Low Frequency(VLF),
and Low Frequency(LF) are derived by spectral analysis of the interbeat interval (RR).

VLF (very low frequency = 0.003–0.04 Hz), when measured over long time frames,
has been interpreted as reflecting sympathetic activity (Action); LF (low frequency = 0.04–
0.15 Hz) reflects the combination of sympathetic and vagal balance (Balance), though recent
studies have questioned this interpretation, and HF (high frequency = 0.15–0.4 Hz) is
interpreted as reflecting vagal activity (Calm/sleepy) (see Figure 2).

We can describe this as ABC: Action, Balance, or Calm/Sleepy, where A indicates
dominance of VLF (Action in the mind or body)

B indicates Balance between sympathetic and vagal activity or LF, and C indicates
dominance of HF (Calm/sleepy) (see Figure 1).

Figure 1. HRV (Heart Rate Variability) patterns (tachogram).

Autonomic Balance is the marker of the state of the ANS. Unconscious perception of
safety is reflected in higher HF values, while threat produces HF (vagal) withdrawal and
sympathetic activation. Autonomic balance is defined in terms of complex heart rate (HR)
patterns that increase and decrease in response to respiratory fluctuations (Figure 2).
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Figure 2. HRV as composition of 3 oscillation processes [7]

However, when clients shift to slow effortless breathing patterns (as shown above),
they stimulate reflexes in the Autonomous Nervous System (ANS) and Central Nervous
system (CNS) that, over time, “rewire” these systems so as to enhance ANS flexibility. This
formula, during slow effortless breathing, LF: (VLF+LF+HF) can be used as an index of the
client’s success in achieving their training goals. This formula is used in HRV-Biofeedback
instruments Balance Manager and StressEraser Pro. After 20 years of research and clinical
work, this formula was maybe more effective than LF:HF.

HRVB is a natural oscillation between the breathing cycle and heartrate. Inhalation
temporarily suppresses vagal activity, causing a decrease in the inter-beat interval and
an increase in heart rate; exhalation activates vagal activity, causing an increase in the
inter-beat interval and a decrease in heart rate [19]. Heart rate is a dynamic function that
varies in each moment. An HRV pattern (tachogram) is a composition of three oscillation
processes: Respiratory Sinus Arrhythmia (RSA), baroreflex, and vascular rhythm [19].

Until 1996, HRV was primarily used as marker of the autonomic nervous system, but
in 1996 Paul Lehrer (in collaboration with Evgeny Vaschillo) reported the observation that
if you breath in the frequency of the baroreceptor and you slow down the tertiary oscillator
(quietly not moving too much) than the ANS come into autonomic balance.

The body can be brought into the state of autonomic balance through guided breathing
with HRV-Biofeedback. Breathing in the resonance frequency (between 0.05 and 0.15 Hz,
which is the same as 4–7 breaths per minute) can be compared to guiding someone on a
swing by pushing the swing at the correct moment to optimize their swing (resonance).
Breathing at resonance frequency trains the reflexes of the cardiovascular system, in particu-
lar the baroreflex [19]. Breathing in the resonance frequency (resonance between respiratory
and baroreflex rhythms) and using HRV-Biofeedback creates autonomic balance in the
ANS and in this study we will show the effects of training Autonomic Balance with HRVB.

Long standing stress, PTSD and traumatic incidents can disturb stability of the Vagus
nerve and create complex disturbances in heartbeat, HRV and hyperarousal, allowing
overactivation in the Sympathetic Nervous System [6,20,21]. Our nervous system is con-
tinuously evaluating risk in the environment through an unconscious process of neuro-
ception [22]. That is why it is innovative and important to integrate neurophysiological
body-focused and self-regulating methods like HRVB in treatment of depression, trauma,
and anxiety [23,24]. Reduced HRV amplitude has been found in patients with major de-
pression disorder (MDD) [25]. HRV is a biological marker of the autonomic nervous system
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with decreased HRV indices being associated with MDD patients and probably being a
biomarker of depression [26].

2. Method

In 2016, we published a systematic review and we now present an updated systematic
review [7]. This review is based on searches in PubMed and Web of Science with an
evidence- based critical review based on the GRADE method [27]. GRADE means Grades
of Recommendation Assessment, Development and Evaluation. GRADE can be compared
to the Prisma Statement with search terms: HRV (and synonyms) combined with PTSD,
combat disorder, depression, depressed mood, anxiety, panic disorder (Figure 3).

Figure 3. Flow diagram (for the selection of review articles).

Studies were screened by title and summary. This produced 881 articles. These articles
have been judged by two raters with GRADE criteria, based on relevance (design, valida-
tion, setting, period, protocol, scale) and results (starting measures, result, significance,
and missing data). The 46 selected articles have been screened again and the 11 selected
studies are described in Table 1 in next chapter. Inclusion criteria were HRVB as clinical
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intervention of depression, PTSD and anxiety disorder with adults. Exclusion criteria:
observational studies, anxiety studies with persons without disorders, children, other
languages than English and German. Other meta-analyses of HRVB were added to find the
evidence-based effects of HRVB treatment.

Table 1. The results of the selected studies.

RCT Studies HRVB for Treatment PTSD and Depression

RELEVANCE RESULTS

Autor Design n Domain Setting Period Scale Pre Post Reduction Signif.

RCT/SGT Exp Exp Exp Cont Pre-Post

Zucker
(2009)[28]

RCT
HRVB vs. PMR

38 PTSD 1e line
4 weeks

daily
PCL 52.6 38.6 27% 18% p < 0.05

BDI-II 26.4 12.3 53% 24% p < 0.05

Tan (2011)
[29]

RCT
HRVB vs. TAU

20 PTSD
Veteran

hosp
8 weeks

daily
PCL-S 64.8 54.4 16% 2% p < 0.05

CAPS 86.4 71.2 18% 9% p < 0.001

Rene
(2008) [30]

RCT
HRVB vs. PMR 46 Depression 1e line 8 weeks

daily BDI-II 35.0 7.8 78% 44% p < 0.005

Chaudhri
(2008) [31]

RCT
HRVB+DBT
vs sertraline

60 Depression univ.hos
12 weeks

daily
BDI-II 31.0 7.5 76% 29% p < 0.001

DERS 123.1 64.2 48% 8% p < 0.001

Patron
(2013)
[32]

RCT
HRVB vs. TAU 26 Depression

after infarct univ.hos 2 weeks
daily CES-D 15.3 8.9 42% 1% p = 0.02

Van der
Zwan
(2019)
[33]

RCT
HRVB vs.

waitinglist
50

Depression
Anxiety
Stress

University
pregnant
Women

5 weeks
daily

DASS
PSQI

5.45
6.55

2.
84.7

49%
21%

35%
10%

p = 0.039
p = 0.063

Karavidas
(2007)
[34]

SGT 11 Depression univ.hos 10 weeks BDI 26.0 12.5 52% - p < 0.001

Siepman
(2008)
[35]

HRVB
vs. healthy 38 Depression univ.h vs.

stud

4 weeks
3× a
Week

BDI 21.5 5.5 74% - p < 0.05

Thode
(2019)
[36]

RCT HRVB
vs. TAU 37 MDD LatinoHealth

center 4 weeks PHQ-9
GAD-7

16.42
11.08

10.85
6.50

40%
41%

7%
9%

p <0.05
p < 0.05

Lin
(2016)[37]

Case control
study 9 MDD

Depression
Heroin
users

5weeks
1× a
week

BDI-II
BDI
cogn

23
19

18.3
14.3

20%
25% - p > 0.05

Lin (2019)
[38]

RCT
HRVB vs.
med.care

48 MDD 3 hospitals 6 weeks BDI-II
PSQI

24.25
12.42

15.04
8.92

38%
28%

1%
5%

p = 0.007
p = 0.012

RCT: Randomized controlled trial; SGT: Single Group Trial; PMR = progressive muscle relaxation; DBT = dialectical behavioral therapy;
PPD: postpartum depression; univ.hos = university hospital; BDI: Beck Depression Inventory; PCL: PTSD Check-List; CAPS: Clinical
Administered PTSD Scale; CES-D: Centre Epidemiological Study-Depression; DERS: Difficulty in Emotion Regulation Scale; STAI: State-Trait
Anxiety Inventory; PHQ-9: Patient Health Questionnaire; GAD-7: Generalized Anxiety Disorder.

3. Results

Most studies were single blind studies except for studies of Karavidas and Siep-
man [35,39]. Double blind study is not possible in biofeedback studies. Al studies had a
high validity in presenting starting description and quality of outcome data.
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3.1. HRVB as Additional Treatment of Depression

One of the first single blind RCT HRVB studies was focused on 46 female depressed
welfare-to-work recipients in California. The HRVB-group (n = 20) and the control group
treated by progressive muscle relaxation (n = 26) received antidepressant medicine [30,40].

The HRVB group showed significant reduction in the Beck Depression Inventory (BDI)
score from 35.0 (SD 8.0) towards 17, (SD 12.6) in the first 4 weeks and after 8 weeks even
towards 7.8. In the control group, reduction was smaller: from 30.1 (SD 10.2) towards 16.9
(SD 13.3) in 8 weeks. Reduction of 78% HRVB, versus 44% in the control group.

Another early RCT study with StressEraser focused on 60 patients after myocard
infarct [31]. HRVB was integrated with dialectic behavioral therapy in conjunction with
sertraline medication. The control group only used sertraline medication. The reduction
on BDI scale was 76% after 12 weeks daily exercising 20 min with HRVB (BDI from 30.9
towards 7.5) versus 29% reduction in control group (BDI from 30.5 towards 22.0).

A third RCT as a bio behavioral intervention for depressive symptoms in patients after
cardiac surgery was in Italy [32]. HRVB group and control group, TAU group, received
both TAU that consisted of daily counseling sessions such as dietary and smoking cessation
counseling, weight management, and stress-management according to the guidelines of
the American Heart Association and the American Association of Cardiovascular and
Pulmonary Rehabilitation. The HRVB group added 2 weeks of daily 45 min biofeedback.
The significant reduction measured by CES-D (Centre Epidemiological Study-Depression)
scale after 2 weeks was 42% compared with the control group’s 1% reduction.

The psychophysiological mechanisms underlying depression as a risk factor for cardio-
vascular disease, cardiac morbidity, and fatal cardiac events after surgery are still debated.
In the Netherlands, a scientific clinical consortium called Benefit is focusing on cardiac
rehabilitation and prevention of cardiac diseases using lifestyle interventions and self-
regulation programs such as non-smoking programs, personal lifestyle coaching, blended
care with eHealth, HRV-Biofeedback, and mindfulness.

Another study in the Netherlands (University of Amsterdam), in cooperation with
Paul Lehrer (USA), is a randomized controlled trial with 20 pregnant and 30 non-pregnant
women, mean age 31.6 years [33,41]. The intervention consisted of a 5-week HRVB training
with weekly 60–90 min sessions and daily exercises with StressEraser. Research has
convincingly shown that high levels of maternal stress, anxiety, and depression during
pregnancy are not only harmful for the women herself, but may also affect the child she
is carrying. The control group was a wait-list group. The Depression Anxiety Stress
Scale (DASS) and Pittsburg Sleep Quality Index (PSQI) were administered pre- and post-
intervention. Effect sizes were larger in the HRVB group on all scales. The DASS depression
scale women started with a score of 5.45 and after 5 weeks went down to 2.8 (reduction
49%). The wait-list reduction was 35%.

In total, two studies of the Kaohsiung Medical University in Taiwan were selected
for review: HRVB with heroin users with depressive symptoms and patients with Major
Depression Disorder [37,38]. The prevalence of major depressive episodes among heroin
users has been found to be 25%. The nine participants had weekly sessions with HRVB
software. They had a reduction of 20% on the BDI depression scale, and 25% on the BDI
cognitive depression scale.

In 2019, at Kaohsiung Medical University, there was a RCT study with 48 participants
with MDD depression and insomnia [38]. The HRVB group received weekly 60-min
sessions for 6 weeks, and the control group received medical care only. The significant
reduction at the BDI-II scale was 38 versus 1% in the control group. The significant
reduction on the sleep disorder scale (PSQI) was 28% in the HRVB group and 5% in the
control group. In 2019, at Alliant University in San Diego USA, a dissertation was presented
with 37 participants with MDD and a Latino background [36]. There are different factors
that appear to limit the access and quality of mental health care for Latinos, including lack
of insurance, cultural barriers, stigma, distrust of medical providers, expression of distress,
and fear of deportation. The HRVB participants received four HRV-Biofeedback sessions,
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were trained in diafragmatic breathing and finding their personal resonance frequency.
They were provided with an app to be used as a pacer for daily exercising 10–20 min during
4 weeks in addition to sessions with their psychotherapist.

TAU participants completed four consecutive weeks of psychotherapy. Pre- and
post-tests show 39.9% reduction in the Patient Health Questionnaire (PHQ-9): from 16.42
(SD2.93) towards 10.85 (SD6.81). With the TAU group reduction was 6.6% from 17.70 (SD
4.61) towards 16.52 (SD 6.57). In the Anxiety test (GAD-7) reduction was 41.3%: from 11.08
(SD3.40) towards 6.50 (SD3.37) versus TAU 8.8% reduction: from 15.36 (SD 4.41) towards
14.00 (SD4.56).

3.2. HRVB as Additional Treatment of PTSD

Although the connection between HRV and PTSD was already well-known the first
RCT study of HRVB and PTSD was reported in 2009 [28,42–44]. In total, 76 participants
were recruited from an urban residential therapeutic community program for the treatment
of PTSD with comorbid substance use disorder. After randomization, 38 participants joined
the 4 weeks daily program. The HRVB group trained 20 min daily with the StressEraser and
the control group received daily 20 min Progressive Muscle Relaxation (PMR). The HRVB
group had significantly (p = 0.001) greater reductions in depression scores compared to
PMR (Progressive Muscle Relaxation) In HRVB group BDI-II reduced 53% (from 26.4 to 12.3)
and 24% (from 25.95 to 19.47). On the scale, 29–63 = severe depression; 20–28 = moderate
depression; 14–19 = mild depression; 0–13 = minimal depression. Reduction on PCL scale
was 27% (HRVB) compared to 18% (PMR).

A second RCT study, with PTSD and HRVB, was focused on participants of US
Department of Veteran Affairs—MEDVAMC [29]. In an 8 weeks program of weekly
sessions with the Resonance Frequency protocol of Lehrer et al., veterans were trained in
autonomic balance.

PCL score reduced significantly by 16% with HRVB while the TAU control group
(only TAU) reduction after 8 weeks was 9% (not significant). Patients reported a satis-
faction score of 8 (scale 1–10) and more than 50% wanted to continue using breathing in
resonance frequency.

In 2014 a systematic review for psychiatric disorders with integration of treatment with
HRVB was published [45]. In 2020, a systematic review and meta-analysis was published
showing HRVB improves emotional and physical health, and performance [46]. Their
initial review yielded 1868 papers from which 58 met inclusion criteria. HRVB has the
largest effect sizes for depression (Hedge g = −0.72 and p < 0.0005), anger (g = −0.54
and p < 0.02), emotion regulation (g = −0.34 and p < 0.0005), asthma (g = −1.357), and
athletic performance (g = −90), and smaller effect sizes on PTSD (g = 0.29) and quality
of life (g = 0.14). The average effect size of the 58 studies for HRVB and paced breathing
versus control conditions was found to be small to medium Hedge g = 0.37. High effect
size g = −0.8 medium effect size: g = −0.5 and small effect size: g = −0.2.

In our study, we focalized on Depression, PTSD and Anxiety and with the GRADE
method we got a smaller selection of 10 studies. Most of the selected studies showed a large
effect size [46]: [28] PTSD study: g = −0.739 [29] PTSD study: g = −0.296 [30] Depression:
g = −0.748 [32] Depression: g = −0.958

4. Discussion

In the first review of RCT studies of Heart Rate Variability Biofeedback the conclusion
was: “a number of research studies have given at least tentative support for the effectiveness
of HRVB for a wide range of medical and emotional disorders.” [19].

Below you can see the summary, with addition of the RCT studies after 2014 (Table 2):

25



IJERPH 2021, 18, 3329

Table 2. Search HRVB RCT studies.

Asthma [47] n = 64 p < 0.003 USA
Angina Pectoris [48] n = 63 p < 0.001 Canada
Angina Pectoris [11] n = 154 sig Taiwan

Anxiety [49] n = 15 sig South Korea
Anxiety [50] n = 40 p < 0.05 USA
Cancer [51] n = 5 p < 0.06 Belgium

Chronic fatigue syndrome [52] n = 28 sig Germany
Chronic Pain [53] n = 20 p < 0.001 USA

Coronary artery disease [54] n = 63 p < 0.001 USA
Coronary artery disease [55] n = 210 p = 0.001 Taiwan

Depression (see Table 1) n = 230 sig USA, Italy, Taiwan,
Netherlands

Emotion regulation [56] n = 58 sig Australia
Sleep apnea [57] n = 853 sig Brazil

Sleep [58] n = 69 p = 0.001 Japan
Selfcontrol Psychotic sympt [59] n = 84 p = 0.006 Germany

Stress and anxiety [18] n = 484 Hedges g = 0.81 USA
Stressreduction [60] n = 23 sig Netherlands

Pediatric Irritable Bowel Syndr [61] n = 24 sig USA
Postpartum depression [62] n = 55 p < 0.001 Japan

PTSD (see Table 1) n = 97 p < 0.05 USA
Trait Anxiety [49] n = 15 sig South Korea

While the first studies and RCTs were mostly done in USA, you can see the emergence
of high quality studies from all over the world (Germany, the Netherlands, Belgium and
the UK, South Korea, Taiwan, Japan, Brazil, and Australia).

In our manuscript the systematic review is focused on depression, PTSD, and anxiety.
Effects were visible after 4 weeks of HRVB-training, but clinical practice in a longer daily
self-treatment of 8 weeks showed more reduction on the BDI. Daily HRV-Biofeedback was
more effective than weekly training, as we see in the studies of Rene and Chaudri with the
StressEraser [31,40]. Perhaps three 8 min a day or two 10 min a day sessions are the most
effective7.

Interestingly, in the systematic review it was stated: “an interesting implication of our
findings is that length of treatment and home practice does not influence the effect size.
Perhaps learning how to breathe at resonance frequency provides a sufficient method for
most of the beneficial effects.”(p. 125) [46].

The StressEraser, used in many of the HRVB studies was a noninvasive portable
handheld device attempting to increase RSA using a respiratory training system. A highly
sensitive infrared light sensor detects tiny changes in the rate at which blood pulses through
the fingertip. The finger sensor has a photoplethysmograph to identify every pulse. The
StressEraser (Figure 4a) was a very effective device, because the resonance frequency
(resonance between heart rhythm and breathing rhythm) was automatically seen on the
screen. StressEraser is not any more available since 2015. However, the StressEraser Pro
(Figure 4b) has been developed for iPhone with more detailed information of HRV patterns:
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(a) 

 
(b) 

Figure 4. (a) StressEraser. (b) StressEraser Pro.

In this StressEraser Pro, you can read the tachogram, the frequency spectre with VLF
(Orange), LF (purple), and HF (green) and the training effect score: LF/(VLF+ LF + HF).

For Samsung phones the HRV biofeedback device ResCalm (Figure 5) has been devel-
oped in South Korea with 10 playful wave patterns like hills, mountains, and motivating
wave movements. Data definition is the same as the Balance Manager (Figure 6) for
Windows computer.

 

Figure 5. ResCalm.
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Figure 6. Balance Manager.

Additionally, in the Infinity HRV biofeedback devices (Figure 7), playful pictures are
effective in the treatment.

 

Figure 7. Infinity biofeedback.

All these devices were very effective, because users can install their personal frequency
and their preferred rate of inhalation–exhalation. While searching for different systematic
reviews, we also found a study that used HRV-Biofeedback devices that only used the
frequency of 0.1 Hz [63]. That study did not show significant results compared with the
devices where a client can install a personal breathing frequency like Balance Manager,
StressEraser Pro, and Infinity.

In spite of the significance and efficacy of HRVB showed in this systematic review
HRVB is not yet integrated into standard treatment. One of the most popular therapies
is Acceptance and Commitment Therapy (ACT) [64]. In most trials ACT is reported to be
superior or equally effective as cognitive behavioral therapy [65].Maybe it would be more
efficient for our health system to integrate psychophysiology like ACT, HRV-Biofeedback
and mindfulness in treatment of depression, PTSD, and anxiety disorders, because of the
efficacy, more self-control of the client, and lowering the cost of treatment [66].

Limitations

The search strategy was bias-free but limited to articles published in English.

5. Conclusions

More than 4000 studies that investigated HRV, show the relevance of HRV in neuro-
science related to a range of medical and emotional disorders and especially stress related
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disorders. Stress related disorders have a connection to a disturbance of the Autonomic
Nervous System and a dysregulated Vagus nerve.

This systematic review shows significant improvement of the non-invasive HRVB
training in stress related disorders like PTSD, depression and panic disorder, in particular
when combined with cognitive behavioral therapy or other TAU.

After critical appraisal from the 881 studies about depression, PTSD and anxiety, eight
RCT studies and two related studies have been selected. The RCTs with control groups
treatment as usual combined with muscle relaxation training, and a “placebo“-biofeedback
instrument revealed significant clinical efficacy and better results compared with control
conditions, mostly significant (p < 0.001).

In the depression studies average reduction at the Beck Depression Inventory scale
was 64% (HRVB plus TAU) versus 25% (control group with TAU) and 30% reduction
(HRVB) at the PSQ scale versus 7% (control group with TAU).

In the PTSD studies average reduction at the BDI scale was 53% (HRVB plus TAU)
versus 24% (control group with TAU) and 22% (HRVB) versus 10% (TAU) with the PCL
scale. Even with studies with groups from 26 to 60 participants there is significance efficacy,
so the effect size is very interesting.

In the different meta-analyses, significant effects have been shown of HRVB in treat-
ment of asthma, angina pectoris, coronary artery disease, sleeping disorders, prevention of
postpartum depression, and stress and anxiety.

More research on the integration of HRVB in the treatment of stress related disor-
ders in psychiatry is warranted. In addition, research focused on the neurophysiological
mechanisms will solidify the scientific basis of HRVB.

Nevertheless, because financial support for behavioral research has not reached the
level necessary to test thousands of, meta-analysis may be the best alternative for evaluating
these effects.
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Abstract: Although health apps have been developed and utilized in many countries, there is no
baseline study about what percentage of Korean workers use these types of health apps. Therefore,
the purpose of this study was to describe the work-related stress, health status, and utilization of
health apps of Korean adult workers. This descriptive study included 95 adults in South Korea. De-
mographic variables, work-related stress, health status, and utilization of health apps were obtained
using an online self-reported survey. Descriptive analyses were used to explore prevalence of each
variable. This study found that almost 65% of the participants fell into the higher work-related stress
group. About 41.6% of the participants in this sample evaluated their general health status as fair to
poor with 26.8% being overweight to obese and 11.6% having hypertension. However, only about
33.7% of the sample have used health apps. Therefore, utilization of health apps as health and stress
management tools should be encouraged at a public health level.
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1. Introduction

Mental health promotion in adults has great public health concerns and social signifi-
cance [1]. According to the results of the Korean Working Conditions Survey (KWCS), the
number of workers who experienced depression and anxiety in the past 12 months was
1.6% in 2010, 1.5% in 2011, and 1.4% in 2014. Considering the reluctance to expose mental
symptoms due to stigma at work and difficulties in returning to work after treatment, it is
expected that the number of workers will continue to increase in the future [2].

As of 2021, the number of Korean workers was 18,945 thousand, which is 36.7%
of the total population in Korea. According to classification of industries, the num-
ber of workers in manufacture was the largest (n = 3675 thousands), followed by sales
(n = 2286 thousands), health and social work service (n = 2045 thousands), education ser-
vice (n = 1677 thousands), and construction (n = 1378 thousands). Korean workers reported
that they worked 149 h per month and their monthly income was around $3075 [3].

1.1. Work-Realted Stress and Health Status of Korean Adult Workers

Recent studies of Korean workers’ stress found that Korean workers have experienced
high levels of stress at work [2–5]. Park, Kook [2] found that over-time working significantly
increased stress levels in Korean young adult workers. Job insecurity, a lack of reward,
and uncomfortable organizational environment have also been reported as work-related
stressors in Korean workers, which are typical Asian work environment which place
a heavy emphasis on diligence and senior authority [6,7]. More specifically, studies of
health care workers’ stress found that professional burnout was related to higher work-
related stress in medical doctors [8] and high emotional labor was one of the stressors in
interpersonal service workers in hospitals [9].
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Relationships between work-related stress and health problems have already estab-
lished in numerous studies. Some studies found that over-time working, job insecurity,
a lack of reward, and uncomfortable organizational environment significantly increased
the risk of depression, suicidal ideation, and musculoskeletal disease in Korean work-
ers [2,6,7,10]. In regards to specific types of job, work-related stress significantly increased
depression, anxiety, and sleep problems in Korean dentists [11] and suicidal ideation in
Korean firefighters [12]. Emotional labor and job insecurity also significantly increased the
risk of depression in female call center workers [13].

Similar relationships between work-related stress and health problems have also been
found in studies with Asian and various populations. Higher levels of over-commitment
and less organizational support significantly increased the risk of chronic fatigue syndrome
in Chinese nurses [14]. Higher stress significantly increased the risk of hypertension
in 530 Asian Americans [15], and alterations in circadian rhythm increased systolic and
diastolic blood pressure in night shift workers in airline companies [16]. Two studies
of diabetes found that work-related stress significantly increased blood glucose level
(HbA1C) [17] and the incidence of both prediabetes and diabetes [18].

Although Korean adult workers experience work-related stress and even stress-related
health problems, very few of them have utilized professional mental health service [19,20],
which might be due to a lack of knowledge on self-care including stress management and
not enough available resources in Korea. Since the onset of the COVID-19 pandemic, public
health orders including stay-at-home and physical distancing measures have put people in
more stressful situations, such as financial difficulties and changes from in-person to online
work environments. It is also evident that people have been reluctant to see a doctor for
the management of their current health conditions due to the fear of getting infected with
COVID-19 in health care settings, resulting in undermanaged health problems [21].

1.2. Status of Health Apps Use of Korean Adult Workers

Very recently, various health apps have been developed and utilized to help track their
blood pressure, blood sugar, food, exercise, weight, and even medications for prevention
and self-care purposes in Korea as well as other countries. Examples of health apps that are
widely used in Korea include “WishCare” [22], “MyTherapy” [23], and “HeLpy” [24]. In
addition to physical health apps, stress care apps have also been developed to manage their
stress and anxiety, featuring recommendations for mindfulness-based breathing techniques,
meditation, and healing sounds based on their stress and anxiety level (in mind [25],
KLAR [26], and “MindHealer” [27]).

Recently, studies of effects and efficacy of the health apps have been conducted in
other countries. Specifically, mindfulness meditation apps significantly decreased per-
ceived stress level in 88 medical students in the Unites States (Happy Healers) [28] and in
74 adults in the United Kingdom (Headspace) [29], and significantly decreased job strain,
distress, and systolic blood pressure in 238 healthy employees in the United Kingdom [30].
Music-based emotion regulation apps (Music eScape) was also effective in improvement
of emotional regulation skills and well-being in 169 young people with mild mental dis-
tress [31]. A study of effectiveness of an integrated health apps which offers diet, physical
activity, sleeping habits, stress, and alcohol use, is ongoing in 209 Sweden adult work-
ers [32]. Although many clinical trials about the effectiveness of health apps have been
emerged in many countries and found their effectiveness on health, there is no baseline
study about what percentage of Korean workers use these types of health apps. Therefore,
this baseline descriptive study looking at work-related stress and health status and status
of health apps use in Korean workers, is needed first.

1.3. Purpose of the Present Study

Therefore, the purpose of the present study was (1) to describe work-related stress and
health status in a sample of Korean adult workers and (2) describe status of health apps
use in this sample.
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2. Methods

2.1. Study Design

This descriptive study used a cross-sectional design to describe work-related stress
and health status, and status of health apps use in the Korean adult workers.

2.2. Participants and Setting

This web-based survey study included 95 adult workers in South Korea between
November 2018 and December 2018. The inclusion criteria were: (1) self-identified as
Korean; (2) between 18 and 65 years old; (3) able to communicate in Korean; (4) has an
electronic device, such as a cellphone, tablet, or PC; (5) understands the purpose of this
study. All participants who did not meet the inclusion criteria were excluded.

2.3. Procedure

Potential participants were reached out using social media in Seoul, South Korea. A
convenience sampling method was employed. A 4-part, web-based self-report survey
was developed using the Survey Monkey software and a survey link was sent to potential
participants. Potential participants were also asked to share this study information with
their friends if they are eligible for this study. A potential participant proceeded with this
study if s/he was interested.

2.4. Measures
2.4.1. Demographic Questionnaire

A 6-item investigator-developed demographic questionnaire was used. The items
included questions on gender (male and female), age (in years), educational level (high
school or below, college or Bachelor degree, and above graduate school), marriage status
(single, married, and others), types of job (white-collar, blue-collar, and others), and monthly
family income ($1809.00 or below, $1809.00–$3617.00, and above $3617.00).

2.4.2. Work-Related Stress

A short version of the Effort–Reward Imbalance Questionnaire (ERIQ) is a self-report,
4-point Likert scale to measure participants’ effort, reward, and over commitment at work:
Effort Scale (ES, 3 items), Reward Scale (RS, 7 items), and Over Commitment (OC, 4 items).
A sum of each subscale ranges from 3–12 for the ES, 7–28 for the RS, and 4–16 for the OC.
The Effort/Reward(ER) ratio was computed by placing the effort score in the enumerator
and the reward score in the denominator. The latter score was multiplied by a correction
factor prior to being placed in the denominator to adjust for the unequal number of items.
Correction factor was 0.4286 when the enumerator contained 3 items and the denominator
contained 7 items. An ER ratio higher than 1.0 indicates an imbalance between high effort
and low reward [33]. Cronbach alphas for our sample of Korean adults were 0.68 for the
ES, 0.80 for the RS, and 0.83 for the OC.

2.4.3. Health Status

Participants’ health status was assessed by three measures: general health status,
Body Mass Index (BMI), and health problems. To assess the participants’ evaluation of
their overall health, one question was answered on a five-point scale consisting of the
answers excellent, very good, good, fair, and poor. BMI was computed by putting weight in
kilograms in the enumerator and height in meters squared in the denominator. Scores below
18.5 are considered underweight, scores between 18.5 and 24.99 for normal, scores between
25.0 and 29.99 for overweight, and scores above 30.0 for obese [34]. Health problems were
noted as yes/no for hypertension, hyperlipidemia, and diabetes.
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2.4.4. Status of Health Apps Use

A 1-item investigator-developed questionnaire was used. The item asked if what types
of health apps has been ever used at work or at home: overall health, mental health-focused,
or physical health-focused apps.

2.5. Data Analysis

SPSS 26.0 version (IBM, Armonk, NY, US)program was used to analyze the data in this
study. Descriptive statistics were used to examine demographic characteristics, including
frequency and percent for gender, educational level, marriage status, types of job, and
monthly family income, and mean (M) and standard deviations (SD) for age. M and SD
were also calculated for the work-related stress, and frequency and percent for general
health status, BMI, health problems, and types of health apps use.

3. Results

Participants consisted of 32 males (38.1%) and 52 females (61.9%). The mean age
of the participants was 40.3 years (32–47 years, SD = 7.4). About 92.9% had college or
higher education levels. About 71.4% of the participants were married. About 79.1% of the
participants reported that they were white-collar workers. About 57.8% of the participants
reported that “their family earns higher than $3617.00 monthly” and 38.6% reported that
“their family earns between $1809.00 and $3617.00 monthly” (Table 1).

Table 1. Demographic characteristics of Korean workers (n = 95, valid case only).

Variable n (%)/M (SD)

Gender

Male 32 (38.1)
Female 52 (61.9)
Age 40.3 (7.4)

Educational level

High school or below 6 (7.1)
College or Bachelor degree 42 (49.4)
Graduate school or higher 37 (43.5)

Marriage status

Single 21 (25.0)
Married 60 (71.4)
Others (divorce, etc.) 3 (3.6)

Types of job

White-collar 68 (79.1)
Blue-collar 4 (4.7)
Others 7 (8.1)
Unemployed 7 (8.1)

Monthly family income

$1809.00 or below 3 (3.6)
$1809.00–$3617.00 32 (38.6)
$3617.00 or higher 48 (57.8)

Participants’ levels of work-related stress are presented in Table 2. The mean score
of the ES was 9.0 (SD = 1.9) and 19.1 (SD = 4.4) for the RS. The ER ratio was 1.2 (SD = 0.6),
which indicated that about 64.8% of the participants fell into a higher work-related stress
group and the other 35.2% of the participants fell into a lower work-related stress group.
The mean score of the OC was 10.0 (SD = 3.3).
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Table 2. Levels of work-related stress of Korean workers (n = 95, valid case only).

Variable M (SD)/n (%)

Effort-Reward Imbalance Questionnaire (ERIQ)

Effort Scale (ES) 9.0 (1.9)
Reward Scale (RS) 19.1 (4.4)
Effort-Reward (ER) ratio 1.2 (0.6)
≥1.0 (higher stress group) 57 (64.8)
<1.0 (lower stress group) 31 (35.2)
Over Commitment (OC) 10.0 (3.3)

As shown in Table 3, about 41.6% of the participants fell into either the “fair” or “poor”
health status groups, whereas only 19.1% of the participants fell into either the “excellent”
or “very good” health status groups. About 26.8% of the participants were in either the
“overweight” or “obese” group. Among health problems, the prevalence of hypertension
was the greatest (n = 11, 11.6%), followed by hyperlipidemia (n = 6, 6.3%) and diabetes
(n = 4, 4.2%).

Table 3. Health status of Korean workers (n = 95).

Variable n (%)

General health status

Excellent 3 (3.4)
Very good 14 (15.7)
Good 35 (39.3)
Fair 29 (32.6)
Poor 8 (9.0)

Body Mass Index (BMI)

18.5 or below (underweight) 5 (5.8)
18.5–24.9 (normal) 58 (67.4)
25.0–29.9 (overweight) 22 (25.6)
30.0 or higher (obese) 1 (1.2)

Health problems (multiple response)

Hypertension 11 (11.6)
Hyperlipidemia 6 (6.3)
Diabetes 4 (4.2)

Participants’ status of health apps use are presented in Table 4. About 33.7% of the
participants reported that they have ever used health apps. More specifically, about 10.1%
(n = 9) of the participants have ever used mental health-focused apps, and only 4.5% (n = 4)
for physical health-focused apps.

Table 4. Status of health Apps use of Korean workers (n = 95).

Variable n (%)

Types of health apps use (multiple response)

Overall health 30 (33.7)
Mental health-focused 9 (10.1)
Physical health-focused 4 (4.5)

4. Discussion

This study explored Korean adult worker’s work-related stress, health status, and
status of health apps use. Of demographic variables, most of our study participants (79.1%)
fell into a white-collar employee group. Moreover, about half of our study participants had
a graduate school or higher educational level (43.5%) and earned $3617.00 or higher per
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month (57.8%), which may be due to a selection bias of a convenience sampling. Therefore,
repeated studies with more representative samples of Korean adult workers including
those with low socio-economic status or vulnerable population, are needed.

Higher work-related stress was reported by 64.8% of the participants in this study,
which was similar or quite higher than those from other studies that reported Korean
workers reported higher work-related stress [2–5]. This finding indicated that Korean
workers have put a lot of effort, energy, and commitment towards their accomplishments
at work, but have received quite less rewards than they deserve, considering the negative
adverse work environments typically seen in Asian culture [6,7].

The study findings about the prevalence of hypertension (11.6%) was inconsistent with
those from other reports which showed 3.3% of hypertension rate among 4865 employed
pregnant women from the Amsterdam Born Children and their Development data [35],
5.5% in Chinese patients [36], 19.4% in Chinese petroleum workers [37], and 33.3% in Egyp-
tian bus drivers [38]. The prevalence of 4.2% of diabetes rate in this study was comparable
to those from other studies which found 2.2% of diabetes rate from the Brazilian Longitudi-
nal Study of Adult Health [18] and 3.4% of cardio-metabolic disease rate (coronary heart
disease, stroke, or diabetes) from the European Work Consortium data [39]. Although there
were some inconsistent findings regarding participants’ health status, our understanding is
that our participants’ sedentary lifestyle might contribute to increased hypertension and
diabetes rate [2,6,7,40,41]. This study did not look at the relationships among types of jobs,
work-related stress, and health status, therefore, further analyses are needed.

Our participants in this study reported use of overall health apps (33.7%), mental
health-focused apps (10.1%), and physical health-focused apps (4.5%). Study findings
about the utilization of health apps were hard to compare with those from other studies
because of a lack of studies on the prevalence of health apps use in the adult worker
populations [28–32]. This underutilization of health apps might be due to a lack of health
apps available in the Korea, a lack of research study about the effectiveness of health apps
as health and stress management tools, and a lack of public awareness about the importance
of health apps use in improving their health status. Further analyses are also needed to
identify factors that may contribute to the lower use of health apps. Since the COVID-
19 pandemic, the need for self-care and stress managements has significantly increased.
Therefore, the utilization of health apps should be encouraged at public health level.

Limitations of this study should be noted. Due to a convenience sampling method,
our study findings may not be generalized to all Korean adult workers. This study used
a self-report online survey for work-related stress and health status that might be often
under-reported due to stigma around stress and health issues. Moreover, this study did not
analyze the relationships among work-related stress, health status, and health apps use
so causal relationship cannot be guaranteed. Despite the study limitations, this study is
significant in that this study was the very first study that addressed work-related stress
and health apps use in Korean adult workers.

5. Conclusions

This study found that Korean adult workers experienced higher levels of work-related
stress, fair to poor health status, overweight, and hypertension. Participants underutilized
health apps. Health apps use which help tracking and managing their stress and health
should be encouraged for Korean adult workers.
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Abstract: Background and Aims: Previous studies have implied that insulin resistance (IR) could
represent a major underlying abnormality leading to cardiovascular disease (CVD). The aim of this
study was to evaluate the relationships between IR (estimated by the homeostasis model assessment
of IR (HOMA-IR) index) and CVD risk among middle-aged and elderly Taiwanese individuals.
Methods: In this cross-sectional, community-based study, a total of 320 participants were interviewed
to collect demographical parameters and blood samples. The recruited participants were divided
into tertiles according to their levels of HOMA-IR. The Framingham risk score (FRS) was calculated
according to the 2008 general CVD risk model from the Framingham Heart Study. Results: The
HOMA-IR index was significantly correlated with the FRS, with a Pearson’s coefficient of 0.22. In the
multiple logistic regression model, a higher HOMA-IR level was significantly associated with a high
FRS (FRS ≥ 20%) (highest tertile vs. lowest tertile of HOMA-IR, crude OR = 3.69; 95% CI = 1.79–7.62),
even after adjusting for smoking, fasting plasma glucose (FPG), and systolic blood pressure (SBP)
(highest tertile vs. lowest tertile of HOMA-IR, adjusted OR = 11.51; 95% CI = 2.55–51.94). The area
under the receiver operating characteristic curve for the HOMA-IR index as the predictor of high
FRS was 0.627, and the optimal HOMA-IR cutoff value was 1.215 (sensitivity = 83.6%, specificity
= 42.9%). Conclusions: We considered that HOMA-IR is an independent factor but that it cannot
be used solely for evaluating the CVD risk due to the low AUC value. Further prospective cohort
studies are warranted to better assess the relationship between CVD risk and insulin resistance.

Keywords: insulin resistance; HOMA-IR; prediction; CVD; Framingham risk score

1. Introduction

Insulin resistance (IR) is thought to be the key mechanism of metabolic syndrome, a cluster
of cardiovascular risk factors [1–6]. Previous studies have shown that hyperinsulinemia was an
independent predictor of incident myocardial ischemic events in a non-diabetic population [7]. IR
is also an independent risk factor for various chronic diseases, such as hypertension [8], hepatic
steatosis and steatohepatitis [9], chronic kidney disease [10], and even lung cancer [11] and Alzheimer’s
disease [12].

IJERPH 2020, 17, 7195; doi:10.3390/ma17197195 www.mdpi.com/journal/ijerph41
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Overnutrition, obesity, and specific dietary components can trigger IR [9,13]. Excess daily calories,
fructose, and saturated fatty acid intake; a lack of n-3 polyunsaturated fatty acids and antioxidants; as
well as intestinal microbiome imbalance can increase the oxidative stress in the liver and lead to IR and
non-alcoholic hepatic steatosis and steatohepatitis [9].

The hyperinsulinemic–euglycemic clamp technique is the gold standard for evaluating insulin
resistance, but it is impractical in clinical practice. Thus, surrogate markers such as the homeostasis
model assessment of IR (HOMA-IR) have been developed to assess IR [14]. In Taiwan, the 2008
version of Framingham risk score (FRS) is frequently used by clinicians to estimate a person’s risk of
cardiovascular disease (CVD) in the next 10 years. Additionally, previous studies have shown that
the FRS is applicable in Asian populations [15]. However, only limited studies have discussed the
association of HOMA-IR with FRS [16,17]. For example, obese children with an increased HOMA-IR
have a higher CVD risk [17].

Therefore, the aim of the current study was to investigate the associations between the HOMA-IR
index and FRS and evaluate the ability of HOMA-IR to identify community residents with a high FRS
(FRS ≥ 20%) in middle-aged and elderly Taiwanese individuals.

2. Materials and Methods

2.1. Participants

This was a cross-sectional study. The participants were recruited through a community health
promotion project in Linkou Chang Gung Memorial Hospital in Taiwan from February 2014 to August
2014. The project was approved by the Institutional Review Board (102-2304B) of Linkou Chang Gung
Memorial Hospital, and informed consent was signed by all the participants before enrollment.

A total of 400 participants aged over 50 years living in Guishan district (a rural district in
northeastern Taiwan) were recruited. General information, including medical history and lifestyle, was
obtained by appropriately trained interviewers. Participants with a history of CVD (n = 19), aged 75
years and above (n = 56), or with incomplete data (n = 3) were excluded. Extreme outliers of HOMA-IR
(n = 2) were excluded. Finally, 320 participants were included in this study.

2.2. Anthropometric

Detailed anthropometric measurements, such as height, weight, waist circumference (WC), and
blood pressure, were conducted by trained research assistants or nurses under the supervision of a
medical doctor. The measurement of heights was carried out with the subjects standing with their feet
together. Body mass index (BMI) was calculated by dividing weight by the square of the height (kg/m2).
Blood pressure (BP) was measured using an automated sphygmomanometer after the participants
were relaxed and seated for more than 10 min. The WC was measured halfway between the iliac crest
and the lowest rib at the end of a relaxed expiration. The height meter and weight scale were calibrated
once per day.

2.3. Laboratory Examinations

Participants were requested to fast for at least 12 h and avoid a high-fat diet or alcohol consumption
before blood sampling. Blood samples were stored in a refrigerator at 4 ◦C and then sent to the hospital
laboratory. Clinical biochemistry tests were performed in a hospital laboratory accredited by the College
of American Pathologists. The fasting plasma glucose (FPG); fasting insulin; alanine aminotransferase
(ALT); creatinine; uric acid; and fasting lipid profiles, such as triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C), were measured.

2.4. Assessment of Insulin Resistance

We assessed insulin resistance by HOMA-IR [14], which is expressed as:

HOMA− IR =
fasting glucose (in mmol/L) × fasting insulin (in mU/ml)

22.5
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Subjects were divided into tertiles based on the HOMA-IR index:
Low HOMA-IR group: HOMA-IR ≤ 1.15;
Middle HOMA-IR group: 1.15 < HOMA-IR ≤ 1.93;
High HOMA-IR group: HOMA-IR > 1.93.

2.5. Cardiovascular Risk Assessments

We used the 2008 Framingham risk score (FRS) assessments to determine the risk of CVD [18].
The risk factors and the equations used to calculate the FRS are listed below:
Women

Risk Factors = (ln(Age) × 2.32888) + (ln(Total cholesterol) × 1.20904)
−(ln(HDL Cholesterol) × 0.70833)
+(ln(Systolic blood pressure) × blood pressure medication factor)
+Cigarette smoker factor + Diabetes present factor− 26.1931

FRS = 100×
(
(1− 0.95012)r

)

r = e(Risk factors)

Men

Risk Factors = (ln(Age) × 3.06117) + (ln(Total cholesterol) × 1.12370)
−(ln(HDL Cholesterol) × 0.93263)
+(ln(Systolic blood pressure) × blood pressure medication factor)
+Cigarette smoker factor + Diabetes present factor− 23.9802

FRS = 100×
(
(1− 0.88936)r

)

r = e(Risk factors)

A high FRS was defined as an FRS ≥ 20%.

2.6. Statistical Analysis

Demographics and clinical characteristics are presented as means with standard deviations and
counts with percentages for continuous and discrete variables, respectively. Descriptive statistics
were presented, and differences between groups with different HOMA-IR levels were compared using
one-way ANOVA for continuous data and the chi-square test for categorical data. The correlation of
cardiovascular disease risk factors and HOMA-IR levels was assessed using Pearson’s analysis. Multiple
logistic regression analysis was used to adjust for covariates. A receiver operating characteristic (ROC)
curve was constructed to assess the performance of the HOMA-IR to predict a high FRS. Youden’s
index, which maximizes the sum of sensitivity and specificity (max (sensitivity+ specificity-1)), was
used to determine the optimal cutoff point, and the corresponding sensitivity, specificity, and area
under the receiver operating characteristic curve (AUC) were calculated. All the statistical tests were
regarded as statistically significant, with a p-value less than 0.05 (two-sided). Data were analyzed
using the Statistical Package for the Social Sciences software, version 22.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Baseline Characteristics of the Patient Population

The general characteristics of the participants according to the tertile of the HOMA-IR level are
summarized in Table 1. Overall, the mean age was 61.88 ± 6.21 years, and the mean FRS was 14.31 ±
11.47%. There were no significant differences between the three groups concerning age, creatinine,
smoking, alcohol drinking, and regular exercise. However, the mean FRS was significantly higher in
the groups with higher HOMA-IR levels. The mean FRS were 10.95 ± 7.85% (low HOMA-IR group),
13.94 ± 10.21% (middle HOMA-IR group), and 18.04 ± 14.33% (high HOMA-IR group), respectively.
Other parameters with significant differences between the three groups with p-values lower than 0.05
were SBP, BMI, WC, ALT, FPG, HDL-C, TG, LDL-C, and uric acid. Figure 1 shows that the prevalence
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of high FRS was higher among the high HOMA-IR tertile than among the two lower tertiles (p-value
for the Cochran–Armitage trend test of <0.001).
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Figure 1. Prevalence of high FRS (FRS≥ 20%) according to the tertiles of the HOMA-IR index levels. The
prevalence of high FRS was higher among the high HOMA-IR tertile than among the two lower tertiles.
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3.2. Correlation Analysis

The correlations of the HOMA-IR levels with the CVD risk factors are shown in Table 2. The
factors with significant positive correlations with IR were SBP, BMI, FRS, WC, FPG, TG, and uric acid,
while HDL-C and LDL-C showed significant negative correlations with IR. Among them, BMI, WC,
FPG, and TG showed a stronger correlation with IR than the correlation of the FRS with IR. Considering
that the negative correlation of LDL-C was very weak (Pearson’s coefficient -0.11), we did not involve
LDL-C in the subsequent multiple logistic regression analysis. Figure 2 demonstrates the correlation of
FRS and IR with a Pearson’s coefficient of 0.22.

Table 2. Pearson correlation coefficient of the HOMA-IR levels with the cardiovascular disease
risk factors.

HOMA-IR Index (n = 320)

Variables Pearson’s coefficient p-value
Age (year) 0.02 0.68

SBP (mmHg) 0.16 0.005
DBP (mmHg) 0.09 0.126
BMI (kg/m2) 0.46 <0.001

Framingham risk score (%) 0.22 <0.001
Waist circumference (cm) 0.45 <0.001

FPG (mg/dL) 0.58 <0.001
HDL-C (mg/dL) −0.32 <0.001

TG (mg/dL) 0.34 <0.001
LDL-C (mg/dL) −0.11 0.04

Uric Acid (mg/dL) 0.16 0.003

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride.

Figure 2. Correlation coefficients between the HOMA-IR levels and the Framingham risk score.

3.3. Association between the Tertiles of HOMA-IR Levels and the Framingham Risk Factors

Table 3 shows the results of the multiple logistic regression analyses in comparing the risk of
high FRS between subjects with different HOMA-IR levels (with the low HOMA-IR level group as the
reference group). In Model 1 (unadjusted), the odds ratios (ORs) for the middle and high HOMA-IR
groups were 2.71 (95% CI: 1.29–5.69, p-value 0.009) and 3.69 (95% CI: 1.79–7.62, p-value < 0.001),
respectively. In Model 2, the ORs (95% CI) were determined after further adjustment for gender.
In Model 3, the ORs (95% CI) were determined after further adjustment for gender, age, and BMI.
In Model 4, the HOMA-IR level remained significantly correlated with high FRS after adjustment for
covariates, including age, gender, BMI, smoking status, SBP, and FPG. The adjusted ORs for the middle
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HOMA-IR and high HOMA-IR groups were 11.31 (95% CI: 2.94–43.52, p-value < 0.001) and 11.51 (95%
CI: 2.55–51.94, p-value = 0.001), respectively.

3.4. ROC Analysis

The AUC for the HOMA-IR index as a predictor of high FRS was 0.627, as shown in Table 4 and
Figure 3. According to Youden’s index, the optimal cutoff point for the HOMA-IR index for predicting
a high FRS was 1.215, with a sensitivity and a specificity of 83.6% and 42.9%, respectively.

Figure 3. ROC curve for the HOMA-IR index as a predictor of the Framingham risk score.
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4. Discussion

Our study objective was to investigate the associations between IR and future CVD risk. In this
community-based cross-sectional study among Taiwanese people aged over 50 years, the level was
positively associated with the FRS after adjusting for potential confounders. Several studies have
reported a positive correlation between CVD risk and IR [19–22], which is consistent with our findings.

HOMA-IR is a frequently used tool to estimate IR. However, there are only limited studies
focusing on the use of the HOMA-IR level for predicting high FRS. In our study, participants with high
HOMA-IR levels had a higher prevalence of high FRS compared with those with lower HOMA-IR
levels (Figure 1). After adjusting for other risk factors, including sex, age, BMI, current smoking status,
FPG, and SBP through multiple logistic regression models, the HOMA-IR level was still significantly
associated with high FRS. These results reinforce that HOMA-IR is an independent risk factor for
high FRS. We then evaluated the ability of HOMA-IR to identify community residents with a high
FRS. However, due to the low specificity and low AUC value, HOMA-IR cannot be used as the sole
predictor of high FRS.

The recent studies have revealed that there are several mechanisms to induce IR, such as
genetic defects, overnutrition, obesity, and inflammation [13,23]. In overnutrition status, the excess
intra-cellular free fatty acids will lead to the activation of PKC and NFκB, then induce serine 307
phosphorylation for IRS-1, which inhibits the insulin signal pathway and eventually results in IR in the
skeleton muscle and hepatocytes. The PKC activation and increased free fatty acid flux to the liver
results in hepatosteatosis [13,24,25].

Excess free fatty acids in cardiomyocytes and endothelial cells also cause serine 307 phosphorylation
for IRS-1, then inhibit the insulin signaling pathway [23,26]. An inhibited insulin signaling pathway
results in increased free fatty acid oxidation and decreased glucose oxidation in cardiomyocyte and
causes cell death [23]. In the endothelial cells, IR causes an imbalance between the production of eNO
and the secretion of endothelin-1, resulting in endothelial dysfunction [26].

The early detection of IR, as well as interventions in lifestyle and dietary components, could
decrease the development and progression of IR and reverse further damage to the liver, heart, and
endothelium. In Taiwan, free adult health exams offered by the Health Promotion Administration
cover all the needed parameters for FRS calculation and fasting glucose, but not fasting insulin. Besides,
clinicians do not routinely check HOMA-IR. For individuals with diabetes or obesity, it is easy to link
their condition with insulin resistance. However, for high FRS individuals who are elderly, smokers, or
have hypertension, it is harder for clinicians to think about IR. This study revealed that HOMA-IR is
an independent risk factor for high FRS. Clinicians should be more alert for IR in high-FRS individuals,
and offer lifestyle and dietary interventions earlier for better prognosis.

Lifestyle interventions and dietary interventions are reported to improve IR, the lipid profile, and
liver function enzymes [9,13]. Lifestyle interventions include body weight loss of over 5% of the initial
weight, physical activity for 150 min/week or more, training exercises for four weeks, or a regular
exercise program. Dietary interventions include daily calorie restriction by reducing 500 Kcal from
usual food consumption, a high-protein diet, fructose restriction, and choosing a Mediterranean diet.
Supplementation with anti-oxidatives, amino acids, vitamins, n-3 polyunsaturated fatty acids, and
prebiotics/probiotics may have potential benefits, but lack sufficient evidence [9].

This study still has some limitations. First, the study was cross-sectional; therefore, it is unable to
explore the cause–effect relationship between FRS and IR. Second, we do not have a direct outcome
measure of CVD. Third, we did not check Hba1c, a more reliable marker for identifying pre-diabetic
and diabetic individuals. Finally, our sample size was relatively small. Further studies are warranted
with unknown confounders.

5. Conclusions

In conclusion, a high FRS (FRS ≥ 20%) was significantly associated with IR in the middle-aged
and elderly population in Taiwan. HOMA-IR is an independent risk factor for high FRS, but cannot be
used as the sole predictor due to its low specificity. Further prospective cohort studies are warranted
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to better assess the relationship between CVD risk and insulin resistance in middle-aged and elderly
Taiwanese populations.
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Abstract: The aim of this study was to conduct a community-based study with a view to construct
a detailed analysis about metabolic syndrome and the related risk factors of the indigenous population.
This was an observational, population-based and cross-sectional study that was conducted in remote
villages of an indigenous community in northern Taiwan between 2010 and 2013. A total of
586 participants, 275 men and 311 women, were eligible for analysis. The participants underwent
a questionnaire survey that included demographic and health behavior issues. An anthropometric
assessment and measurements of blood pressure were carried out including serum biochemical
variables. Metabolic syndrome (MetS) was defined by following the criteria provided by the modified
Adult Treatment Panel III (ATP III) criteria of the National Cholesterol Education Program (NCEP).
Univariate and multiple logistic regressions were used to identify the risk factors for metabolic
syndrome. The standardized prevalence rates of substance use (cigarette smoking, alcohol drinking
and betel nut chewing) were significantly higher than the general population regardless of whether it
was northern, central or southern Taiwan and this was especially the case with betel nut chewing
in women. The prevalence rate of metabolic syndrome was 42.9% in the indigenous population
with 41.3% in men and 44.4% in women, which was higher than for urban Taiwanese. In the
multiple logistic regression models, we found that the significant associated factors for metabolic
syndrome were older age, lower education level, high levels of uric acid, alanine transaminase (ALT),
gamma-glutamyl transferase (γ-GT) and creatinine. A higher prevalence rate of metabolic syndrome
and substance use were observed in the indigenous population compared with urban Taiwanese,
especially in women.

Keywords: metabolic syndrome; substance usage indigenous people; rural health

1. Introduction

Metabolic syndrome is a complex of interrelated risk factors for cardiovascular disease (CVD)
and diabetes (DM). These factors include dysglycemia, raised blood pressure, elevated triglyceride
levels, low high-density lipoprotein cholesterol levels and obesity (particularly central adiposity) [1,2].
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Individuals with metabolic syndrome are associated with approximately five and two-fold increased
risk for type 2 DM and CVD, respectively [3], as well as a risk factor for all-cause mortality [4]. Recent
interest has focused on the possible involvement of insulin resistance as a linking factor although
the pathogenesis remains unclear. With these risk factors, it has been demonstrated clearly that the
syndrome is common and that it has a rising prevalence worldwide, which relates largely to increasing
obesity and sedentary lifestyles. As a result, metabolic syndrome is now both a public health and
a clinical problem. In the public health arena, more attention must be given to modification of lifestyles
of the general public of all nations to reduce obesity and to increase physical activity. At a clinical level,
individual patients with metabolic syndrome need to be identified so that their multiple risk factors,
including lifestyle risk factors, can be reduced [1].

The prevalence of metabolic syndrome in Taiwan had been well described in recent studies [5,6].
The comparison between Taiwan and other Asian countries was also described [7]. In other countries,
a higher prevalence among the indigenous population is one of the greatly emphasized public health
issues [8]. However, there have been only scanty studies with small sample sizes [9,10] or a few
hospital-based studies [11] that focused on the health issue of metabolic syndrome of the indigenous
population in Taiwan. We aimed to conduct a community-based study with a view to constructing
a detailed analysis about metabolic syndrome and related factors among an indigenous population in
Taiwan. Therefore, our findings hopefully may provide valuable information for the prevention of
metabolic syndrome (MetS) by further health promoting programs or intervention in this population.

2. Materials and Methods

2.1. Participants

We conducted a cross-sectional study with a design based on the annual health checkup service to
collect associated information between October 2010 and February 2013 from three remote villages in
the Fuxing District, Taoyuan City, Taiwan (as shown in Figure 1). Participants were informed about
this study and voluntarily agreed to participate. The study was approved by the Chang Gung Medical
Foundation 74 Institutional Review Board (99-0231B, 101-4156A3). Participants were recruited if they
were over the age of 18 and had lived in this area for more than six months. A total of 2309 residents
met our inclusion criteria.

We distributed questionnaires that included basic information about personal history, occupation,
substance use and exercise habits. We also arranged free health checks that included basic laboratory
data. According to the data from Fuxing District Health Station, the number of actual residents
who lived in the three remote villages was around 1850. Therefore, after the exclusion of potential
participants with incomplete data, we had a coverage rate of 42.1% over laboratory data (n = 778) and
50.7% over complete questionnaires (n = 938). With a view to evaluating the prevalence of metabolic
syndrome and related factors, we excluded those who could not be identified with the criteria of
metabolic syndrome due to missing data. With these exclusion criteria, we had a coverage rate of
31.7% (n = 586).

Figure 1 outlines the geographic location of the mountainous area (Fuxing District) in Taoyuan city.
Gaoyi, Hualing and Sanguang were the three indigenous villages where we performed the integrated
delivery system. Local medical care resources and local churches were marked on the map.
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Figure 1. Geographical information of the remote area of the Fuxing District.

2.2. Questionnaire

A questionnaire was used to obtain socio-demographic data (i.e., race, gender, age, education
level, religion, marital status, occupation and income) as well as information on tobacco, alcohol,
betel quid usage and physical activity status. Smoking, drinking and betel nut usage were categorized
as either current, never or past user. Smoking and betel nut usage were defined as at least three days
a week in the recent month. An alcohol drinking habit was defined as more than three times a week.

Definitions of Metabolic Syndrome and Measurements

Metabolic syndrome was defined by following the criteria provided by the modified Adult
Treatment Panel III (ATP III) criteria of the National Cholesterol Education Program (NCEP) [3].
The presence of any three of the following five factors was required for a diagnosis of metabolic
syndrome: abdominal obesity (90 cm for Asian men and 80 cm for Asian women), hypertriglyceridemia
(triglycerides ≥ 150 mg/dl or current use of triglycerides-lowering drugs), low high-density lipoprotein
cholesterol (HDL) (HDL cholesterol < 40 mg/dL for men and <50 mg/dL for women), elevated blood
pressure (systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg or current
use of anti-hypertensive drugs) and impaired fasting glucose (fasting plasma glucose ≥ 100 mg/dL or
current use of anti-diabetic drugs).

Blood samples were drawn from the antecubital vein following a 12-h overnight fast. After
centrifugation at standard conditions, plasma samples were frozen and transported immediately to
our laboratory where they were analyzed. Participants’ medical history on using anti-hypertensive
and anti-diabetic medication and participants with high blood pressure or DM were recorded.

The waist circumference was measured midway between the iliac and costal margin whilst the
participant was standing. The procedure used for blood pressure measurements was in agreement with
the recommendations of the American Society of Hypertension, where all blood pressure measurements
were conducted on the upper arm of the subject with an automatic blood pressure recorder after a 5 min
resting period.

All blood analyses were performed at the clinical laboratory department of the Linkou
Chang Gung Memorial Hospital and certified by the College of American Pathologists (CAP).
Biochemical parameters, including high-density lipoprotein cholesterol (HDL-C), triglycerides,
fasting glucose, alanine transaminase (ALT gamma-glutamyl transferase), aspartate transaminase (AST),
gamma-glutamyl transferase (γ-GT), high sensitive C-reactive protein (HS-CRP), glycohemoglobulin
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(HbA1c), uric acid, urinary microalbumin, creatinine, low-density lipoprotein cholesterol (LDL-C) and
very-low-density lipoprotein cholesterol (VLDL-C) were analyzed on a Hitachi 7600–210 autoanalyzer
(Hitachi, Tokyo, Japan). Blood tests were carried out in accordance with the hospital’s laboratory
standard operating procedure that was accredited by the CAP. The aforementioned biomarkers related
to metabolic syndrome were selected according to previous studies [12].

2.3. Statistical Analysis

Descriptive statistics for demographic and biochemical variables were computed separately
for male and female genders. The differences between the two groups were analyzed by t-tests or
Mann–Whitney U tests of independent samples. We performed a standardized method using the
WHO 2000 population [13] for prevalence comparison. The univariate and multiple logistic regressions
were used for risk factor investigations. All statistical analyses were performed using SAS software
version 9.4 (SAS Institute Inc., Cary, NC, USA). All tests were two tailed and a p-value of <0.05 was
considered statistically significant.

3. Results

3.1. Metabolic Syndrome

Under the definition of the modified ATP III criteria [3], the prevalence rate of metabolic syndrome
was 42.9% in the indigenous group we observed, with 41.3% in males and 44.4% in females (Table 1).

Table 1. Background analysis of basic information, biomarkers and the prevalence of metabolic
syndrome of the male and female population (n = 586).

Variables
Total Male Female p-Value

(n = 586) (n= 275) (n = 311) (α = 0.05)

Age 49.3 ±15.8 50.4 ±16.9 48.4 ±14.8 0.1217
Age

<30 65 (11.1) 33 (12.0) 32 (10.3) 0.1361
30–39 115 (19.6) 45 (16.4) 70 (22.5)
40–49 118 (20.1) 53 (19.3) 65 (20.9)
50–59 116 (19.8) 53 (19.3) 63 (20.3)
60–69 104 (17.8) 50 (18.2) 54 (17.4)
>70 68 (11.6) 41 (14.9) 27 (8.7)

Income (NTD, New Taiwan Dollars) 0.0028 *
<10,000 295 (61.3) 114 (53.8) 181 (67.3)

10,000–29,999 140 (29.1) 69 (32.6) 71 (26.4)
>30,000 46 (9.6) 29 (13.7) 17 (6.3)

Unknown 105 63 42
Education 0.0382 *

≤6 grade 222 (45.9) 94 (43.9) 128 (47.4)
7–9 grade 135 (27.9) 51 (23.8) 84 (31.1)

10–12 grade 98 (20.3) 55 (25.7) 43 (15.9)
College or higher 29 (6.0) 14 (6.5) 15 (5.6)

Unknown 102 61 41
Current cigarette smoker <0.0001

No 351 (73.6) 134 (63.2) 217 (81.9)
Yes 126 (26.4) 78 (36.8) 48 (18.1)

Unknown 109 63 46
Alcohol drinking habit 0.0513

No 320 (66.7) 132 (62.0) 188 (70.4)
Yes 160 (33.3) 81 (38.0) 79 (29.6)

Unknown 106 62 44
Betel nut chewing habit <0.0001

No 410 (86.0) 166 (78.7) 244 (91.7)
Yes 67 (14.1) 45 (21.3) 22 (8.3)

Unknown 109 64 45
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Table 1. Cont.

Variables
Total Male Female p-Value

(n = 586) (n= 275) (n = 311) (α = 0.05)

DM 0.1210
No 488 (83.3) 236 (85.8) 252 (81.0)

Yes (FG ≥ 126 or with history) 98 (16.7) 39 (14.2) 59 (19.0)
Hypertension 0.9494

No 281 (50.6) 131 (50.8) 150 (50.5)
Yes (SBP ≥ 140 or DBP ≥ 90 or with

history) 274 (49.4) 127 (49.2) 147 (49.5)

Unknown 31 17 14
Metabolic syndrome 0.4728

No 299 (57.1) 141 (58.8) 158 (55.6)
Yes (ATP III Asian criteria) 225 (42.9) 99 (41.3) 126 (44.4)

Unknown 62 35 27
Uric acid <0.0001

Normal 475 (81.1) 198 (72.0) 277 (89.1)
Abnormal (>8 mg/dL) 111 (18.9) 77 (28.0) 34 (10.9)

Total cholesterol 0.0672
Normal 326 (55.6) 142 (51.6) 184 (59.2)

Abnormal (≥200 mg/dL) 260 (44.4) 133 (48.4) 127 (40.8)
High-density lipoprotein cholesterol (HDL-C) 0.0075 *

Normal 385 (65.7) 196 (71.3) 189 (60.8)
Abnormal (male < 40 or female < 50

mg/dL) 201 (34.3) 79 (28.7) 122 (39.2)

Triglyceride 0.0453 *
Normal 345 (58.9) 150 (54.6) 195 (62.7)

Abnormal (≥150 mg/dL) 241 (41.1) 125 (45.5) 116 (37.3)
Aspartate transaminase (AST) 0.2833

Normal 463 (79.0) 212 (77.1) 251 (80.7)
Abnormal (>34 U/L) 123 (21.0) 63 (22.9) 60 (19.3)

Alanine transaminase (ALT) 0.1390
Normal 463 (79.0) 210 (76.4) 253 (81.4)

Abnormal (>36 U/L) 123 (21.0) 65 (23.6) 58 (18.7)
Gamma-Glutamyl Transferase (γ-GT) 0.0019 *

Normal 443 (75.6) 224 (81.5) 219 (70.4)
Abnormal

(Male > 71 or female > 42 U/L) 143 (24.4) 51 (18.6) 92 (29.6)

Creatinine 0.2333
Normal 566 (96.6) 263 (95.6) 303 (97.4)

Abnormal
(Male > 1.27 or female > 1.02 mg/dL) 20 (3.4) 12 (4.4) 8 (2.6)

Hepatitis B surface antigen (HBsAg) 0.6558
Negative 452 (82.0) 208 (81.3) 244 (82.7)
Positive 99 (18.0) 48 (18.8) 51 (17.3)

Unknown 35 19 16
Anti-HCV antibody 0.2646

Negative 520 (94.6) 245 (95.7) 275 (93.5)
Positive 30 (5.5) 11 (4.3) 19 (6.5)

Unknown 36 19 17

* p-Value < 0.05.

3.2. Substance Use

The overall crude prevalence rate of smoking was 26.4%, with 36.8% in males and 18.1% in females.
The prevalence rate of alcohol drinking was 33.3%, with males 38.0% and females 29.6%. The prevalence
rate of betel quid chewing was 14.1%, with males 21.3% and females 8.3%. The standardized prevalence
rate of smoking, alcohol drinking and betel quid chewing were 33.3% (male 45.3%, female 25.9%),
36.7% (male 39.1%, female 35.0%) and 18.0% (male 31.9%, female 10.0%), respectively (Table 2).
We chose three urban areas in Taiwan for comparison and found that the prevalence rates of substance
usage were higher than in the urban area especially in alcohol drinking and betel nut chewing.
The relatively higher prevalence rates of substance usage among the indigenous female population
were also observed, with 25.9% smoking (9.4%, 2.5% and 2.7% in urban areas), 35.0% alcohol drinking
(9.4%, 1.7% and 1.7% in urban areas) and 10.0% betel nut chewing (7.2%, 6.5% and 5.4% in urban
areas) [14,15].
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Table 2. Crude and standardized prevalence of substance usage compared with other parts of Taiwan.

Substance Use Subjects

Fuxing District

Northern Taiwan 1 Central Taiwan 1 Southern Taiwan 1

Prevalence
Standardized
Prevalence 1

Cigarette smoking Total 26.4 33.3 28.6 14.0 16.0
Male 36.8 45.3 59.1 53.7 52.3

Female 18.1 25.9 9.4 2.5 2.7

Alcohol drinking Total 33.3 36.7 24.1 6.8 8.4
Male 38.0 39.1 47.6 23.7 27.9

Female 29.6 35.0 9.4 1.7 1.7

Betel nut chewing Total 14.1 18.0 7.2 6.5 5.4
Male 21.3 31.9 18.1 28.9 23.3

Female 8.3 10.0 0.8 0.3 0.4
1 Standardized using the WHO 2000 world population, http://www.who.int/healthinfo/paper31.pdf. Total subjects:
586; male: 275, female: 311.

3.3. Regression Models

We built single and multiple regression models (Table 3) to discuss the related factors that are
associated with metabolic syndrome. The crude odds ratio (OR) and adjusted OR are listed in Table 3.
The crude ORs that were significant for metabolic syndrome were 1.03 (95% CI: 1.02, 1.04) in older age;
0.47 (95% CI: 0.31, 0.73) and 0.44 (95% CI: 0.22, 0.88) in better income; 0.48 (95% CI: 0.30, 0.76), 0.32 (95%
CI: 0.19, 0.54) and 0.33 (95% CI: 0.14, 0.79) in better education; 1.93 (95% CI: 1.24, 3.02) in abnormal uric
acid; 1.85 (95% CI: 1.21, 2.83) in abnormal ALT and 6.55 (95% CI: 1.86, 23.06) in abnormal creatinine.
After adjusting for age and sex, the odds ratios that were significant for metabolic syndrome were 0.60
(95% CI: 0.38, 0.94) in better income, 0.46 (95% CI: 0.26, 0.83) in better education, 2.21 (95% CI: 1.22,
4.00) in betel nut chewing, 2.31 (95% CI: 1.43, 3.74) in abnormal uric acid, 1.68 (95% CI: 1.09, 2.61) in
abnormal AST, 2.32 (95% CI: 1.65, 3.97) in abnormal ALT, 2.56 (95% CI: 1.65, 3.97) in abnormal γ-GT
and 4.82 (95% CI: 1.33, 17.40) in abnormal creatinine. We built multiple logistic regression models and
found that the models showed ORs that were significant for metabolic syndrome were 1.03 (95% CI:
1.01, 1.04) in older age, 0.44 (95% CI: 0.24, 0.83) in better education, 2.06 (95% CI: 1.22, 3.48) in abnormal
uric acid, 2.02 (95% CI: 1.24, 3.29) in abnormal ALT, 1.86 (95% CI: 1.13, 3.07) in abnormal γ-GT and 5.38
(95% CI: 1.25, 23.10) in abnormal creatinine.
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4. Discussion

4.1. Metabolic Syndrome

The prevalence rate of metabolic syndrome was 42.9% in the indigenous group we observed,
with 41.3% in males and 44.4% in females. We performed a standardized method using the WHO
2000 population for prevalence comparison and the standardized prevalence rate of metabolic syndrome
was 30.0%, with 31.9% in males and 28.3% in females. The prevalence rate was higher than that of
urban Taiwanese based on recent studies with 28.6% in males and 18.8% in females [5], or similar with
that of 32.4% in males and 27.8% in females [6].

A previous cross-sectional study conducted in 2008 focusing on an indigenous population (n = 725)
in middle Taiwan showed that the prevalence rate of metabolic syndrome was 42.6%, with 41.5% in
males and 43.5% in females [10]. This study showed a similar prevalence rate of metabolic syndrome
with our study. Another study conducted in 2007 found that the prevalence rate of metabolic syndrome
in aborigines (n = 90) in southern Taiwan was 83.3% (64.0% in males, 90.8% in females), which was
higher than urban Taiwanese (46.6% and 40.6%, respectively) [9]. Another hospital-based study
conducted in 2008 found that the prevalence rate of metabolic syndrome among indigenous people
(n = 1226) in southeastern Taiwan was 58.7% (50.3% in males, 68.5% in females) [11].

Studies focusing on the indigenous population in other countries also showed the trend of higher
prevalence rates of metabolic syndrome compared with other ethnic groups. The prevalence rate
ranged from 21.4% to 37.2% in a Canadian study [8]. They suggested that the results in the indigenous
community indicated that MetS was inversely associated with physical activity and fitness.

4.2. Substance Use

The prevalence rates for substance usage investigated by the Health Promotion Administration of
Taiwan was 18.7% for smoking in 2012 and 7.8% for betel nut chewing in 2009. The prevalence rates of
alcohol drinking habits among urban Taiwanese ranged from 5.6% to 8.3% [16–18]. The standardized
prevalence rate of smoking, alcohol drinking and betel nut chewing in the indigenous group we
addressed were 33.3% (male 45.3%, female 25.9%), 36.7% (male 39.1%, female 35.0%) and 18.0%
(male 31.9%, female 10.0%), respectively, which were all higher than that in urban Taiwanese.
Comparing the three studies from the urban cities of northern, middle and southern Taiwan, we found
that the overall prevalence of substance usage was higher in this indigenous group, especially in
the females.

The prevalence rate of smoking among the indigenous group has been described in previous
studies with 71.1% in males and 25.2% in females [19], 58.7% in males [20] and 33.3% overall [21],
which were similar results compared with our study.

The higher prevalence rate of alcohol drinking and alcohol drinking habits among indigenous
groups was observed from previous studies. The results from a few studies even found that the overall
prevalence rate of alcohol drinking was 85.5% in males and 58.0% in females in an indigenous group
of northern Taiwan [19] and 78.6% in males in an indigenous group of middle Taiwan [20]. Another
study showed that the prevalence rates of alcohol drinking among northern, southern and eastern
indigenous groups in Taiwan were 22.1%, 20.3% and 25.8%, respectively [16]. These results varied
due to a different definition of an alcohol drinking habit; however, a higher prevalence rate of alcohol
drinking in indigenous groups was observed.

The prevalence rates of betel nut chewing were 49.7% in males and 6.3% in females in an indigenous
group of northern Taiwan [19] and 48.9% in males in an indigenous group of middle Taiwan [20].
Another study showed that the prevalence rates of alcohol drinking among northern, southern and
eastern indigenous groups in Taiwan were 24.1%, 33.0% and 54.2%, respectively [16]. It seems that the
prevalence rate of betel nut chewing was lower than other indigenous groups and the possible reasons
need further investigation.

Previous studies have proved that smoking is related to atherosclerotic CVD, neoplastic, respiratory,
osteoporosis and all-cause mortality [22]. An increased risk of metabolic syndrome among current

62



IJERPH 2020, 17, 8958

smokers, particularly those with a heavier consumption, has also been reported [23]. Alcohol drinking
has also been reported as a significant contributing factor to medical conditions such as hepatitis,
hypertension, tuberculosis, pneumonia, pancreatitis and cardiomyopathy [24]. Heavy drinking,
in particular among liquor drinkers, is associated with an increased risk of metabolic syndrome
by influencing its components [25]. A previous systemic review found that betel nut chewing was
a significant risk factor for metabolic syndrome [26]. Another study found that both raw areca
nuts and those with tobacco additives had a harmful relationship with metabolic syndrome [27].
Although the exact mechanism that links betel nut chewing with metabolic syndrome remains unclear,
a meta-analysis proposed that the link might be related to the effect on inflammation, on adipogenesis
and on appetite [28].

As the prevalence rates of metabolic syndrome and substance usage were higher than urban
Taiwanese, we would like to know if substance usage was one of the confounding factors to metabolic
syndrome in this indigenous group. Therefore, we built regression models to observe the trend.
After adjusting for age and gender, we found that in this indigenous group, betel nut chewing was
one of the confounding factors rather than smoking or alcohol drinking, which was different from
previous studies. A better income and better education were indicators of a lower risk of suffering
from metabolic syndrome. A cross-sectional study [10] that involved 725 indigenous residents in
middle Taiwan conducted in 2008 showed similar results in that the significant confounding factors for
metabolic syndrome were being aged 41–64 years old with OR = 1.81 (95% CI: 1.14, 2.88), education
level at elementary school with OR = 1.61 (95% CI: 1.07, 2.42), an alcohol drinking habit with OR = 1.42
(95% CI: 0.99, 2.06) and a betel nut chewing habit with OR = 1.59 (95% CI: 1.03, 2.47).

4.3. Biochemical Parameters of MetS

With regard to biochemical parameters, the model was significant in the abnormal uric acid
level with OR = 2.31 (95% CI: 1.43, 3.74), the elevated AST level with OR = 1.68 (95% CI: 1.09, 2.61),
an abnormal ALT level with OR = 2.32 (95% CI: 1.65, 3.97), an abnormal γ-GT level with OR = 2.56
(95% CI: 1.65, 3.97) and an abnormal creatinine level with OR = 4.82 (95% CI: 1.33, 17.40).

Furthermore, the multiple logistic regression model was significant in older age with OR = 1.03
(95% CI: 1.01, 1.04), better education with OR = 0.44 (95% CI: 0.24, 0.83), abnormal uric acid levels
with OR = 2.06 (95% CI: 1.22, 3.48), abnormal ALT levels with OR = 2.02 (95% CI: 1.24, 3.29), abnormal
γ-GT levels with OR = 1.86 (95% CI: 1.13, 3.07) and abnormal creatinine levels with OR = 5.38
(95% CI: 1.25, 23.10). Aging has been suggested to be one of the major confounding factors for
metabolic syndrome [29] and this was also proved to be one of the significant confounding factors
in our study. The different prevalence rates of metabolic syndrome among men and women differs
from studies [30–32]. Although a few studies in Taiwan have suggested a higher prevalence rate
in men [33,34], we found that there was no significant difference in the indigenous population we
observed. A similar finding from other indigenous populations [10] suggested that the growing
prevalence among women was not only found worldwide [35] but was especially obvious in the
indigenous population in Taiwan.

In this indigenous group, we observed that elevated uric acid levels, ALT levels, γ-GT levels and
creatinine levels were related to metabolic syndrome. Recent studies have provided new insights into
the mechanisms by which uric acid stimulates fat accumulation in the liver. Therefore, elevated serum
uric acid is a strong predictor of the development of a fatty liver as well as metabolic syndrome [36].
Uric acid levels are associated with parameters of insulin resistance and indices of inflammation;
however, uric acid levels do not predict the incidence of metabolic syndrome independently [37].
Another study also concluded that the elevation of ALT levels especially in obese groups reflected
insulin resistance and could be a marker of metabolic syndrome [38]. A study focusing on an indigenous
group also found that an elevated γ-GT level was associated with a higher waist circumference and
triglyceride levels, which was also highly associated with metabolic syndrome [39]. Metabolic
syndrome was suggested to be an important risk factor for chronic kidney disease [40]; however,
other studies have suggested that low serum creatinine is a predictor of type 2 DM and metabolic
syndrome [41].
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5. Conclusions

Our study demonstrated that the prevalence rates of metabolic syndrome and substance use
were higher in the indigenous population compared with urban Taiwanese and especially in females.
Metabolic syndrome has been demonstrated to be a common precursor to the development of type 2
DM and CVD [3] as well as a risk factor for all-cause mortality [4]. We found that metabolic syndrome
in this indigenous population was associated with their education level, income and biochemical
parameters such as uric acid, ALT, γ-GT and creatinine levels. Therefore, we conclude that the relative
lower education level, income and medical inequality could be the possible contributing factors for
metabolic syndrome in this indigenous population.

This study provided us with more thorough information about the health condition and lifestyle
of this indigenous group so that we can arrange further intervention programs to improve indigenous
health care in clinical practice.

Author Contributions: Conceptualization, Y.-H.C. and J.-Y.C.; methodology, W.-C.Y. and J.-Y.C.; software, S.Y.-H.C.
and J.-Y.C.; validation, S.W.-N.U. and J.-Y.C.; formal analysis, S.Y.-H.C. and J.-Y.C.; investigation, Y.-C.T., W.-C.L.
and J.-Y.C.; resources, W.-C.L. and J.-Y.C.; data curation, Y.-C.T. and J.-Y.C.; writing—original draft preparation,
Y.-C.T.; writing—review and editing, Y.-C.T.; visualization, J.-Y.C.; supervision, S.W.-N.U. and J.-Y.C.; project
administration, S.Y.-H.C. and J.-Y.C.; funding acquisition, Y.-C.T. and J.-Y.C. All authors have read and agreed to
the published version of the manuscript.

Funding: We appreciate Chang Gung Memorial Hospital (grants CMRPG3F0761, CMRPG3F0762, CMRPG3F0763)
for supporting this study.

Acknowledgments: We are grateful to Yang-Wei Gao of Gao-Yang-Wei Clinic, Ting-Chih Chang, Chia-Chin Lee,
Tzu-Han Lin and Cheng-Hsien Kuo for their involvement in data collection.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CVD, cardiovascular disease; DM, diabetes; ATP III, Adult Treatment Panel III; NCEP, National Cholesterol
Education Program; CAP, College of American Pathologists; HDL, high-density lipoprotein cholesterol;
ALT, alanine transaminase; AST, aspartate transaminase; γ-GT, Gamma-Glutamyl Transferase; HS-CRP,
high sensitive C-reactive protein; HbA1c, glycohemoglobulin; LDL-C, low-density lipoprotein cholesterol;
VLDL-C, very-low-density lipoprotein cholesterol.

References

1. Eckel, R.H.; Alberti, K.G.; Grundy, S.M.; Zimmet, P.Z. The metabolic syndrome. Lancet 2010, 375, 181–183.
[CrossRef]

2. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.;
Loria, C.M.; Smith, S.C., Jr.; et al. Harmonizing the metabolic syndrome: A joint interim statement of
the international diabetes federation task force on epidemiology and prevention; national heart, lung,
and blood institute; american heart association; world heart federation; international atherosclerosis society;
and international association for the study of obesity. Circulation 2009, 120, 1640–1645. [PubMed]

3. Grundy, S.M.; Cleeman, J.I.; Daniels, S.R.; Donato, K.A.; Eckel, R.H.; Franklin, B.A.; Gordon, D.J.; Krauss, R.M.;
Savage, P.J.; Smith, S.C., Jr.; et al. Diagnosis and management of the metabolic syndrome: An American heart
association/national heart, lung, and blood institute scientific statement. Circulation 2005, 112, 2735–2752.
[CrossRef]

4. Wu, S.H.; Liu, Z.; Ho, S.C. Metabolic syndrome and all-cause mortality: A meta-analysis of prospective
cohort studies. Eur. J. Epidemiol. 2010, 25, 375–384. [CrossRef]

5. Lin, I.C.; Yang, Y.W.; Wu, M.F.; Yeh, Y.H.; Liou, J.C.; Lin, Y.L.; Chiang, C.H. The association of metabolic
syndrome and its factors with gallstone disease. BMC Fam. Pract. 2014, 15, 138. [CrossRef]

6. Wu, T.W.; Chan, H.L.; Hung, C.L.; Lu, I.J.; Wang, S.D.; Wang, S.W.; Wu, Y.J.; Wang, L.Y.; Yeh, H.I.;
Wei, Y.H.; et al. Differential patterns of effects of age and sex on metabolic syndrome in Taiwan: Implication
for the inadequate internal consistency of the current criteria. Diabetes Res. Clin. Pract. 2014, 105, 239–244.
[CrossRef] [PubMed]

7. Pan, W.H.; Yeh, W.T.; Weng, L.C. Epidemiology of metabolic syndrome in Asia. Asia Pac. J. Clin. Nutr. 2008,
17 (Suppl. 1), 37–42. [PubMed]

64



IJERPH 2020, 17, 8958

8. Liu, J.; Young, T.K.; Zinman, B.; Harris, S.B.; Connelly, P.W.; Hanley, A.J. Lifestyle variables, non-traditional
cardiovascular risk factors, and the metabolic syndrome in an aboriginal Canadian population. Obesity 2006,
14, 500–508. [CrossRef] [PubMed]

9. Huang, H.P.; Hsu, H.Y.; Chung, T.C.; Sun, C.A.; Chu, C.M.; Tang, T. An investigation of metabolic syndrome
indicators among different ethnic groups—A case study from a health screening in Pingtung area. Taiwan J.
Public Health 2008, 27, 250–258.

10. Hung, L.L.; Hsiu, H.F.; Chen, M.L.; Chang, L.C.; Chen, C.Y.; Chen, C.M. The association between health risk
behavior and metabolic syndrome of aborigines in Taiwan. Taipei City Med. J. 2010, 7, 255–264.

11. Hsiao, Y.C.; Wang, K.; Bair, M.J. Prevalence of obesity and metabolic syndrome in aboriginals in Southeastern
Taiwan–A hospital-based study. J. Intern. Med. Taiwan 2011, 22, 48–56.

12. Robberecht, H.; Hermans, N. Biomarkers of metabolic syndrome: Biochemical background and clinical
significance. Metab. Syndr. Relat. Disord. 2016, 14, 47–93. [CrossRef] [PubMed]

13. Ahmad, O.B.; Boschi-Pinto, C.; Lopez, A.D.; Murray, C.J.; Lozano, R.; Inoue, M. Age standardization of
rates: A new who standard. In GPE Discussion Paper Series: No.31; World Health Organization: Geneva,
Switzerland, 2001.

14. Liu, Y.M.; Chen, S.L.; Yen, A.M.; Chen, H.H. Individual risk prediction model for incident cardiovascular
disease: A bayesian clinical reasoning approach. Int. J. Cardiol. 2013, 167, 2008–2012. [CrossRef] [PubMed]

15. Yen, A.M.; Chen, S.L.; Chiu, S.Y.; Fann, J.C.; Wang, P.E.; Lin, S.C.; Chen, Y.D.; Liao, C.S.; Yeh, Y.P.; Lee, Y.C.; et al.
A new insight into fecal hemoglobin concentration-dependent predictor for colorectal neoplasia. Int. J. Cancer
2014, 135, 1203–1212. [CrossRef]

16. Liang, C.Y.; Chou, T.M.; Ho, P.S.; Shieh, T.Y.; Yang, Y.H. Prevanlence rates of alcohol drinking in Taiwan.
Taiwan J. Oral. Med. Health Sci 2004, 20, 91–104.

17. Kuo, C.J. Prevalence of alcoholism in a primary care setting. Taiwan. J. Psychiatry 2005, 19, 137–147.
18. Lin, C.Y.; Chen, K.H.; Chang, H.Y.; Tseng, F.Y.; Chen, C.Y. The relationship between the pattern of alcohol

consumption and healthcare utilization in Taiwan. Taiwan J. Public Health 2014, 33, 197–208.
19. Liu, B.H.; Hsieh, S.F.; Chang, S.J.; Ko, Y.C. Prevalence of smoking, drinking and betel quid chewing and

related factors among aborigines in Wufeng district. Gaoxiong Yi Xue Ke Xue Za Zhi 1994, 10, 405–411.
20. Huang, L.L.; Chang, L.C.; Chen, M.L.; Hsi, H.F.; Chen, C.Y. Exploration on health-risk behavior and its

related factors in aborigines. J. Chang Gung Inst. Technol. 2011, 14, 67–77.
21. Yen, L.L.; Pan, L.Y.; Yen, H.W.; Lee, L.A. The smoking status in adults in Taiwan area: Prevalence rates and

risk factors. Chin. J. Public Health 1994, 13, 371–380.
22. Jha, P.; Ramasundarahettige, C.; Landsman, V.; Rostron, B.; Thun, M.; Anderson, R.N.; McAfee, T.; Peto, R.

21st-century hazards of smoking and benefits of cessation in the United States. N. Engl. J. Med. 2013,
368, 341–350. [CrossRef] [PubMed]

23. de Oliveira Fontes Gasperin, L.; Neuberger, M.; Tichy, A.; Moshammer, H. Cross-sectional association
between cigarette smoking and abdominal obesity among Austrian bank employees. BMJ Open 2014,
4, e004899. [CrossRef]

24. Zaridze, D.; Brennan, P.; Boreham, J.; Boroda, A.; Karpov, R.; Lazarev, A.; Konobeevskaya, I.; Igitov, V.;
Terechova, T.; Boffetta, P.; et al. Alcohol and cause-specific mortality in Russia: A retrospective case-control
study of 48,557 adult deaths. Lancet 2009, 373, 2201–2214. [CrossRef]

25. Baik, I.; Shin, C. Prospective study of alcohol consumption and metabolic syndrome. Am. J. Clin. Nutr. 2008,
87, 1455–1463. [CrossRef] [PubMed]

26. Javed, F.; Al-Hezaimi, K.; Warnakulasuriya, S. Areca-nut chewing habit is a significant risk factor for
metabolic syndrome: A systematic review. J. Nutr. Health Aging 2012, 16, 445–448. [CrossRef] [PubMed]

27. Shafique, K.; Zafar, M.; Ahmed, Z.; Khan, N.A.; Mughal, M.A.; Imtiaz, F. Areca nut chewing and metabolic
syndrome: Evidence of a harmful relationship. Nutr. J. 2013, 12, 67. [CrossRef]

28. Yamada, T.; Hara, K.; Kadowaki, T. Chewing betel quid and the risk of metabolic disease, cardiovascular
disease, and all-cause mortality: A meta-analysis. PLoS ONE 2013, 8, e70679. [CrossRef]

29. Ford, E.S.; Giles, W.H.; Dietz, W.H. Prevalence of the metabolic syndrome among US adults: Findings from
the third national health and nutrition examination survey. JAMA 2002, 287, 356–359. [CrossRef]

30. Fezeu, L.; Balkau, B.; Kengne, A.P.; Sobngwi, E.; Mbanya, J.C. Metabolic syndrome in a Sub-Saharan African
setting: Central obesity may be the key determinant. Atherosclerosis 2007, 193, 70–76. [CrossRef] [PubMed]

65



IJERPH 2020, 17, 8958

31. He, Y.; Jiang, B.; Wang, J.; Feng, K.; Chang, Q.; Zhu, S.; Fan, L.; Li, X.; Hu, F.B. Bmi versus the metabolic
syndrome in relation to cardiovascular risk in elderly Chinese individuals. Diabetes Care 2007, 30, 2128–2134.
[CrossRef]

32. Regitz-Zagrosek, V.; Lehmkuhl, E.; Mahmoodzadeh, S. Gender aspects of the role of the metabolic syndrome
as a risk factor for cardiovascular disease. Gend. Med. 2007, 4 (Suppl. B), S162–S177. [CrossRef]

33. Chuang, S.Y.; Chen, C.H.; Chou, P. Prevalence of metabolic syndrome in a large health check-up population
in Taiwan. J. Chin. Med. Assoc. 2004, 67, 611–620.

34. Hwang, L.C.; Bai, C.H.; Chen, C.J.; Chien, K.L. Gender difference on the development of metabolic syndrome:
A population-based study in Taiwan. Eur. J. Epidemiol. 2007, 22, 899–906. [CrossRef] [PubMed]

35. Ford, E.S.; Giles, W.H.; Mokdad, A.H. Increasing prevalence of the metabolic syndrome among U.S. Adults.
Diabetes Care 2004, 27, 2444–2449. [CrossRef] [PubMed]

36. Choi, Y.-J.; Shin, H.-S.; Choi, H.S.; Park, J.-W.; Jo, I.; Oh, E.-S.; Lee, K.-Y.; Lee, B.-H.; Johnson, R.J.; Kang, D.-H.
Uric acid induces fat accumulation via generation of endoplasmic reticulum stress and SREBP-1c activation
in hepatocytes. Lab. Investig. 2014, 94, 1114–1125. [CrossRef] [PubMed]

37. Ferrara, L.A.; Wang, H.; Umans, J.G.; Franceschini, N.; Jolly, S.; Lee, E.T.; Yeh, J.; Devereux, R.B.; Howard, B.V.;
De Simone, G. Serum uric acid does not predict incident metabolic syndrome in a population with high
prevalence of obesity. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 1360–1364. [CrossRef] [PubMed]

38. Abe, Y.; Kikuchi, T.; Nagasaki, K.; Hiura, M.; Tanaka, Y.; Ogawa, Y.; Uchiyama, M. Usefulness of gpt for
diagnosis of metabolic syndrome in obese Japanese children. J. Atheroscler. Thromb. 2009, 16, 902–909.
[CrossRef]

39. Ho, C.I.; Tsao, Y.C.; Chen, J.Y.; Chang, K.C.; Tsai, Y.W.; Lin, J.S.; Chang, S.S. Gamma-glutamyl transpeptidase
and the metabolic syndrome in a Taiwanese aboriginal population. Int. J. Diabetes Dev. Ctries. 2013,
33, 147–154. [CrossRef]

40. Chen, J.; Gu, D.; Chen, C.S.; Wu, X.; Hamm, L.L.; Muntner, P.; Batuman, V.; Lee, C.H.; Whelton, P.K.;
He, J. Association between the metabolic syndrome and chronic kidney disease in Chinese adults.
Nephrol. Dial. Transpl. 2007, 22, 1100–1106. [CrossRef]

41. Hjelmesaeth, J.; Roislien, J.; Nordstrand, N.; Hofso, D.; Hager, H.; Hartmann, A. Low serum creatinine
is associated with type 2 diabetes in morbidly obese women and men: A cross-sectional study.
BMC Endocr. Disord. 2010, 10, 6. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

66



International  Journal  of

Environmental Research

and Public Health

Article

High-Sensitivity C-Reactive Protein Elevation Is
Independently Associated with Subclinical Renal
Impairment in the Middle-Aged and Elderly
Population—A Community-Based Study in
Northern Taiwan

Hai-Hua Chuang 1,2,3,4, Rong-Ho Lin 3, Wen-Cheng Li 1, Wei-Chung Yeh 1, Yen-An Lin 1 and

Jau-Yuan Chen 1,2,*

1 Department of Family Medicine, Chang-Gung Memorial Hospital, Taipei & Linkou Branch,
Taoyuan 33305, Taiwan; chhaihua@gmail.com (H.-H.C.); 620313@cgmh.org.tw (W.-C.L.);
sendoh777777@gmail.com (W.-C.Y.); s19401044@gmail.com (Y.-A.L.)

2 College of Medicine, Chang Gung University, Taoyuan 33302, Taiwan
3 Department of Industrial Engineering and Management, National Taipei University of Technology,

Taipei 10608, Taiwan; rhlin@mail.ntut.edu.tw
4 Obesity Institute & Genomic Medicine Institute, Geisinger, Danville, PA 17822, USA
* Correspondence: welins@cgmh.org.tw; Tel.: +886-97-536-2672

Received: 1 July 2020; Accepted: 6 August 2020; Published: 13 August 2020

Abstract: This cross-sectional study aimed to investigate the associations between high-sensitivity
C-reactive protein (hs-CRP) and renal impairment (RI) among middle-aged and elderly people.
We collected and analyzed demographic, anthropometric, metabolic, and renal function data in a
community-based population in Northern Taiwan. We excluded subjects with acute inflammation
from this study and defined RI as the presence of urinary albumin–creatinine ratio 30–300 mg/g or an
estimated glomerular filtration rate of <60 mL/min/1.73 m2. There were 131, 125, and 125 participants
in the low (≤0.80 mg/L), middle (0.81–1.76 mg/L), and high (>1.77 mg/L) hs-CRP tertiles, respectively.
hs-CRP exhibited significantly positive correlations with body mass index, waist circumference,
systolic blood pressure, triglyceride, and fasting plasma glucose, and a negative correlation with
high-density lipoprotein. The prevalence and odds ratio of RI significantly increased across hs-CRP
tertiles from low to high, and this trend remained significant after adjusting for the conventional
cardiometabolic risk factors. hs-CRP ≥ 1.61 mg/L in the total group and ≥2.03 mg/L in the elderly
group accurately predicted RI (p = 0.01 and 0.03, respectively). These findings suggest that we should
carefully evaluate the renal function for at-risk individuals with hs-CRP elevation.

Keywords: cardiometabolic risk factors; chronic kidney disease; community medicine; high-sensitivity
C-reactive protein; renal impairment

1. Introduction

High-sensitivity C-reactive protein (hs-CRP) is considered to be an indicator of systemic
inflammation. hs-CRP is also elevated in patients with cardiometabolic risk factors such as metabolic
syndrome (MetS) and its components, including obesity, elevated blood pressure, dyslipidemia, and
hyperglycemia [1,2].

Renal impairment (RI) is one of the major complications in patients with the abovementioned
cardiometabolic risk factors [3]. As the disease progresses, mild and subclinical RI eventually
develop into chronic kidney disease (CKD) or even end-stage renal disease (ESRD), which leads to a
compromised quality of life and shortened life expectancy of the patients, consequently resulting in a
heavy socioeconomic burden. CKD is an increasingly prevalent condition that is estimated to affect
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10–12% of the global population, and is recognized as a public health priority [4]. While the prevalence
of ESRD in Taiwan is the highest in the world, the prevalence of CKD is also considerably high: 11.93%
among adults of all ages (≥20 years old) and 37.2% in the elderly population (≥65 years old). Early
intervention of CKD results in better health outcomes and lower medical costs. Unfortunately, most
patients are not diagnosed and treated until they reach later stages of the disease.

The pathophysiology of renal function decline in patients with cardiometabolic risk factors is
multifactorial, and one of the proposed mechanisms is through systemic inflammation associated with
insulin resistance [5,6]. As a surrogate marker of systemic inflammation, hs-CRP is suggested to be
linked to CKD in the literature [7,8]. However, the relationship between hs-CRP and subclinical RI in
the middle-aged and elderly population in Taiwan is not yet well established.

We hypothesized that, in addition to being positively associated with cardiometabolic risk factors,
hs-CRP was positively and independently associated with subclinical RI. The aim of the present study
was to assess the associations between hs-CRP, cardiometabolic risk factors, and subclinical RI in a
middle-aged and elderly population in Taiwan.

2. Materials and Methods

2.1. Study Design and Subjects

This was a cross-sectional quantitative study. Data for this study were collected from a
community-based health promotion project “Health Screening in the Middle-elderly and Health
Promotion Effectiveness of Intervention in Guishan Township, Taoyuan County”. The project was
conducted from March to August 2014 by a medical center in northern Taiwan to its nearby communities.
The project was approved by Chang Gung Medical Foundation Institutional Review Board on 2013/08/16
(102-2304B). Residents older than 50 years of age were recruited and completed a questionnaire during a
face-to-face interview. Each subject was enrolled voluntarily and provided written informed consent [1].
The inclusion criteria were: (a) age ≥50 years; (b) having enough ability to complete a questionnaire;
and (c) residents had lived in the community for ≥6 months. The exclusion criteria were: (a) having a
history of recent cardiovascular disease (CVD); (b) outliers of hs-CRP; and (c) declining to participate
(Figure 1).

2.2. Data Collection and Parameter Measurements

Data collection included background information, medical history, anthropometric measurements,
metabolic profiles, renal function studies, and inflammatory markers. Background information
included age, sex, alcohol consumption, smoking status, marital status, Chinese herb use,
nonsteroidal anti-inflammatory drug (NSAID) use, hypertension, diabetes mellitus, and hyperlipidemia.
Anthropometric measurements included body height (BH), body weight (BW), and waist circumference
(WC). Body mass index (BMI) was calculated as the ratio between BW and BH in meters squared
(kg/m2). Metabolic profiles included blood pressure (BP), lipid profile (total cholesterol; TC), low-density
lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides (TGs), and fasting plasma glucose
(FPG). The renal function study measured the serum creatinine and urine albumin/creatinine ratio
(ACR). The inflammatory marker was hs-CRP. To exclude acute inflammation from this study, we
further excluded subjected with hs-CRP > 10 mg/L [9].
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Figure 1. Study flow chart. Initially, we recruited 607 eligible volunteers to participate in a community
health promotion project; however, we excluded 11 cases with a history of recent cardiovascular disease
(CVD), 19 outliers of high-sensitivity C-reactive protein (hs-CRP) (>10 mg/L), and 196 that declined to
participate; therefore, we statistically analyzed 381 participants in the present study.

2.3. Definition of Renal Impairment (RI)

The estimated glomerular filtration rate (eGFR) was calculated using a modified version of the
Modification of Diet in Renal Disease equation for Chinese CKD patients: 175 × (creatinine)−1.234 ×
(age)−0.179 × 0.79 (for females). RI was defined as the presence of kidney damage (urine ACR ≥ 30 mg/g
and <300 mg/g) or decreased renal function with eGFR < 60 mL/min/1.73 m2. We chose subclinical RI
as the term for our main outcome of interest instead of CKD, since this was a cross-sectional study, and
it might not have been correct to make a diagnosis of CKD based on a one-time urine and blood test
from the subjects.

2.4. Statistical Analysis

Statistical analysis was conducted using SPSS Statistics Version 22 (IBM, SPSS, Armonk, NY, USA).
A p-value < 0.05 was considered statistically significant. Most of the distributions of the variables were
non-normal, assessed using the Kolmogorov–Smirnov test.

Subjects were stratified into tertiles according to hs-CRP levels. Clinical characteristics were
compared among tertiles using one-way analysis of variance (one-way ANOVA) for continuous
variables and chi-square test for categorical variables. The correlation between hs-CRP and
cardiometabolic risk factors was examined with Spearman’s correlation test. The association between
tertiles of hs-CRP and RI was analyzed using multiple logistic regression; model 1 was unadjusted;
model 2 was adjusted for age and sex; and model 3 was adjusted for age, sex, smoking, BMI, systolic
BP, LDL, FPG, Chinese herb use, and NSAID use. The Cochran–Armitage trend test was used to
evaluate the increasing prevalence of RI as a function of hs-CRP level tertiles. Areas under the receiver

69



IJERPH 2020, 17, 5878

operating characteristic curve (AUCs) were used to examine the ability of hs-CRP to predict RI, and
the optimized cutoff points for hs-CRP, sensitivity, and specificity were acquired using the maximal
Youden Index.

3. Results

3.1. General Characteristics of the Study Population according to Tertiles of hs-CRP Levels

There were 607 eligible volunteers who attended the community screening, among whom 11, 19,
and 196 were excluded due to recent CVD, extreme values of hs-CRP, and declining to participate,
respectively. A final total of 381 subjects, including 134 men and 247 women, with a mean age of
64.55 ± 8.48 years, were enrolled for the analysis. None of the subjects reported symptoms of advanced
CKD. Subjects were categorized into tertiles based on their levels of hs-CRP. There were 131, 125, and
125 subjects in the low, middle, and high tertiles, respectively. BMI, WC, SBP, hs-CRP, HDL, LDL, TGs,
urinary ACR, and RI were significantly different across the tertiles. There was no significant difference
observed for other variables (Table 1).

Table 1. General characteristics of the study population according to tertiles of hs-CRP levels.

hs-CRP Levels (mg/dL)

Variables

Total Low Middle High

p-Value(≤0.80 mg/L) (0.81–1.76 mg/L) (>1.77 mg/L)

(n = 381) (n = 131) (n = 125) (n = 125)

Age (years) 64.55 ± 8.48 64.47 ± 7.56 64.18 ± 8.20 65.02 ± 9.63 0.73
Middle-aged people, n (%) 219 (57.5) 71 (54.2) 73 (58.4) 75 (60.0) 0.62

Men, n (%) 134 (35.2) 51 (38.9) 41 (32.8) 42 (33.6) 0.53
Marital status (single), n (%) 74 (19.4) 29 (22.1) 19 (15.2) 26 (20.8) 0.33

Current smoking, n (%) 39 (10.2) 11 (8.4) 12 (9.6) 16 (12.8) 0.49
BMI (kg/m2) 24.53 ± 3.52 23.45 ± 3.38 24.62 ± 3.11 a 25.57 ± 3.75 a <0.001 ***

Waist circumference (cm) 85.04 ± 9.59 81.91 ± 8.98 85.39 ± 9.09 a 87.98 ± 9.78 a <0.001 ***
SBP (mmHg) 129.60 ± 16.57 126.22 ± 16.20 131.08 ± 16.26 131.66 ± 16.85 a 0.02 *
DBP (mmHg) 77.00 ± 11.44 76.26 ± 10.65 77.31 ± 11.13 77.46 ± 12.54 0.66

hs-CRP (mg/L) 1.76 ± 1.72 0.52 ± 0.17 1.25 ± 0.29 a 3.57 ± 1.93 a,b <0.001 ***
HDL-C (mg/dL) 54.83 ± 13.85 57.92 ± 15.33 55.34 ± 13.25 a 51.09 ± 11.92 a <0.001 ***
LDL-C (mg/dL) 118.94 ± 32.04 111.77 ± 28.80 121.75 ± 32.69 a 123.64 ± 33.51 a 0.01 *

TG (mg/dL) 121.60 ± 65.96 112.76 ± 65.70 116.11 ± 61.72 136.34 ± 68.32 a,b 0.01 *
FPG (mg/dL) 95.94 ± 24.98 92.26 ± 15.02 97.97 ± 33.45 97.77 ± 23.13 0.11

Creatinine (mg/dL) 0.77 ± 0.34 0.75 ± 0.31 0.77 ± 0.36 0.79 ± 0.35 0.63
eGFR (mL/min/1.73 m2) 112.76 ± 32.90 115.44 ± 31.42 112.71 ± 32.58 110.00 ± 34.71 0.42
ACR ≥ 30 mg/g, n (%) 69 (18.1) 16 (12.2) 23 (18.4) 30 (24.0) a 0.05

RI, n (%) 75 (19.7) 18 (13.7) 24 (19.2) 33 (26.4) a 0.04 *
Chinese herb use, n (%) 31 (8.14) 14 (10.69) 7 (5.60) 10 (8.00) 0.33

NSAID use, n (%) 29 (7.61) 13 (9.92) 7 (5.60) 9 (7.20) 0.42
HTN, n (%) 192 (50.39) 62 (47.33) 59 (47.20) 71 (56.80) 0.22
DM, n (%) 75 (19.69) 18 (13.74) 25 (20.00) 32 (25.60) 0.06

Hyperlipidemia, n (%) 249 (65.35) 77 (58.78) 83 (66.40) 89 (71.20) 0.11

Clinical characteristics are expressed as mean ± SD for continuous variables and n (%) for categorical variables.
The p-values were derived from one-way analysis of variance (one-way ANOVA) for continuous variables and
chi-square test for categorical variables. a p < 0.05 versus low group; b p < 0.05 versus middle group in the Bonferroni
post hoc comparisons; * p < 0.05; *** p < 0.001. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein;
LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; ACR, albumin to creatinine ratio; RI, renal impairment;
NSAID, nonsteroidal anti-inflammatory drug.

Figure 2 demonstrates the prevalence of RI according to tertiles of hs-CRP levels. The prevalence
was 13.7%, 19.2%, and 26.4% in the low, middle, and high tertiles, respectively. The trend test and
chi-square (χ2) test were significant.
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Figure 2. Prevalence of RI according to tertiles of hs-CRP levels. There was a modest linearly increasing
trend across hs-CRP tertiles.

3.2. Correlations Between hs-CRP and Cardiometabolic Risk Factors

hs-CRP had a significant positive correlation with BMI, WC, SBP, FPG, LDL, and TGs. In contrast,
hs-CRP and HDL were inversely correlated. After adjusting for age, the aforementioned findings
remained significant (Table 2).

Table 2. Correlation between hs-CRP and cardiometabolic risk factors.

hs-CRP (n = 381)

Variables
Unadjusted Adjusted for Age

Spearman’s Coefficient p-Value Spearman ‘s Coefficient p-Value

Age (years) −0.02 0.74 NA NA
BMI (kg/m2) 0.28 <0.001 *** 0.23 <0.001 ***

Waist circumference (cm) 0.30 <0.001 *** 0.23 <0.001 ***
SBP (mmHg) 0.18 <0.001 *** 0.12 0.03
DBP (mmHg) 0.06 0.22 0.06 0.26
FPG (mg/dL) 0.12 0.02 * 0.15 0.004

HDL-C (mg/dL) −0.20 <0.001 *** −0.16 0.002
LDL-C (mg/dL) 0.17 <0.001 *** 0.10 0.05

TG (mg/dL) 0.25 <0.001 *** 0.17 0.001
eGFR (mL/min/1.73 m2) −0.06 0.24 −0.03 0.53

ACR (mg/g) 0.16 0.001 ** 0.11 0.03 *

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FPG, fasting
plasma glucose; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C,
low-density lipoprotein cholesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate; ACR, albumin to
creatinine ratio; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.3. Associations between Tertiles of hs-CRP and RI

The odds ratio (OR) of RI significantly increased in the high tertile using the low tertile as a
reference. This finding was significant, with an OR of 2.25 in model 1 (unadjusted), an OR of 2.22 in
model 2 (adjusted for age and sex), and an OR of 2.16 in model 3 (adjusted for age, sex, smoking, BMI,
SBP, LDL, FPG, Chinese herb use, and NSAID use). Across increasing hs-CRP tertiles, the trend test of
increasing RI was also significant in all three models (Table 3).
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Table 3. Associations between tertiles of hs-CRP and renal impairment.

Tertiles of hs-CRP
Model 1 Model 2 Model 3

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Tertiles of hs-CRP
Low 1 – – 1 – – 1 – –

Middle 1.49 (0.77–2.91) 0.24 1.52 (0.78–2.98) 0.22 1.42 (0.70–2.90) 0.33
High 2.25 (1.19–4.26) 0.01 * 2.22 (1.17–4.23) 0.02 * 2.16 (1.07–4.93) 0.03 *

p-Value for trend 0.01 * 0.02 * 0.03 *

Model 1: Unadjusted. Model 2: Multiple logistic regression adjusted for age and sex. Model 3: Multiple logistic
regression adjusted for factors in model 2 plus smoking, BMI, SBP, LDL, FPG, Chinese herb use, and NSAID use.
Abbreviations: hs-CRP, high-sensitivity C-reactive protein; RI, renal impairment; SBP, systolic blood pressure; BMI,
body mass index; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; CI,
confidence interval; * p < 0.05.

Figure 3 demonstrates the receiver operating characteristic curves for hs-CRP to predict RI in the
total (Figure 3a), middle-aged (Figure 3b), and elderly (Figure 3c) groups. Table 4 summarizes the areas
under the receiver operating characteristic curve (AUCs), sensitivities, and specificities according to
the optimized cutoff points of hs-CRP for predicting RI in these three groups. Based on a cutoff point of
1.61 mg/dL, hs-CRP accurately predicted RI in the total group (AUC = 0.60; p = 0.01; sensitivity = 0.56;
specificity = 0.66). Although the predictive value of hs-CRP (cutoff point = 2.03 mg/dL) in the elderly
group was promising (AUC = 0.62; p = 0.03; sensitivity = 0.46; specificity = 0.82), its predive value
(cutoff point = 1.61 mg/dL) was not significant in the middle-aged group (AUC = 0.59; p = 0.09;
sensitivity = 0.58; specificity = 0.63).

Figure 3. The receiver operating characteristic curves for high-sensitivity C-reactive protein as a
predictor of renal impairment in the total group (a), middle-aged group (b), and elderly group (c).

Table 4. Predictive values of hs-CRP for renal impairment in the total, middle-aged, and elderly groups.

Variables AUC (95% CI) p-Value Cutoff Point Sensitivity Specificity

Total study population (n = 381)
hs-CRP 0.60 (0.53–0.67) 0.01 * 1.61 mg/dL 0.56 0.66

Middle-aged group (<65 years, n = 219)
hs-CRP 0.59 (0.49–0.69) 0.09 1.61 mg/dL 0.58 0.63

Elderly group (≥65 years, n = 162)
hs-CRP 0.62 (0.51–0.72) 0.03 * 2.03 mg/dL 0.46 0.82

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; AUC, area under the receiver operating characteristic
curve; * p < 0.05.

4. Discussion

In our study, hs-CRP was positively associated with conventional cardiometabolic risk factors
including BMI, WC, SBP, FPG, LDL, and TGs were negatively associated with HDL. Furthermore,
when we divided subjects into tertiles based on hs-CRP levels, the aforementioned variables were
significantly different across each group. These findings are compatible with previous reports showing
that the level of hs-CRP is highly related to risk factors of cardiovascular diseases (CVD) [10–12].
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The results of this study validate our hypothesis; the prevalence of subclinical RI increased across
the tertiles of hs-CRP from low to high, and the trend remained significant even after adjusting for
many traditional risk factors. Obesity, hypertension, dyslipidemia, and diabetes are well-recognized,
major risk factors for kidney damage [13,14]. Diabetic nephropathy is the leading cause of renal
failure in many developed countries. However, our study further shows that even after adjusting for
conventional risk factors, Chinese herb use, and NSAID use, hs-CRP was independently related to
subclinical RI. Notably, hs-CRP was more strongly related to elevated ACR than decreased eGFR and
predicted subclinical RI in the elderly population more effectively than in the middle-aged population.

To address the relationship between hs-CRP and subclinical RI, we discuss it from three distinct
viewpoints: (1) the biology of hs-CRP as a biomarker of inflammation; (2) the role of chronic
inflammation in RI; and (3) the possibility of using hs-CRP in risk stratification for RI. The outcome
in this study was RI; however, since CKD is the expected complication when RI lasts over time, we
mention both terms frequently as appropriate in the following discussion.

4.1. Biology of hs-CRP as a Biomarker of Inflammation

CRP, a member of the pentraxin family, is a ring-shaped protein found in blood plasma that is
mainly secreted and released by hepatocytes. CRP is measured as hs-CRP in low-level inflammatory
conditions. The production of hs-CRP is triggered by several cytokines, such as interleukin-6 (IL-6).
IL-6 is released from activated leukocytes in response to infection or trauma and from vascular smooth
muscle cells in response to atherosclerosis [12,15].

hs-CRP is a circulating reactant associated with a wide range of acute and chronic inflammatory
conditions. When there is an acute stimulus such as viral or bacterial infection, the level of hs-CRP
can increase as much as 100 to 500 mg/L within 4 to 6 h, doubling every 8 h, and can increase up to
10,000-fold in severe cases. The increase in hs-CRP levels tends to be proportional to the intensity of
inflammation. hs-CRP levels decrease quickly with a short half-life of approximately 4 to 7 h when
inflammation subsides. The above characteristics make hs-CRP a particularly useful clinical biomarker
to reflect the presence and degree of inflammation [15,16]. hs-CRP concentrations between 2 and
10 mg/L are considered to indicate metabolic inflammation, which has been postulated as an important
pathway linked to atherosclerosis and subsequent CVD. Abundant studies have reported a positive
association between hs-CRP level and cardiometabolic risk factors [10,11].

4.2. Role of Chronic Inflammation in Subclinical RI

Under normal conditions, inflammation is a protective physiological response to harmful stimuli.
However, in conditions such as chronic RI, when inflammation becomes persistent and deregulated, it
becomes maladaptive and debilitating [17]. The role of systemic inflammation in chronic RI has been
prodigiously investigated, especially in the context of ESRD [18]. Systemic inflammation is considered
to be not only a risk factor for mortality but also a catalyst for other complications, and is related
to a premature aging phenotype. The pathophysiological mechanisms underlying this process are
complicated and intricate, such as premature aging of the immune system, defective regulation of
inflammatory processes, abnormalities in mineral metabolism, and gut dysbiosis [19].

The other factor that inflammation and RI are both linked to is atherosclerosis. The concept of
inflammation being central to the initiation and progression of atherosclerotic changes is now mature,
originating from observations in the 1800s. Atherosclerosis is now considered an inflammatory disease
characterized by the progressive accumulation of lipids in the vessel wall [20,21]. Atherosclerosis
leads to CVDs such as coronary artery disease, stroke, and peripheral vascular disease [22]. RI, as a
common comorbidity among patients with CVD, has been postulated as both a predisposing factor and
a consequence of atherosclerosis. RI accelerates atherosclerosis via the augmentation of inflammation,
perturbation of lipid metabolism, and other mechanisms [19], which in turn can contribute to the
progression of renal decline [13,23].
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4.3. Possibility of Using hs-CRP in Risk Stratification for RI

Patients with CKD have a considerably higher incidence of CVD events and premature death.
A substantial volume of research has focused on finding biomarkers for better risk stratification in
this population. hs-CRP is one of the earliest and most frequently used biomarkers. The positive
association between hs-CRP level and CVD events, as well as overall morality in CKD patients, is
evident [24–26], although some still debate its clinical application [27]. Some other parameters have
also been suggested to serve this purpose, such as microalbuminuria, natriuretic peptides, troponins,
adiponectin, leptin, phosphorus, parathyroid hormone, vitamin D, fibroblast growth factor 23, and
matrix metalloproteinases [27,28].

While the literature extensively addresses hs-CRP for the prediction of outcomes of late-stage
CKD patients, there is still limited research on the associations between hs-CRP and mild or early RI. A
few studies have reported an inverse association between the hs-CRP level and GFR [29,30]. A recent
study has also reported a link between hs-CRP elevation and urinary alpha-1 microglobulin (A1MG),
an early sign of renal damage, in type II diabetes patients [31]. Our study provided evidence of the
linkage of systemic inflammation and subclinical RI in seemingly healthy middle-aged and elderly
community populations. This finding can help clinicians identify patients in need of more aggressive
and focused preventive measures to improve future outcomes. Concerning the high prevalence of
metabolic syndrome, as well as the high availability and easy interpretation of hs-CRP, this finding has
practical clinical application.

The advantages of this study included a clear design, a sufficient sample size, a comprehensive
inclusion of relevant confounders, and a well-performed data analysis. The novelty of this study
was, from a community approach, to report different cutoff values of hs-CRP among the middle-aged
and elderly cohorts to better predict subclinical renal impairment in these two specific age groups.
However, the participants in our study were recruited from a few communities in northern Taiwan,
and the characteristics of this cohort might differ from those of the general population. A possible
selection bias and the single Han ethnicity of the subjects might limit the generalizability of this
research. Also, RI was defined using a single urine and blood measurement, based on which the
duration and nature of RI were not easy to clarify. Additionally, the study was cross-sectional and thus
not able to examine causal relationships. A prospective case–control study is warranted to externally
verify our present findings.

5. Conclusions

hs-CRP is significantly and independently associated with subclinical RI. Careful evaluation and
early intervention should be considered in the middle-aged and elderly population with systemic
inflammation and other comorbidities. Future studies with a prospective design will be of interest.
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Abstract: Objective: We aimed to explore the association between food insecurity and depression
among early care and education (ECE) workers, a vulnerable population often working in precarious
conditions. Design: We utilized cross-sectional data from a study exploring the effects of wage on ECE
centers. Participants were enrolled between August 2017 and December 2018. Food insecurity was
measured using the validated six-item U.S. Household Food Security Survey Module and participants
were categorized as food secure (score = 0–1), low food security (score = 2–4), and very low food
security (score = 5–6). Depression (defined as a score ≥ 16) was measured using the 20-item Center
for Epidemiologic Studies Depression Scale-Revised. We employed a logistic regression model to
examine the relationship between food insecurity and depression. All models controlled for marital
status, nativity, race/ethnicity, number of children in the household, job title, weekly hours of work,
education, income, and study site. Setting: Participants were from Seattle (40%) and South King
County (26%), Washington, and Austin, Texas (34%). Participants: Participants included 313 ECE
workers from 49 ECE centers. Results: A majority of participants were female, non-Hispanic White,
born in the U.S., and did not have children. Compared to being food secure, very low and low food
insecurities were associated with a 4.95 (95% confidence interval (CI): 2.29, 10.67) and 2.69 (95% CI:
1.29, 5.63) higher odds of depression, respectively. Conclusions: Policies and center-level interventions
that address both food insecurity and depression may be warranted, in order to protect and improve
the health of this valuable, yet vulnerable, segment of the U.S. workforce.

Keywords: food insecurity; depression; mental health; early care and education; childcare

1. Introduction

In 2019, 10.5% of U.S. households (13.7 million households) experienced low or very
low food security, defined as households that lack stable access to sufficient food [1].
Of U.S. households with children, 6.5% (2.4 million households) were food insecure in
2019, with very low food secure households reporting that children experienced hunger,
skipped a meal, or did not eat for an entire day due to inability to purchase food [1].
Food insecurity is associated with greater depressive symptoms among both the general
U.S. population [2–4] and a more vulnerable population: female welfare recipients [5].
Furthermore, food insecurity may contribute to children’s self-perceived psychological dis-
tress [6]. Prior studies also find high prevalence rates of both food insecurity and depression
among the early care and education (ECE) workforce [7–9], a vulnerable population who
typically earns low wages, works long hours, and lacks fringe benefits [7,8]. ECE settings
include sites in which children younger than age six are cared for by a caregiver other than
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their parents or primary caregivers and include both center-based (e.g., childcare centers,
preschools) and home-based care arrangements (e.g., nanny or babysitting in the child’s
home) [8,10]. Despite the high prevalence rates of both food insecurity and depression,
and the precarious work conditions faced by ECE workers in the U.S., studies have yet to
explore the relationship between food insecurity and depression among this population [7].

Several prior studies have examined the relationship between food insecurity and
adverse mental health outcomes [11–15], and most report that food insecurity is associated
with a higher prevalence of depressive symptoms in the U.S. [2–5,11,16–18]. In particu-
lar, a 2019 meta-analysis (N = 57 cross-sectional studies) [12] reported that the odds of
depression were 174% higher among those who were food insecure (compared to food
secure). Similarly, a longitudinal study reported a dose–response relationship between
food insecurity and depressive symptoms and poor mental health, among women at risk of
or living with HIV, i.e., women experiencing more severe food insecurity had higher odds
of probable depression when compared with food secure women [18]. At the same time,
longitudinal analyses suggest that the relationship could be bidirectional, meaning that
food insecurity is both associated with depressive symptoms and depressive symptoms
are associated with food insecurity [11]. For example, a 2016 analysis using data from
the Early Childhood Longitudinal Study—Birth Cohort reported that severe maternal
depression was associated with a higher probability of child (79%) and household (69%)
food insecurity [4].

There are several mechanisms through which food insecurity might directly be re-
lated to mental health. First, food insecurity may act as a stressor, as individuals are
plagued with a constant anxiety about household food supply and worried about meeting
practical needs [11,15]. Chronic stress has been found to induce physiological changes,
including hyper-activation of the hypothalamic-pituitary-adrenal (HPA) axis and increased
cortisol levels, that predispose individuals to depression [19]. In addition, the way in
which an individual interprets their food insecurity status relative to the psychosocial
environment and their social positioning may evoke shame, as well as trigger stress and
adverse physiological responses [2]. Food insecurity may also be related to poor mental
health by limiting one’s ability to consume a nutritious diet [2,20], provide self-care, and/or
adhere to medical recommendations [11,15]. Poor self-management of chronic mental
and physical health conditions may also increase an individual’s health care costs, which,
in turn, can lead to additional financial strain, continued food insecurity, and limited access
to health care.

Food insecurity may also indirectly harm mental health through participation in food
assistance programs. The Supplemental Nutrition Assistance Program (SNAP) is the largest
federal food and nutrition assistance program that supports low-income Americans [14].
Although SNAP participation is associated with a significant reduction in both prevalence
and severity of food insecurity [14], participation in food assistance programs and the
stigma associated with receiving food assistance have been linked to adversely affect
mental health [3,5].

The ECE workforce is predominantly female and a particularly vulnerable, yet very
important, segment of the U.S. workforce [7,21]. ECE jobs are often precarious or lower qual-
ity, characterized by low wages, high stress, long hours, lack of fringe benefits, and short
tenure [7,21]. Compared to national averages or women of similar demographics, this work-
force has been found to have unhealthier diets, lower rates of physical activity, fewer hours
of sleep, and higher rates of depression and diabetes [7,8]. Moreover, this population
has a high prevalence of both food insecurity and depression [7–9]. A study in North
Carolina found that 36% of ECE workers reported clinically depressive symptoms—about
five times the national rate of depression for Americans [7]. Similarly, a 2017 Arkansas
workforce study reported that 33% of their sample of ECE teachers were at risk for depres-
sion, and 40% reported being food insecure [9]. A 2020 scoping review on the health status
of the U.S. ECE workforce and health-promoting interventions targeting this population
further validated that this workforce experiences significant mental health challenges, in-
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cluding stress and depression, and has a heightened chronic disease risk due to suboptimal
health behaviors, regardless of ECE setting (e.g., federally funded Head Start Programs for
low-income households vs. for-profit or non-profit childcare centers) and job title [22].

When examining the ECE workforce beyond the U.S., research shows that workplace
stress is common among workers in other countries [22]. ECE workers in other countries,
such as Singapore, also experience low pay, high turnover rate, and poor prestige [23].
The policy context for ECE varies by country. The policies, systems, regulations, practices,
and culture of ECE within each country, therefore, significantly shape the health and
quality of the workforce [24]. For example, the U.S. has a national recommendation on the
maximum number of children per staff member based on the age of child, such as 4:1 for
children up to 1 year old and 10:1 for children 2 to 5 years old, with regulations enforced
by individual states [24]. The Russian Federation, on the other hand, bases its staff-to-child
ratio on the available floor space of the ECE center rather than age of child. Nonetheless,
there is a growing recognition among governments worldwide on the importance of
investing in quality early education through the development of an effective and accessible
ECE system with a well-trained and sustainable workforce [24].

The primary objective of this analysis was to explore the association between food
insecurity and depression among ECE workers, as prior studies have yet to investigate
this association among this high-risk population. Given the prior literature that focuses
on female welfare recipients and households with children, we hypothesized that food
insecurity will be associated with higher odds of depression among this vulnerable segment
of the U.S. workforce. The secondary objective of this analysis was to investigate the extent
to which the relationship between food insecurity and depression varied by wages and
participation in food assistance programs. A better understanding of this relationship is
needed to inform interventions and policies that are designed to improve the health and
well-being of the ECE workforce, which may benefit the workers themselves, as well as the
children whom they care for [25,26].

2. Methods

The cross-sectional data presented in this paper were collected as part of baseline data
collection from a 2017–2020 prospective study titled “Exploring the Effects of Wage on the
Culture of Health in Early Childhood Education Centers,” which explores the effects of
wage on early care and education centers in Seattle and South King County, Washington,
and Austin, Texas [8,27].

2.1. Participants, Recruitment, and Data Collection

The study population and study recruitment are described in detail elsewhere [8].
Briefly, between August 2017 and December 2018, ECE centers that served children ages
0–6 were recruited in comparable urban areas, specifically Seattle, South King County,
and Austin. Seattle and South King County share similar key cost-of-living measures,
including food costs and housing-cost burden [28]. Austin, TX, was also chosen as an
additional comparison site to Seattle, WA, due to its similarity in cost of living, demographic
characteristics, and the ECE context (Supplemental Table S1). Forty-nine (15–19%) of ECE
centers that were contacted in Seattle (N = 16), South King County (N = 16), and Austin
(N = 17) were enrolled. In-person worker recruitment meetings were then conducted by
study staff at each enrolled ECE center. Inclusion criteria included the following: being an
adult worker (≥18 years old); being employed part-time or full-time in one of the 49 ECE
centers, in a position that cared for children; and being able to read and speak English.
All eligible workers were invited to participate in the study. Of 504 workers who initially
expressed interest in participating, 366 enrolled in the study and completed the baseline
questionnaire. Of these 366 participants, 313 workers had complete case information.
Participants were compensated with a $30 gift card upon completion of the baseline survey.

The baseline survey was offered online or on paper. All interested participants
(n = 504) were e-mailed a link to the online survey or mailed a paper copy of baseline
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surveys based on their preference. Data were collected on sociodemographic characteris-
tics (e.g., age, race/ethnicity, education, marital status, household and individual annual
income, food assistance participation), employment characteristics (e.g., job title, aver-
age paid hours of work per week), and workers’ health (e.g., self-reported depressive
symptoms and food security).

The Institutional Review Board at the University of Washington approved all
study protocols.

2.1.1. Key Exposure Variable

Our primary exposure was food insecurity, which was measured using the validated
six-item U.S. Household Food Security Survey Module developed by the National Center
for Health Statistics [29]. This module queries individuals about their household food
situation with questions about how often in the last 12 months the participant and/or
adults in his/her household ran out of food and did not have money to buy more and
how often they could not afford to eat balanced meals [29]. Participants were also asked
questions (yes/no) about whether they and/or adults in their household reduced the
size of meals or skipped meals due to lack of money for food in the last 12 months.
Affirmative answers to these questions were summed to form a household raw score
(range = 0–6). Using established guidelines [29], participants were categorized into three
categories: normal to high food security (score = 0 to 1), low food security (score = 2 to 4),
and very low food security (score = 5 to 6). Participants categorized in the normal to high
food security group are referred to as “food secure” throughout this manuscript.

2.1.2. Key Outcome Variable

Our primary outcome was depression, which was measured using the validated
20-item Center for Epidemiologic Studies Depression Scale-Revised (CESD-R) [30,31].
Respondents answered questions about how often they experience nine different groups of
depressive symptoms: sadness, loss of interest, appetite, sleep, thinking/concentration,
guilt, tired, movement, and suicidal ideation. Each item was scored as follows: 0 (“not at
all or less than one day”), 1 (“1–2 days”), 2 (“3–4 days”), and 3 (“5–7 days, or nearly
every day for 2 weeks”). The overall CESD-R score is a sum of the responses to the
20 questions and ranges from 0–60 [30]. For the purposes of this analysis and using
previously established cutoffs from the CESD-R, participants were coded into binary
categories: clinically significant depression (score ≥ 16) and not depressed (score < 16) [30].

2.1.3. Effect Measure Modifiers and Confounders

Based on prior literature [3,5,17,32], we hypothesized that the effect of food insecurity
and depression may vary by wages and food assistance program participation. Food assis-
tance participation was defined as self-reported participation in at least one food assistance
program, which included Supplemental Nutrition Assistance Program (SNAP), the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC), farmers market
WIC program, food bank, and reduced-price or free school program. Participants receiving
any food assistance were categorized together due to small sample sizes for each individual
food assistance program.

Workers’ wages were collected as a continuous variable. Wage was dichotomized
based on the median value for each study site (i.e., <median versus ≥median). The hourly
wage median at each study site was $17.35 in Seattle, $14.08 in South King County,
and $14.82 in Austin.

A directed acyclic graph (DAG) was used to identify potential confounders, which were
defined as variables associated with the exposure and outcome that are not along the causal
pathway [33]. Existing literature was used to support assumptions made about the role of
each variable and the completeness of our DAG. From our DAG, a minimally sufficient
set of confounders was identified and included as covariates in our primary model. Con-
founders included age (continuous), marital status (never married, now married, other),
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birth country (U.S. versus other), race/ethnicity (Non-Hispanic Black/African Ameri-
can, Non-Hispanic White, Other, Hispanic), number of children in the household (0, 1,
≥2 children), job title (center director, lead teacher or instructor, teacher or instructor,
assistant teacher or instructor, other), average paid hours of work per week (continu-
ous), highest level of education (≤high school/GED, some college/associates/ECE certifi-
cate, ≥bachelor’s degree), total household income (>$25,000, $25,000–$49,999, ≥$50,000,
don’t know), and an indicator variable for study site (Seattle, South King County, Austin).

2.2. Statistical Analysis

We employed a logistic regression model to examine the relationship between food
insecurity and depression, and controlled for the aforementioned covariates.

Two sensitivity analyses were performed for the primary model. First, sex was in-
cluded as an additional covariate in the model, because 94% of our sample was female.
Second, annual household income was replaced with annual individual income, as a co-
variate. Our primary model assumed that household income more strongly influences
food insecurity and depression versus individual income.

Finally, in two separate models, an interaction term was used to assess whether
food assistance participation (food assistance (yes/no) × food insecurity) and wage (me-
dian wage (below/at or above) × food insecurity) modified the association between food
insecurity and depression.

All statistical analyses were conducted in STATA 13 (StataCorp., College Station,
TX, USA).

3. Results

Our primary model included 313 ECE workers, with complete case information,
from 49 ECE centers in Seattle, WA (n = 126, 40%), South King County, WA (n = 81,
26%), and Austin, TX (n = 106, 34%). Fifty-three participants, who lacked complete case
information, were excluded from this analysis. Compared to participants with complete
data, those excluded were more likely to be foreign-born, Hispanic, not have any children
in the household, and had lower educational attainment.

Demographic characteristics of our analytic sample by food security status are pre-
sented in Table 1 (additional details presented in Supplemental Table S2). The majority of
participants was female (94%), non-Hispanic White (56%), born in the U.S. (86%), and did
not have children (63%). Compared with workers who reported being food secure, work-
ers who reported low and very low food security, on average, had lower household incomes.
A greater proportion of these workers also reported never having been married, having two
or more child dependents, having less than a bachelor’s degree, earning wages below the
site median, and participating in food assistance programs. Workers who reported that they
were food secure were generally older. Of the total sample (N = 313), 72 (23%) participants
were participating in food assistance programs, with 37 (12%) participants or members of
their households receiving SNAP benefits.

When examining the association between depression and food insecurity, we see
that mean CESD-R depression raw scores increased with higher levels of food insecurity
(Figure 1). In our primary model, after controlling for covariates, very low and low food
insecurities, compared to being food secure, were associated with a 4.95 (95% Confidence
Interval (CI): 2.29, 10.67) and 2.69 (95% CI: 1.29, 5.63) higher odds of depression, respectively
(Table 2). In the sensitivity analyses, the magnitude, direction, and statistical significance
were similar when we controlled for sex (low food security Odds Ratio (OR) = 2.75; 95% CI:
1.32, 5.79, very low food security OR = 5.00; 95% CI: 2.31, 10.83) and when we controlled
for household versus individual annual income (low food security OR = 3.06; 95% CI: 1.49,
6.27; very low food security OR = 5.49; 95% CI: 2.63, 11.46) (Table 3).
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Table 1. Characteristics of the study cohort of 313 early care and education (ECE) providers, by food security status, 2017.

Demographic Factor *
Food Secure

(n = 185)
Low Food Security

(n = 64)
Very Low Food Security

(n = 64)

Age, mean (SD) 39.5 (13) 35.5 (13) 33.3 (12)

Females, n (%) 171 (93%) 59 (92%) 61 (97%)

U.S. Born, n (%) 155 (84%) 55 (86%) 58 (91%)

Study Site, n (%)
Seattle, WA 81 (44%) 26 (41%) 19 (30%)

South King County, WA 50 (27%) 16 (25%) 15 (23%)
Austin, TX 54 (29%) 22 (34%) 30 (47%)

Race/Ethnicity, n (%)
Non-Hispanic White 118 (64%) 30 (47%) 27 (42%)

Non-Hispanic Black/African-American 17 (9%) 10 (16%) 14 (22%)
Non-Hispanic, Other 27 (15%) 3 (5%) 6 (9%)

Hispanic 23 (12%) 21 (33%) 17 (27%)

No Children (<18) in Household, n (%) 125 (68%) 32 (50%) 40 (63%)

Highest Level of Education, n (%)
≤High School or GED 17 (9%) 18 (28%) 16 (25%)

Some college, Associate’s degree, ECE certificate 65 (35%) 23 (36%) 32 (50%)
Bachelor’s degree or higher 103 (56%) 23 (36%) 16 (25%)

ECE Job Title, n (%)
Center Director 20 (11%) 3 (5%) 3 (5%)

Lead Teacher or Instructor 55 (30%) 24 (38%) 28 (44%)
Teacher or Instructor 50 (27%) 14 (22%) 14 (22%)

Assistant Teacher or Instructor 41 (22%) 12 (19%) 13 (20%)
Other 19 (10%) 11 (17%) 6 (9%)

Average Paid Hours of Work Per Week, mean (SD) 37.7 (8) 37.2 (7) 36.5 (8)

Individual Annual Income ($), median (25th–75th
percentile)

31,340
(25,480–37,502)

25,935
(17,160–31,221)

26,000
(15,600–30,000)

Household income, n (%)
Below $25,000 22 (12%) 20 (31%) 20 (31%)

$25,000–$49,999 55 (30%) 20 (31%) 28 (43%)
$50,000 or more 96 (52%) 18 (28%) 15 (23%)

Don’t know 12 (7%) 6 (9%) 1 (2%)

Hourly Wage in Comparison to Median Site Wage,
n (%)

Below median 73 (41%) 34 (55%) 41 (66%)

Depression CESD-R Score †, mean (SD) 11.8 (8) 18.7 (12) 23.1 (12)

Non-clinical Depression ‡, n (%) 138 (75%) 31 (48%) 21 (33%)

USDA Food Security 6-item Raw Score §, mean (SD) 0.2 (0.4) 2.8 (0.8) 5.6 (0.5)

Participates in Food Assistance Program ♦, n (%) 32 (17%) 20 (31%) 20 (31%)

* Percentages provided for each demographic factor reflect proportions of participants in each food security subgroup (i.e., for each
demographic factor, percentages within the same column sum to 100%). † The Center for Epidemiologic Studies Depression Scale-Revised
(CESD-R) scores are based on responses to 20 questions and range from 0 to 60, with higher scores indicating more depressive symptoms
[30]. ‡ Categorical depression was based on the CESD-R scores from 0–60 and categorized accordingly: (1) Non-clinical Depression
(score = 0–16) and (2) Clinical Depression, including Major, Probable, Possible, and Sub-threshold Depression (score ≥ 16), based on
previously established cutoffs [30]. § The United States Department of Agriculture (USDA) Food Security six-item Raw Scores ranged
from 0 to 6, with a higher score being indicative of more severe food insecurity. Food security was categorized accordingly: (1) Normal to
High Food Security (score = 0 to 1), (2) Low Food Security (score = 2–4), and (3) Very Low Security (score = 5–6) [29]. ♦ Out of a total of
313 samples, 37 (12%) participants or members of their households received Supplemental Nutrition Assistance Program (SNAP) benefits,
22 (7%) received Women, Infants and Children (WIC) program benefits, four (1%) received farmers market nutrition program for WIC,
13 (4%) received benefits from food bank or pantry, 24 (8%) received benefits from free or reduced school breakfast or lunch for kids,
and one (0.3%) received benefits from another program.
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* The USDA Food Security 6-item Raw Score ranges from 0 to 6, with a higher score being indicative of more 
severe food insecurity [29]. 

† The Center for Epidemiologic Studies Depression Scale-Revised (CESD-R) scores are based on responses to 
twenty questions. Scores range from 0 to 60, with higher scores indicating more depressive symptoms [30]. 

Figure 1. Mean USDA food security and CESD-R depression raw scores by food security status among 313 early care and
education providers.

Table 2. Primary model with logistic regression estimates (odds ratios) for the association between
food insecurity and depression among a cohort of 313 early care and education (ECE) providers in
Washington and Texas *.

Food Security Status Odds Ratio 95% Confidence Interval p-Value

Low Food Security (N = 64) 2.69 (1.29, 5.63) 0.011
Very Low Food Security (N = 64) 4.95 (2.29, 10.67) 0.000

* Presented values were estimated using logistic regression models for the association between food insecurity
and depression after controlling for age, marital status, birth country, race/ethnicity, number of children in the
household, job title, average paid hours of work per week, highest level of education, total household income,
and an indicator variable for study site. The reference group is participants who are food secure (N = 185).
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Table 3. Sensitivity analyses with logistic regression estimates (odds ratio) for the association between food insecurity and
depression among a cohort of 313 early care and education (ECE) providers in Washington and Texas *.

Food Security Status Odds Ratio 95% Confidence Interval p-Value

Sensitivity Analysis 1: Primary Model + Sex (N = 311) †

Low Food Security (n = 64) 2.75 (1.32, 5.79) 0.009
Very Low Food Security (n = 63) 5.00 (2.31, 10.83) 0.000

Sensitivity Analysis 2: Primary Model, replacing Annual Household Income with Annual Individual Income (N = 299) ‡

Low Food Security (n = 61) 3.06 (1.49, 6.27) 0.002
Very Low Food Security (n = 62) 5.49 (2.63, 11.46) 0.000

* Presented values were estimated using logistic regression models for the association between food insecurity and depression. The primary
model controls for age, marital status, birth country, race/ethnicity, number of children in the household, job title, average paid hours
of work per week, highest level of education, total household income, and an indicator variable for study site. † The reference group is
participants who are food secure (n = 184). ‡ The reference group is participants who are food secure (n = 176).

Finally, our study found that the association between food insecurity and depression
did not vary by participation in a food assistance program (p = 0.71) or median site wage
(p = 0.41). Table 4 presents estimates, stratified by food assistance program participation
and wage status.

Table 4. Logistic regression estimates (odds ratios) for the association between food insecurity and depression among
a cohort of early care and education (ECE) providers in Washington and Texas, stratified by food assistance program
participation and wage *.

Food Security Status

Food Assistance Program Participation (N = 313) † Individual Wage (N = 303) †

Yes (n = 72) No (n = 241)
Below Site Median

(n = 146) ‡

At or Above
Site Median

(n = 155)

Low Food Security 2.58
(0.41, 16.35)

2.73
(1.17, 6.38)

1.62
(0.52, 5.04)

4.11
(1.28, 13.24)

Very Low Food
Security

6.77
(1.02, 44.80)

6.11
(2.48, 15.02)

6.67
(2.19, 20.38)

5.18
(1.32, 20.32)

Global p value 0.71 0.41

* Presented values were estimated using logistic regression models for the association between food insecurity and depression after
controlling for age, marital status, birth country, race/ethnicity, number of children in the household, job title, average paid hours of work
per week, highest level of education, total household income, and an indicator variable for study site. † The reference group is participants
who are food secure. ‡ Individuals with a job title of center director who earned below median site wage (n = 1) were not included in
this model.

4. Discussion

To our knowledge, this is the first study to investigate the association between food
insecurity and depression among ECE workers. Prevalence rates for food insecurity
and depression in our sample were 41% and 39%, respectively, which are higher than
national prevalence rates of food insecurity among American households (10.5%) [1] and
of depression among U.S. females (9%) [34]. However, the prevalence rates in our sample
were comparable to rates noted in recent studies with ECE samples and nursing home
employees, a comparable low-wage worker population [7,9,25,32].

The association between food insecurity and depression noted in our ECE sample
is consistent with that of several previous studies that look at this association within
vulnerable populations and predominantly female samples [4,5,18,35]. In a recent cross-
sectional analysis of the National Health and Nutrition Examination Survey (2011–2014),
authors report a dose–response relationship between food insecurity and depressive symp-
toms among diabetic adults with an odds ratio of similar magnitude to those noted in
our study [35]. A second cross-sectional analysis of low-income, diabetic participants,
in King County, WA, also found that being food insecure (versus secure) was associated
with almost 3-times higher odds of depression, similar to our finding for food insecure
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adults [36]. Results from the Women’s Employment Study similarly reported that house-
hold food insufficiency was associated with depression among low-income female welfare
recipients [5]. Moreover, using longitudinal data, Tuthill et al. [18] found that women
with very low food security had five times the odds of depression, compared to food
secure women [18].

Regarding our secondary study objective, we did not find that food assistance partici-
pation modified the association between food insecurity and depression. These findings
differ from that of some studies, which reported that the association between food insecurity
and depression varied by food assistance program participation [2,3,17,37]. Some nation-
ally representative data suggest that the association between food insecurity and emotional
distress or depression was higher among SNAP participants compared to SNAP-eligible
nonparticipants [2,3]. Heflin and Ziliak’s [2] longitudinal analysis also noted that the
magnitude of the association between food insufficiency (i.e., food insecurity with hunger)
and emotional distress was larger when participants were initially transitioning onto SNAP,
possibly due to the increased stigma and participants’ inexperience in navigating the
system. Similarly, Leung et al. concluded that the odds of depression, in relation to food in-
security, were higher for most SNAP participants versus SNAP-eligible nonparticipants [3].
Unlike these studies, which focused on only SNAP participation, our study examined the
heterogeneity in the association by food program participation in any food assistance pro-
gram, because we were not powered to solely examine SNAP participation. Only 72 sample
participants received benefits from any food assistance program, and only 12% of sample
participants or household members (n = 34) were enrolled in SNAP, which was much
smaller than that of previous studies [2,3]. This may have been attributable to differences
in SNAP eligibility requirements, as our study focused on ECE workers in only two states,
rather than a nationally representative sample; our sample also mostly consisted of work-
ing, able-bodied adults without dependents (ABAWD), who must abide by specific work
requirements (e.g., averaging 80 work hours/month) in order to receive SNAP benefits
and are only eligible for SNAP benefits for three months in a three-year period [38,39].
Additional barriers to participation may have also played a role. In focus groups conducted
with our ECE providers (N = 15), participants mentioned several barriers to participation,
including stigma, individual resistance to ask for help, limited time, and having a house-
hold income that was slightly over the eligibility threshold. This is consistent with prior
literature [40,41], which emphasizes the administrative hurdles associated with both apply-
ing and maintaining eligibility for SNAP, as well as the program’s inability to account for
short-term income volatility among SNAP-eligible participants. In addition to differences
in sampling, the absence of effect modification noted in our study may also be due to the
fact that food assistance participation could be acting as a mediator, rather than an effect
modifier, of the relationship between food insecurity and mental health.

Surprisingly, our study also did not find that individual-level wage modified the asso-
ciation between food insecurity and depression. Household financial income is consistently
found to be the strongest predictor of food insecurity risk [14], and the association between
financial instability and poor mental health is well documented [13,18,32]. We hypoth-
esized that participants with the lowest wage would have a larger magnitude of effect
between food insecurity and depression. One possible explanation for our findings may
have to do with the narrow range of income represented in this sample. Our overall
sample size was also relatively small and, therefore, we may have been insufficiently
powered to detect heterogeneity in the association. Another possible explanation for our
findings may be related to whether the respondent was the primary wage earner in the
household and, thus, subject to higher levels of stress due to financial strain. For example,
a study examining low-wage nursing home workers, which is also a highly vulnerable
workforce, found that the association of depression with household financial strain and
food insufficiency varied by primary wage earner status [32]. Among primary wage earner
participants, the odds of depressive symptoms were found to be 3.6 times higher in relation
to food insufficiency (vs. food security), whereas food insufficiency was not associated
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with depressive symptoms, among non-primary wage earners [32]. Our survey did not
include a measure that would allow for identification of primary wage earner status.

Overall, this study suggests the need for policies and interventions that address both
mental health and food insecurity in this valuable yet vulnerable workforce. Although our
study focused on the ECE workforce in the U.S., the issue of low wages in this employment
sector may not be unique to this country, and the availability and generosity of food assis-
tance benefits may differ. A well-nourished and healthy ECE workforce is needed in all
countries to optimize the growth and development of the next generation [24]. More chil-
dren than ever are enrolled in ECE programs, and these children spend a significant amount
of developmental time and may receive most of their daily nutrition in this setting [42,43].
In order to provide high-quality care and education to the children they serve, ECE workers
need support in their work environments; one possible approach to help optimize their
working conditions and health is through population-level strategies [25,26].

Potential policy-level strategies in the U.S. could include incorporating ECE workers
as recipients of the federally reimbursed nutritious meals and snacks already served on-site
to children via the Child and Adult Care Food Program or adopting legislation or provi-
sions that improve financial security for ECE workers (e.g., tax credits, raised minimum
wage [44]). Centers could also provide workers with resources and connections to nutrition
education and food assistance programs, as misunderstandings and uncertainty around
eligibility for food stamp benefits are fairly common, and population-specific outreach and
education around food assistance participation eligibility may encourage participation [45].

Centers can also look for opportunities to create on-site programs or create synergies
with existing local programs (e.g., home preparation meal kits, weekly produce markets,
or food pantries). For example, Hungry Harvest partners with various public schools in
Baltimore City to provide reduced-cost, recovered produce to staff, students, and families
in low-income neighborhoods [46]. In Seattle and South King County, the Good Food
Bags program provides a weekly subscription to subsidized, fresh produce to lower-
income families through preschools, community centers, and other community partner
organizations [47]. On-site programs established through a community effort [48] are not
only more accessible but may also reduce the stigma associated with food assistance [45]
and thereby encourage use of these resources. Finally, potential centers could include
routine staff training on mental health and emotional well-being, coping skills, and stress
management.

There are several limitations of this analysis. First, a cross-sectional analysis precludes
our ability to infer a causal relationship between food insecurity and depression. Second,
our study also included a relatively small sample of predominantly female, non-Hispanic
white, and low-wage ECE workers in two states in the U.S., which limits generalizability.
Third, we did not collect data on the total number of children or adults outside of the home
who may rely upon the incomes of the ECE workers in our sample. However, an additional
sensitivity controlling for the total number of people in the household produced results
similar in magnitude, direction, and statistical significance to our primary specification
where we only controlled for the total number of children (Supplemental Table S3). Finally,
our study findings, like most survey research, are limited by selection bias. Participants
who were interested and willing to complete our baseline survey may differ from non-
respondents, which could bias our study results. Nonetheless, key strengths of this study
include the use of validated measures and a rigorous assessment of the relationship between
food insecurity and depression among a sample of ECE workers.

5. Conclusions

This study found that food insecurity is associated with depression among a sample
of ECE workers. Considering the high prevalence rates of food insecurity and depression
within this population, policies and center-level interventions that address both food
insecurity and depression may be warranted in order to protect and improve the health of
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this valuable, yet vulnerable, workforce. A healthy ECE workforce is vital to the delivery
of quality childcare.
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Abstract: As the novel coronavirus disease (COVID-19) spreads worldwide, quarantine guidelines
are being constantly updating to prevent the transmission of this virus. Regardless of which country
international students live in, they might receive limited crucial quarantine guidelines from that
country’s government. The purpose of this study was to identify factors influencing the preventive
practice of international students in South Korea during the COVID-19 pandemic. This was a cross-
sectional descriptive study. Data were collected from international students in three universities
from July 10 to July 31 in 2020. A total of 261 international students participated in the survey, using
an online questionnaire. Data were analyzed by independent t-test, one-way ANOVA, Pearson
correlation coefficients, and multiple regression analysis. Preventive practice during the COVID-
19 pandemic was affected by duration of stay in Korea (β = −0.21, p < 0.001), attitudes (β = 0.22,
p = 0.001), and trust in Korea’s quarantine system (β = 0.33, p < 0.001). This study showed that
attitudes and trust in the quarantine system could affect personal preventive practice during the
outbreak of a highly contagious disease such as COVID-19.

Keywords: coronavirus; infection control; quarantine; students

1. Introduction

The novel coronavirus disease 2019 (COVID-19), also called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), is the cause of an ongoing worldwide pandemic [1].
Its main symptoms include fever, cough, sore throat, and many other respiratory symptoms.
It was first reported in those with pneumonia of unknown cause in Wuhan, China, in
December 2019 [1]. In Korea, the first COVID-19 patient was a 35-year-old Chinese woman
who arrived from Wuhan on 19 January 2020 [2]. Despite the imposition of Wuhan’s entry
restrictions on 4 February, the number of confirmed COVID-19 cases in Korea sharply
increased, starting with the 31st identified patient in Daegu city, a city with 2.5 million
residents [3]. The number of patients reached 7755 in Korea on 12 March 2020, with the
country ranking second globally. As COVID-19 can spread very rapidly in a specific cluster
(Christchurch), 87.3% of all confirmed South Korean cases occurred only in Daegu and the
adjacent Gyeongbuk province, as of 17 March 2020 [3,4].

It is essential to know and adhere to proper prevention guidelines for infection control.
During the emergence of an unknown novel virus, the guidelines from the World Health
Organization (WHO) [5], Centers for Disease Control and Prevention (CDC) [6], and
Korea Disease Control and Prevention Agency (KDCA) [7] continue to be updated and
revised. However, sometimes, the information provided in these guidelines is confusing or
conflicting [8]. Therefore, it is difficult for most international students living in Daegu and
Gyeongbuk to keep track of the continually changing guidelines announced by Korea’s
government or to find relevant information. Mostly, many international students often
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obtain COVID-19 related information through social media [9], so they need to be managed
to avoid exposure to misinformation, particularly during the COVID-19 pandemic. Most
of them are non-English speakers and may have difficulty understanding the official
announcements provided in Korean and English. For a highly contagious disease such as
COVID-19, individuals’ prevention practices are of the utmost importance in preventing
infectious diseases, and it is necessary to investigate the preventive practices of international
students, who are often overlooked, during quarantine.

According to the Knowledge–Attitude–Practice (KAP) model, knowledge allows
individuals to change their attitudes, and finally, to change their practices [10]. Each
person’s compliance with preventive guidelines is mostly affected by their KAP toward
COVID-19 under KAP theory [11]. In previous studies about infectious diseases, including
Middle East respiratory syndrome (MERS) [12] and severe acute respiratory syndrome
(SARS) [13], the knowledge and attitudes were found to be correlating variables with
preventive practice. A few KAP studies on COVID-19 reported similar findings, and most
of them were conducted on native college or university students majoring in nursing or
medicine [14–16], which may be not be generalizable to international students. Moreover,
very few studies have explored the relationship between trust in a quarantine system and
preventive practice. Therefore, the aim of this study was, for international students who are
likely to be marginalized by the national quarantine system, to investigate the relationship
between KAP towards COVID-19 and influencing factors of preventive practice.

2. Methods

2.1. Study Design

This study utilized a cross-sectional descriptive study design. It was conducted in
two steps. First, a pilot study was conducted to test the feasibility and reliability of the
measuring instruments. In particular, whether international students could entirely under-
stand a questionnaire written in Korean was assessed. After completing the pilot study,
the primary survey was conducted to identify factors influencing international students’
preventive practice during the COVID-19 pandemic. The questionnaire developed by
researchers consisted of demographic characteristics, knowledge, attitudes, trust in Korea’s
quarantine system, and preventive practice related to the COVID-19 pandemic.

2.2. Participants

Participants were conveniently sampled, and they were voluntarily recruited through
a recruitment announcement from three (Y, D, another D) universities located in Daegu and
Gyeongbuk, Korea. These universities are private universities with 68, 91, and 37 depart-
ments, respectively, and Korean language education centers. Around 2900 international
students are registered in the three universities, which are the leading universities in terms
of the number of international students enrolled [17]. The number of eligible participants
was 1200 based on the inclusion and exclusion criteria. Among them, 300 international
students participated in the online survey, and 43 were excluded due to unresponsive items.
Finally, data from 256 international students were used for statistical analysis. Inclusion
criteria were as follows: (1) those who registered in a university or a language school of
a university and took online or offline lectures; (2) those who had a level 3 in the Test of
Proficiency in Korean (TOPIK) [18] that allowed international students to be accepted by a
Korean university for studying as a minimal requirement; (3) those who had been living in
South Korea for more than six months and voluntarily participated in the online survey.
Exclusion criteria were as follows: (1) age of younger than 20 years or more than 30 years;
and (2) those who had a regular job as foreign workers, although they were studying
in a university.
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2.3. Measures
2.3.1. Knowledge about COVID-19 Pandemic

The researchers developed a COVID-19 pandemic knowledge scale based on the
CDC’s guidelines [6] and the questions used to survey MERS-related knowledge among
Korean nursing students [19]. This scale consisted of 10 items. Its content validity index
(CVI) was rated by three nursing professors using a 4-point Likert scale (1 = not relevant,
4 = very relevant). In the pilot study, ten foreign students were asked to respond to some
words in vague terms (“droplet infection” and “olfactory paralysis”). Subcategories were
onset (1 item), symptoms (4 items), transmission (3 items), and prevention (2 items). A
correct answer was given 1 point, and an incorrect answer or “do not know” response was
given 0 points, with a higher score indicating a higher level of knowledge. The final CVI of
the scale was 0.88. Its reliability (Kuder–Richardson 20) was 0.73.

2.3.2. Attitudes toward the COVID-19 Pandemic

The researchers developed five items relating to attitudes toward the COVID-19
pandemic by referring to previous studies [20,21]. Each item was rated on a 5-point
Likert scale from “Not at all” (1 point) to “Absolutely yes” (5 points), with a higher score
indicating that the participant was more likely to feel that that the COVID-19 pandemic
was a severe health issue. Ambiguous words and phrases were revised through a pilot
study. Cronbach’s α of the scale in the primary study was 0.72.

2.3.3. Trust in Korea’s Quarantine System during the COVID-19 Pandemic

The researchers developed three items relating to trust in Korea’s quarantine sys-
tem during the COVID-19 pandemic. Each item was rated on a 5-point Likert scale
(1 = “Not at all” to 5 = “Absolutely yes”). Regarding the reliability of the scale, Cronbach’s
α in the primary study was 0.86.

2.3.4. Preventive Practice during the COVID-19 Pandemic

Preventive behaviors during the COVID-19 pandemic are related to the respondents’
practice behaviors to prevent the transmission of the disease during the previous two weeks.
The scale, based on CDC guidelines [6] and developed by the researchers, consisted of
ten items. Three nursing professors tested the scale, and its CVI was 0.89. Each item could
be rated on a 4-point Likert scale (0 = “Not performed” or ”Not applicable” to 3 = “Performed
all the time”), with a higher score meaning greater performance of the preventive practice.
The reliability (Cronbach’s α) of the scale was 0.86 in the primary study.

2.4. Data Collection

Before developing scales for this study, the researchers completed an online course
entitled COVID-19 Contact Tracing, authorized by Johns Hopkins University, to guarantee
researchers’ expertise regarding COVID-19. This study was approved by the Institutional
Review Board (IRB) of U University in Korea (No. 1040968-A-2020-009).

A pilot study was conducted from 3 July to 7 July 2020, to correct these scales. The
primary study was conducted from 10 July to 31 July 2020. International students were
notified and encouraged to participate in the study through a voice recording or an an-
nouncement via the three universities’ Learning Management Systems. If they intended
to participate in the study, they could follow a link to access the survey. The first page
of the online survey included the consent to participate in the research, and all subjects
proceeded to the survey after agreeing to participate in the research.

2.5. Data Analysis

Data of 256 participants were analyzed using SPSS/WIN 25.0 software. General char-
acteristics and knowledge about COVID-19 were expressed as mean, standard deviation,
frequencies, and percentages. Differences in preventive practice according to general char-
acteristics were analyzed using t-test, ANOVA, and post-hoc Scheffe test. Attitudes, trust
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in Korea’s quarantine system, and preventive practice during COVID-19 were presented as
mean, standard deviation, and minimum–maximum values. Correlation between study
variables was analyzed using Pearson’s correlation test. Factors influencing COVID-19
preventive practice were identified by hierarchical multiple linear regression analysis.

3. Results

3.1. Preventive Practice According to General Characteristics

Participants’ average age was 22.90 years, and there were slightly more males (50.8%)
than females (49.2%). There were more undergraduate students (56.3%) than language
school students (43.8%) in the affiliation. Regarding their duration of stay in Korea, du-
rations of 1 to 2 years were the most common (49.6%), and a duration of more than three
years (9.8%) represented the lowest proportion. As for nationality, Vietnamese (43.0%)
represented a higher proportion than Uzbekistani (27.0%), Chinese (18.8%), and other
nationalities (11.3%). Other countries included Japan, the Philippines, and Malaysia.

There were significant differences in preventive practice by gender (t = 4.19, p < 0.001),
affiliation (t = 5.47, p < 0.001), and duration of stay in Korea (F = 8.93, p < 0.001). As a result
of the post-hoc comparison test, students who stayed for 1 to 2 years practiced significantly
lower preventive behaviors than those who stayed for more than two years (Table 1).

Table 1. Preventive practice according to general characteristics (N = 256).

Variables Categories
Mean ± SD

or n (%)

Preventive Practice

Mean ± SD t or F
p

(post-hoc)

Age (yrs) 22.90 ± 2.41
Gender Male 130 (50.8) 2.66 ± 0.44 4.19 <0.001

Female 126 (49.2) 2.42 ± 0.46
Affiliation Undergraduate 144 (56.3) 2.68 ± 0.37 5.47 <0.001

Language school 112 (43.8) 2.36 ± 0.51
Stay duration in Korea Less than 1 56 (21.9) 2.58 ± 0.43 8.93 <0.001

(yrs) 1-2 a 127 (49.6) 2.41 ± 0.49 (a < b,c)
2-3 b 48 (18.8) 2.71 ± 0.38

More than 3 c 25 (9.8) 2.79 ± 0.30
Nationality Vietnam 110 (43.0)

Uzbekistan 69 (27.0)
China 48 (18.8)
Others 29 (11.3)

3.2. Knowledge about COVID-19

The total correct rate was 85.5% for knowledge about COVID-19 among international
students in South Korea. The item with the highest correct answer rate (99.2%) was about
prevalent symptoms such as fever, cough, and a sore throat in the symptoms category.
However, students most lacked information on the two-week quarantine period in the
transmission category (57.0%) (Table 2).
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Table 2. Knowledge about COVID-19 (N = 256).

Items Answer Category
Correct

n (%)

1. COVID-19 is a respiratory infectious disease caused
by coronavirus (SARS-CoV-2) True Onset 247 (96.5)

2. COVID-19 is transmitted by close contact with the
infected person True Symptoms 249 (97.3)

3. Fever, cough, a sore throat, muscle pains, and
shortness of breath are possible symptoms
of COVID-19

True Symptoms 254 (99.2)

4. Nausea, diarrhea, taste, and olfactory dysfunction
are possible non-specific symptoms of COVID-19 True Symptoms 203 (79.3)

5. It requires people who have recently had close
contact with someone with COVID-19 to go into
quarantine for 1 week

False Transmission 146 (57.0)

6. COVID-19 vaccine is available in markets False1 Prevention 159 (62.1)
7. Using face masks can help in the prevention of
disease transmission True Transmission 252 (98.4)

8. COVID-19 could be fatal only for the elderly False Transmission 201 (78.5)
9. You could have been infected and spread COVID-19
to others even if you do not have symptoms True Symptoms 232 (90.6)

10. If soap and water are not readily available, use a
hand sanitizer that contains at least 60% of alcohol True Prevention 237 (92.6)

Total 85.5%
1 It was scored false because there was no vaccine during the data collection period in June 2020.

3.3. Attitudes, Trust in Korea’s Quarantine System, and Preventive Practice for COVID-19

The mean score of participants’ attitudes toward COVID-19 was 4.40 out of 5. The
highest scoring item (4.41) was about social distancing, and the lowest scoring item (3.04)
was about recognition of the dangers of COVID-19.

The mean score of participants’ trust in Korea’s quarantine system was 4.13 out of 5.
They were satisfied with the order of the healthcare system (score of 4.26), government
quarantine system (score of 4.10), and local government quarantine system (score of 4.01).

The mean score of their preventive practice was 2.54 out of 3. The highest score was
2.82 for the item about wearing a face mask in public, and the lowest score was 2.29 for the
item of avoiding touching one’s own face with unwashed hands (Table 3).

Table 3. Attitudes, trust in Korea’s quarantine system, and preventive practice related to COVID-19 (N = 256).

Variables Mean ± SD Min-Max

Attitudes 4.40 ± 0.57 3–5
1. Do you have confidence that we can win the battle
against the COVID-19 virus? 4.31 ± 0.97 1–5

2. Do you have confidence that you can prevent COVID-19
infection by following the precautions well? 4.39 ± 0.75 2–5

3. Do you carefully read and follow the instructions
on COVID-19 from the (provincial) government
and university?

4.40 ± 0.83 1–5

4. COVID-19 is a very dangerous contagious disease 3.04 ± 1.49 1–5
5. The activities in my daily life needs to be limited to
prevent COVID-19 4.41 ± 0.79 2–5

Trust in Korea’s quarantine system 4.13 ± 0.81 2–5
1. In general, are you satisfied with how the government
handles the COVID-19 outbreak? 4.10 ± 0.95 1–5

2. In general, are you satisfied with how your provincial
government handles the COVID-19 outbreak? 4.04 ± 0.97 1–5

3. In general, are you satisfied with healthcare system in
South Korea? 4.26 ± 0.82 2–5
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Table 3. Cont.

Variables Mean ± SD Min-Max

Preventive practice (During past 2 weeks) 2.54 ± 0.47 1–3
1. Have washed my hands often with soap and water for at
least 20 seconds 2.49 ± 0.70 0–3

2. Have avoided touching my eyes, nose, and mouth with
unwashed hands 2.29 ± 0.89 0–3

3. Have avoided close contact with people who are sick,
even inside my home 2.41 ± 0.84 0–3

4. Have stayed out of crowded places and avoided
mass gatherings 2.50 ± 0.73 0–3

5. Have worn a face mask when I have to go out in public 2.82 ± 0.44 1–3
6. Have covered my mouth and nose with a tissue when I
coughed or sneezed or used the inside of my elbow, if I did
not have a mask on in a private setting

2.59 ± 0.70 0–3

7. Have thrown used tissues in the trash, and immediately
washed my hands after coughing or sneezing 2.60 ± 0.64 1–3

8. Have cleaned and disinfected frequently touched surfaces
on daily basis 2.42 ± 0.74 0–3

9. Have been alert for related symptoms 2.69 ± 0.53 0–3
10. Have taken temperature if symptoms were shown 2.61 ± 0.65 0–3

3.4. Correlations among Variables

Knowledge, attitude, and trust in Korea’s quarantine system were positively corre-
lated with each other. Preventive practice for COVID-19 showed significantly positive
correlations with knowledge (r = 0.29, p < 0.001), attitudes (r = 0.46, p < 0.001), and trust in
Korea’s quarantine system (r = 0.48, p < 0.001) (Table 4).

Table 4. Correlations among variables (N = 256).

Variables Attitudes
Trust in Korea’s

Quarantine System
Preventive Practice

Knowledge 0.44 (<0.001) 0.36 (<0.001) 0.29 (<0.001)
Attitudes 0.46 (<0.001) 0.46 (<0.001)

Trust in Korea’s quarantine system 0.48 (<0.001)

3.5. Factors Influencing Preventive Practice against COVID-19

A hierarchical multiple linear regression was conducted to analyze factors influencing
preventive practice. The Durbin-Watson statistic showed an approximate value of 2,
indicating no problem assuming the independence of residuals. The variance expansion
index was all less than 10, indicating that there was no multicollinearity problem. In
model 1, regression analysis was performed by gender, affiliation, and Stay duration in
Korea, significant variables among general characteristics, as dummy variables. Regression
equation was significant (F = 22.15, p < 0.001) and the explained power was 14%. Gender
(β = 0.19, p = 0.001) and stay duration in Korea (β = −0.30, p < 0.001) were significant
variables. In model 2, preventive practice against COVID-19 was affected by the stay
duration in Korea (β = −0.21, p < 0.001), attitudes (β = 0.22, p = 0.001), and trust in Korea’s
quarantine system (β = 0.33, p < 0.001). Final regression equation was significant (F = 26.58,
p < 0.001) and the explained power was 33% (Table 5).
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Table 5. Factors influencing preventive practice against COVID-19 (N = 256).

Variables B SE beta t p

Model 1
Constant 2.57 0.05 52.79 <0.001

Gender (Ref. male) 0.18 0.06 0.19 3.28 0.001
Stay duration in Korea (Ref. 1 to 2 years) −0.28 0.06 −0.30 −5.01 <0.001

R2 = 0.15, adj.R2 = 0.14, F = 22.15, p < 0.001

Model 2
Constant 0.94 0.23 4.14 <0.001

Gender (Ref. male) 0.03 0.05 0.03 0.54 0.593
Stay duration in Korea (Ref. 1 to 2 years) −0.20 0.05 −0.21 −3.94 <0.001

Knowledge 0.12 0.22 0.03 0.56 0.579
Attitudes 0.18 0.05 0.22 3.49 0.001

Trust in Korea’s quarantine system 0.19 0.04 0.33 5.46 <0.001
R2 = 0.35, adj.R2 = 0.33, F = 26.58, p < 0.001

4. Discussion

The highly infectious nature of COVID-19 is causing dramatic changes in the lifestyles
of millions of people worldwide. In particular, in South Korea, the spread of COVID-
19 resulted in a dramatic increase in the number of confirmed cases per day, reaching
741 in Daegu only ten days after discovering the 31st patient in Daegu on 18 February
2020 [3,4]. At that time, Daegu and Gyeongbuk had to fight a novel epidemic without
being prepared. Above all, international students, mostly from non-English-speaking
countries, had difficulty obtaining information from a daily updated national policy for
novel infectious diseases. Therefore, this study was performed to identify influencing
factors associated with preventive practice during the COVID-19 pandemic for international
students who might have been marginalized during information transmission. There have
been very few studies on preventive practice during COVID-19 among international
students, to our knowledge.

According to the KAP model, knowledge, attitudes, and practice are inter-related [9,10],
and previous studies have found that knowledge is the most crucial factor in preventive
behavior regarding novel influenza A [22]. However, the result of the final hierarchical
regression analysis in this study found that participants’ attitudes, but not their knowledge
about COVID-19, affected their preventative practice, although they also showed significant
positive relationships [23–25].

Knowledge about COVID-19 was moderate (85.5%), and four out of 10 items showed
a correct answer rate of less than 80%. This study’s knowledge level was lower than that
of 300 international students in Hubei province in China, which showed only two out of
13 items were correctly answered, at a rate of less than 80% [11]. It also was lower than
that of 93.2%, measured in 474 nursing students in the study of Sun et al. [26], and 90%,
measured in 6910 residents in China [20]. Of course, a direct comparison might be difficult
due to differences in the instruments used and the different populations.

These results indicate that it is difficult for international students to obtain accurate,
newly updated information and national policy. In particular, students lacked information
on the two-week quarantine period (57.0%) and the absence of a COVID-19 vaccine (as of
June 2020) (62.1%). However, results showed a very high correct answer rate in regard to
wearing a face mask to prevent COVID-19 (98.4%), and in regard to preventive practice
during the previous two weeks, wearing a face mask in public achieved the highest
score. This result was higher than that of 58.2%, measured in the Iranian population,
who responded that they always wear a mask [27]. Because COVID-19 is transmitted via
droplets [6], personal preventive equipment (PPE), especially face masks, can play a critical
role in controlling COVID-19 [28]. This is thought to be because KDCA actively encouraged
and promoted the wearing of face masks [7]. Regarding the attitudes, subjects agreed
that disease prevention would be possible if they complied with quarantine regulations,
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including social distancing. Moreover, their trust in Korea’s quarantine system was high
(score of 4.13). In March, the Korean government attempted to prevent the spread of
COVID-19 by introducing a 5-day rotation system for mask distribution so that people
can purchase disposable face masks each week, by sending text messages about safety
guidance, such as wearing a mask, social distancing, and hand washing, and by briefing
residents on the situation twice a day on television [29]. It was believed that such an active
response from the government improved international students’ trust in the quarantine
system. Direct comparison is difficult because there is no previous study on the correlation
between preventive practice and the quarantine system. However, people with low trust
in the healthcare system are associated with low adherence to human immunodeficiency
virus (HIV) care and poorer health outcomes [30]. Therefore, having trust in quarantine
systems and demonstrating compliance with guidelines might be more important than
having a high level of knowledge regarding factors affecting preventative practice.

5. Conclusions

In this study, international students residing in Daegu and Gyeongbuk, with the
highest number of confirmed COVID-19 cases in Korea, were investigated for factors
affecting preventive practice regarding COVID-19. Results indicate that having the right
attitudes and trust in the public quarantine system are more important in maintaining
individual preventive actions than having the right knowledge about infectious diseases in
a pandemic situation.

This study has some limitations. First, many participants in this study were Asian
and from the southeast or northeast regions, so the findings were limited and cannot
be generalized to all international students from all continents. However, to ensure the
samples’ representativeness, we sought to secure the number of samples according to
international students’ national distribution. Second, participants in this study were
limited to international students enrolled in three universities, so international students
who left Korea before the COVID-19 pandemic and were in their home countries were
omitted. This was because they were international students who did not experience Korea’s
quarantine system and prevention guidelines in the context of the COVID-19 pandemic and
did not match this study’s purpose. Despite some limitations, this study was meaningful
in that it sought ways to promote the preventive practices of international students living
in regions where the number of confirmed cases was increasing and the fear of residents
was high.
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Abstract: This study examined the determinants of perceived accessibility of maternity leave and
childcare leave in South Korea. Although maternity leave and childcare leave are mandated in
Korea, many employees are hesitant to use the policies. The purpose of this study was to empirically
examine why some women are more likely than others to perceive the policies as inaccessible and
to identify what those women’s characteristics are. The results revealed that nonregular workers
were significantly less likely than regular workers with secure contracts to perceive the policies as
accessible even though they were eligible for them. In addition, workers who worked in the private
sector, did not belong to a labor union, worked in small firms, or worked long hours were significantly
less likely to perceive the policies as accessible than those who worked in the public sector, belonged
to a labor union, worked in large firms, or worked short hours. Further, workers with low salaries
were significantly less likely than workers with high salaries to perceive the policies as accessible.
The study underscores that accessibility of leave policies in Korea is significantly correlated with
women’s employment status and wage level in the labor market.

Keywords: childcare leave; determinants; maternity leave; perceived accessibility; South Korea

1. Introduction

In 2020, the total fertility rate in South Korea (hereafter referred to as Korea) was 0.84,
the lowest in the world [1]. Difficulties balancing work and family responsibilities have
been associated with women’s reluctance to have children in Korea [2]. According to a
2009 Organisation for Economic Co-operation and Development (OECD) report, while
married Korean working women spent on average 3 h per day on unpaid domestic work,
men spent on average 30 min per day [3]. The Confucian patriarchal culture has placed
many burdens on Korean working women, who are still considered responsible for the
majority of household tasks [4]. In an effort to increase fertility among working women and
promote work–family balance, the Korean government has actively expanded maternity
leave and childcare leave since the 2000s [4]. However, despite the government’s effort,
the fertility rate has constantly dropped in Korea, and the actual use of maternity leave
and childcare leave by working women still remains relatively low [4]. According to a
2012 national report, 24% of Korean employed women who gave birth used maternity
leave, and 35% used childcare leave [5].

Although maternity leave and childcare leave are mandated by the government, many
Korean companies disapprove of employees taking advantage of the policies. Hence, a
considerable number of Korean employees perceive maternity leave and childcare leave
as inaccessible because they fear negative reprisals (i.e., being demoted to unfavorable
positions, being passed over for promotions, and being laid off after their contract ends).
In a 2008 report by the Korean Women’s Development Institute (KWDI), 56% and 59% of
wage-earning working women reported that their companies did not provide or allow
maternity leave and childcare leave, respectively [6].

IJERPH 2021, 18, 10286. https://doi.org/10.3390/ijerph181910286 https://www.mdpi.com/journal/ijerph101



IJERPH 2021, 18, 10286

Despite the low use of maternity and childcare leave in Korea, until now, to our
knowledge, no study has empirically examined the reasons why some women in Korea
are less likely than others to perceive maternity leave and childcare leave as accessible
and to identify what those women’s characteristics are on a national scale. Kim examined
1000 working Korean mothers with preschool children from five metropolitan areas in
2011–2012 and found that intent to use family policy was influenced by work-oriented
attitude, household financial status, informal (i.e., family members and neighbors) support,
work sector (i.e., private sector vs public sector), and awareness and familiarity with family
policies [7]. However, Kim’s findings cannot be generalizable because the study only relies
on five metropolitan areas. In Korea, significant differences exist between people dwelling
in metropolitan areas and rural areas (i.e., income, age, and social infrastructures). For
example, income is important because it is directly related to affordability of leaves. In 2012,
the annual average household income for rural residents was substantially lower than for
residents dwelling in metropolitan areas (USD 30,000 vs USD 54,000 [7]. Additionally, rural
areas have fewer social infrastructures such as childcare centers to help working parents
with childcare and other domestic responsibilities. Hence, the goal of the present study was
to address this gap in the literature. Using the 2007–2012 Korean Longitudinal Survey of
Women and Families (KLoWF), the present study examined on a national scale the factors
associated with working women’s perceived accessibility of maternity leave and childcare
leave in Korea. Findings from this study will help policymakers to develop policies that
better facilitate working women’s access to maternity leave and childcare leave in Korea.

2. Maternity Leave and Childcare Leave in Korea

In Korea, both maternity leave and childcare leave are mandated under the Act on
Equal Employment and Support for Work-Family Balance. To be eligible for maternity
leave and childcare leave in Korea, workers must have been employed at their workplaces
and enrolled in the National Employment Insurance program for more than 180 days. In
Korea, all companies—except for (1) unincorporated businesses with four or fewer full-
time employed workers in agricultural, forestry, fishing, or hunting industries; (2) small
construction companies with a yearly total construction cost of less than KRW 20 million
(approximately USD 17,300); and (3) self-employed businesses—are mandated to provide
the National Employment Insurance to their employees. Hence, except for the few above-
mentioned cases, the majority of wage-earning Korean workers should be automatically
eligible for maternity leave and childcare leave if they have worked at the workplace
for more than 180 days. The penalty for the company refusing to provide maternity or
childcare leave is KRW 5,000,000 (USD 4500) per case, but it only applies when reported by
a refused employee. Over the years, the Korean government has expanded maternity leave
and childcare leave to promote work–family balance and fertility.

2.1. Maternity Leave

Maternity leave was originally introduced in 1953 as a paid 60-day leave policy but
was extended in 2001 to 90 days in Korea. Currently, in Korea, maternity leave can be
used prior to birth for up to 45 days. Working Korean women are eligible to receive full
replacement wages for the first 60 days of their leave from employers and partial or full-
wage replacement from the National Employment Insurance program for the remaining
30 days up to a maximum of KWR 2,000,000 (USD 1750).

2.2. Childcare Leave

Childcare leave was first introduced in 1987 as unpaid one-year leave for mothers
with children under one year old. In 2008, this policy was revised to provide paid leave at a
flat rate of KRW 500,000 (USD 450) per month and was expanded to include both mothers
and fathers with children under three years old. In 2010, the leave was further expanded to
include children under six years old. In 2011, the flat rate was revised from KRW 500,000
(USD 450) per month to a wage replacement equivalent to 40% of the receiver’s monthly
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salary within a range of KRW 500,000–1,000,000 (USD 450–900). In 2014, it was revised
to include children under eight years old (or until they enter the second year of primary
education). In 2018, the wage replacement rate was revised to 80% of their monthly salary
within a range of KRW 700,000–1,500,000 (USD 600–1300) for the first 3 months of their
leave, and 40% of their salary within a range of KRW 500,000–1,000,000 (USD 450–900) for
the remaining 9 months. Additionally, from 2018, to promote mothers’ return to work, only
a partial 75% of the benefit is provided during the leave period and the remaining 25% of
the benefit is paid as a lump sum 6 months after mothers return to work.

Employees who are unable to take full-time one-year absence may use reduced work-
ing hours as an alternative to childcare leave. To be eligible for such leave, employees must
work for a minimum of 15 h per week and a maximum of 35 h per week and may use the
leave for up to a maximum of 2 years in one or two blocks before the child’s eighth birthday.

2.3. Low Uptake of Maternity Leave and Childcare Leave

In comparison with other OECD countries, the overall length of statutory maternity
and childcare leave support in Korea is quite extensive. Mothers in Korea can take up to
65 weeks of paid leave in total, which is longer than the OECD average of 55 weeks [8].
However, as mentioned above, the uptake rate of maternity leave and childcare leave
remains low in Korea. For children born in 2017, only about 23% of mothers used maternity
leave benefits, and 11% of them worked in the civil public sector or teaching professions [9].
Regarding childcare leave, for children born in 2018, only about 30% of parents claimed the
benefit, and 53% of them were government officials or teachers (in schools or universities).
Compared with other OECD countries, this uptake is relatively low. For example, in
Germany in 2016, approximately 94 mothers and 35 fathers claimed childcare leave for
every 100 births [9].

3. Literature Review of Determinants of Maternity Leave and Childcare Leave Accessibility

A possible reason for the low usage of maternity leave and childcare leave is that
employees believe that access to such provisions is restricted [10]. The literature explains
this as a gap between “policy and practice” [11–13]. Employees might not report that leave
policies are accessible to them even if they are available at their workplaces for several
reasons. First, companies may offer certain benefits only to specific groups of employees
(i.e., uneven coverage within a workplace). Second, employees may not be aware of the
benefits to which they are entitled. Lastly, employees may feel that these policies are
inaccessible because of various barriers, such as financial constraints, impracticalities, and
fear of reprisals [10].

However, in Korea, since maternity leave and childcare leave are statutory, companies
do not have the discretion to choose to whom to provide provisions. In addition, because
maternity leave and childcare leave have been implemented since 1953 and 1987, respec-
tively, it is unlikely that employees’ reason for not using the policies is the lack of awareness
of the programs in Korea. Dulk and Peper argued that employees must have a sense of
entitlement for them to access and use the policies and contended that social atmosphere
and institutional features pose as barriers or enablers to employees’ sense of entitlement
to policies [14]. Since there is a lack of studies on policy accessibility and its determinants
in Korea, the present study used studies from Western countries (e.g., the Netherlands,
United Kingdom, and United States) [10,14,15] to understand the mechanisms behind why
some women are less likely than others to perceive the leave policies as accessible. We
believe it would be interesting to examine whether in Korea the results would be different.
Compared with Western countries, Korea has a strong collectivist workplace culture, which
places “team/group” above “individual” [16]. On the other hand, in Western cultures,
there is more focus on the individual and that collective goods are to serve individual
rights, not vice versa. Hence, personal and family time is a priority; however, in Korea,
priority is often given to work [16]. Such differences may yield different results.
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3.1. Public Sector Employees

Dulk and Peper’s arguments are corroborated by findings from Budd and Mumford’s
examination of the relationship between institutional context (i.e., norms, regulations,
and social expectations) and employees’ perceived access to policies in the United King-
dom [10,14]. They posited that some employees are more sensitive to institutional pressure
than other employees, based on their visibility and influence in society, and found that
public sector employees were more likely to feel entitled to maternity and childcare leave
and to perceive the policies as accessible because they were more visible to the public and
sensitive to government policies. Hence, in this study, we hypothesized that:

Hypothesis 1 (H1): Women working in the public sector are more likely to perceive maternity
leave and childcare leave as accessible in Korea.

3.2. Labor Union Members

Budd and Mumford also discovered that more than those who did not belong to labor
unions, employees who belonged to labor unions were more likely to perceive leave policies
as accessible because they had stronger collective bargaining power to negotiate benefits
and, having been educated through union letters and workshops, had greater awareness
of maternity leave and childcare leave, and thus felt a stronger sense of entitlement to
these policies [10]. In Korea, although a majority of the people are aware of the existence of
the policies, some employees may not be aware that they are also eligible for the policies.
Hence, those who belong to labor unions are more likely to be aware of their entitlements
and have greater bargaining power to fight against employers who refuse to provide
maternity leave or childcare leave. Hence, in this study, we hypothesized that:

Hypothesis 2 (H2): Working women belonging to labor unions are more likely to perceive mater-
nity leave and childcare leave as accessible in Korea.

3.3. Nonregular Temporary Workers

Budd and Mumford also discovered that regular employees were more likely than
nonregular workers to perceive leave policies as accessible because they had greater job
security [10]. In Korea, nonregular workers are often deprived of their right to apply
for maternity and childcare leave because of the workplace culture and regulations that
forbid them from taking the leave or simply do not acknowledge their rights. Although
in Korea, the law stipulates that employees are automatically eligible for maternity leave
and childcare leave, regardless of their contract status, as long as they are employed for
more than 6 months at their workplaces. However, nonregular workers may not know
this or feel they cannot use the policies. According to a survey conducted by the KWDI
in 2009, about half of nonregular workers did not apply for maternity leave, and about a
third of those who did not apply reported that they did not apply because their workplace
regulations forbade them from taking leave, which is not only discriminatory but also
illegal [17]. However, nonregular workers dared not challenge the companies’ regulations
for fear of losing their work contract in the subsequent year. Hence, we hypothesized that:

Hypothesis 3 (H3): Women who are regular workers are more likely to perceive maternity leave
and childcare leave as accessible in Korea.

3.4. Company Size

It has also been reported that smaller firms are more likely than big companies in Korea
to have work regulations that forbid workers from using leave [18]. This is possibly because
the first two months of maternity leave are paid for by the employer, and smaller firms
may have less financial capability to support such costs. In addition, it was reported that a
significant share of women in Korea prefer not to take the leave in order to avoid penalizing
their coworkers, because companies often do not fill temporary vacancies [19]. Smaller
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firms are less likely than bigger companies to have the human and financial resources to fill
the vacancies when employees take leave; therefore, they are more likely to have workplace
cultures or internal regulations that hinder employees from using maternity and childcare
leave. Hence, we hypothesized that:

Hypothesis 4 (H4): Women who work in small companies are less likely to perceive maternity
leave and childcare leave as accessible in Korea.

3.5. Gendered-Discriminatory Workplace and Long Working Hours

The internal culture of the organization is argued to also influence the extent to which
employees feel entitled to leave policies [14]. There is mounting evidence that workplace
culture substantially affects workers’ perceived access to and use of maternity and childcare
leave [20]. Fried discovered that in workplaces where the workforce composition was a
“gendered pyramid, with the greatest number of women at the bottom and increasingly
fewer women as one moves up to the top”, long working hours were valued, the workplaces
were often permeated by a male-defined culture (i.e., competition, aggression, and singular
focus on career, usually at the expense of family), and employees tended to perceive leave
polices as less accessible [15] (p. 40). In Korea, work culture is marked by long working
hours (46.8 h per week, compared with the OECD average of 42 h; OECD 2019) and strong
work ethics, primarily dominated by male managers [4]. According to a survey conducted
by Job Korea in 2010, more than half of the 1623 female workers interviewed reported that
it was difficult to use maternity and childcare leave because of the pressure from their
workplaces [21], and according to a survey conducted by Samsung Economic Research
Institute, 42% of female respondents reported that they feared receiving low evaluations
during or after they returned from maternity and childcare leave [22]. Hence, in this study,
we hypothesized that:

Hypothesis 5a (H5a): Women who work in a gender-discriminatory workplace culture are less
likely to perceive maternity leave and childcare leave as accessible in Korea.

Hypothesis 5b (H5b): Women who work long hours are less likely to perceive maternity leave
and childcare leave as accessible in Korea.

3.6. Managerial Positions

Lastly, Fried also discovered that neither men nor women at the upper levels used
leave policy, and middle-level managers used it sparingly in the United States [15]. The
largest cohort of leave-takers comprised female non-managers. In addition, according
to the 2010 Korean Women Manager Panel, only 36% of managers applied for childcare
leave, and among those who did not apply, one-fourth responded that they could not
apply for the leave because, according to their workplace culture, it is customary not to
apply [23]. In a similar line of reasoning, the present study expected women workers with
high salaries to be less likely to perceive maternity leave and childcare leave as accessible
than workers with lower salaries because they have greater work responsibilities and
higher peer pressure. In this study, because of data limitations, salary was used as a proxy
variable to measure career-level position. The literature indicates that there is a significant
positive correlation between salary and career [24]. Moreover, considering that only a
partial rate of the salary is paid during the leave period, for employees with higher salaries,
the opportunity cost of leaving work to take care of children will be higher, and hence, they
may be less inclined to take maternity and childcare leave than employees’ with lower
salaries. Hence, we hypothesized that:

Hypothesis 6 (H6): Women with higher wages are less likely to perceive maternity leave and
childcare leave as accessible in Korea.
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4. Methodology

4.1. Data

The KLoWF was used for this study. The KLoWF uses a multi-stage, stratified clus-
tered design and surveys 9997 women aged 19 to 64 who live in 9068 households across
the nation. The survey was first conducted in 2007 and subsequently in 2008, 2010, and
2012. The KLoWF is an unbalanced panel survey and refreshment samples were added to
supplement for attrition. To treat for possible attrition biases, the present study used post-
stratification survey weights provided by the KLoWF. Post-stratification weights adjust
attrition by assuming that dropouts occur randomly within weighting classes defined by
observed variables that are associated with dropouts [25].

4.2. Analytical Sample

In this study, to ensure that our analytical sample was eligible for maternity and
childcare leave, our analytical sample included married, wage-earning, full-time working
women of childbearing age (16–49) and those who had worked at their workplaces for
more than 6 months, excluding those who were self-employed and worked in agricultural,
forestry, fishing, or hunting industries with fewer than four full-time employees. We
were unable to exclude those working in small construction companies with a yearly total
construction cost of less than KRW 20 million because of data limitations: however, we posit
that this number would have been minimal because the percentage of women working in
construction is very small in Korea.

Based on these criteria, a total sample of 4559 observations (wave 2007 = 1174,
wave 2008 = 1154, wave 2010 = 1118, wave 2012 = 1113) was examined. To treat for
possible biases due to repeated measures, random effects modeling was used in this study,
which is further explained in Section 4.4.

4.3. Measures
4.3.1. Outcome Variables

The outcome variables for this study were working women’s perceived access (whether
employees could actually use the policies if they wished) to maternity leave and childcare
leave. Accessibility was measured as a binary response (yes or no).

4.3.2. Predictor Variables

Employment status (regular or nonregular worker), work sector (public or private),
and belonging to a labor union (yes or no) were measured as dichotomous variables.
Company size was measured as a categorical variable (1 = below 5 employees, 2 = 5–9 em-
ployees, 3 = 10–29 employees, 4 = 30–99 employees, 5 = more than 100). Average work
hours per day and logged monthly salary were measured as a continuous variable. Gender-
discriminatory workplace culture was measured using the following six items: (1) “If
candidates have similar qualifications for appointment, men are preferred to women”;
(2) “Even with identical or similar careers, male workers are promoted faster than female
counterparts”; (3) “Even in identical or similar positions, male workers receive higher
wages and bonuses than female workers”; (4) “Duties are fixed or customarily divided
between men and women”; (5) “Even with similar duties, men have more opportunities
to receive education and training than women”; and (6) “In case of restructuring, female
workers are more likely to be forced to quit”. The KLoWF reports the six items using a
4-point Likert scale (1: nondiscriminatory to 4: discriminatory), and in this study, the items
were summed and averaged to measure gender-discriminatory workplace culture.

4.3.3. Control Variables

A range of demographic variables was controlled in this study. Participants’ age,
average hours spent on unpaid household chores, and logged yearly household income
were measured as continuous variables and controlled. Number of children was measured
as a categorical variable (0 = none, 1 = one child, 2 = two children, 3 = three or more
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children). Education attainment was measured as a 4-point ordinal scale (1 = middle
school degree or below, 2 = high school degree, 3 = two-year community college degree,
4 = four-year bachelor’s degree or master’s or higher). We have summarized the variables
in Table 1.

Table 1. Summary of the variables.

Variables Measures

Outcome
Perceive maternity leave as accessible No (=0)/Yes (=1)
Perceive childcare leave as accessible No (=0)/Yes (=1)

Predictor

Employed in public sector Private (=0)/Public (=1)
Labor union member No (=0)/Yes (=1)

Regular worker Nonregular (=0)/Regular (=1)
Company size Below 5 (=1)/5–9 (=2)/10–29 (=3)/30–99 (=4)/ more than 100 (=5)

Gender-discriminatory workplace Six-item Likert scale (1–4)
Working hours Average daily working hour (continuous)
Monthly wage Logged after-tax wage KRW 10,000 (continuous)

Control

Age Age (continuous)
Household chores Average hours spent on household chores (continuous)

Number of children 0 (=0)/1 (=1)/2 (=2)/3 or more (=3)
Household income Logged yearly after-tax household income (continuous)

Education (1 = middle school degree or below, 2 = high school degree, 3 = two-year
community college degree, 4 = four-year bachelor’s degree or master’s or higher)

4.4. Modeling

Since the KLoWF is a longitudinal panel survey, a pooled ordinary least squares (OLS)
regression model with year dummies may yield biased results because of potential omitted
variables (i.e., unobserved heterogeneity), such as social and cultural attitudes. Considering
that leave policies are closely related to contextual influences such as social and cultural
attitudes toward working women, it is important to control for such variables [26].

Both a fixed effects model and random effects model can account for unobserved
heterogeneity [27]. The purpose of both fixed and random effects estimators is to consider
treatment effects whilst controlling for unobserved individual-specific effects. In the model
below, this is represented by αi

Yit= βXit + αi + eit,

where,

• Yit is the dependent variable (i = individual, t = time);
• Xit is the independent variable;
• β is the coefficient;
• αi is the individual-specific intercept;
• eit is the error term.

In a fixed effects modeling, unobserved heterogeneity is accounted for by allowing
each individual to have its own intercept (αi). In fixed effects modeling, each individual
is assigned a specific intercept value (hence, the name fixed effects), and by doing so,
we eliminate all individual-specific effects, including both observable and unobservable
individual-level factors and focus solely on the impact of variables that vary over time.
A disadvantage, however, is that time-invariant variables cannot be estimated. Since
individual-level intercepts are essentially separate independent variables in a fixed effects
model, we assume that the intercepts are correlated with the independent variables.

In a random effects model, individual-specific effects, including unobservable fac-
tors, are captured by the composite error terms (αi + eit), which assumes that individual
intercepts (αi) are randomly distributed (hence, the name random effects), unlike in the
fixed effects model, which assigns fixed specific values. In order to capture individual
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heterogeneity, random effects modeling estimates error variances specific to cross-sectional
units [27]. Since in the random effects model, the variation across individuals is random,
we assume that the intercepts are uncorrelated with the independent variables. Hence,
in a random effects model, a one-unit increase in independent variable “X” may have
two meanings: (1) differences between individuals when there is a unit difference in “X”
between them (i.e., between effect) and (2) differences within an individual when “X”
increases by one (i.e., within effect). The random effects model estimates that the two
effects are the same [25].

Since this study was interested in estimating the overall effect of determinants of
perceived accessibility of maternity and childcare leave between and within individuals,
the random effects model was selected. Hausman specification tests were conducted to
test whether fixed effects or random effects modeling was a better model fit, and the
results confirmed the appropriateness of using random effects modeling over fixed effects
modeling. Here, we used a random effects logistic model since our dependent variables
were binary variables.

Further, we controlled for possible sample selection bias (i.e., bias due to a flaw in the
sample selection process, where a subset of the data is systematically excluded due to a
particular attribute [26]) by using STATA 16 extended regression model (ERM) analysis (see
Appendix A Table A1). Since in our study perceived accessibility of maternity leave and
childcare leave was only observed among working women, there was the possibility that
working women may have had attributes that were significantly different and non-random
from women not participating in the labor market. That is, women who were less likely to
perceive maternity leave and childcare leave as accessible may have been less likely to join
the labor market from the start (i.e., selection bias). However, the ERM results showed that
no significant sample selection bias existed in our model; hence, in this study, we used the
more parsimonious random effects logistic model as our final model.

In addition, if we were to run a pooled ordinary least squares regression model with
year dummies, the results may have been biased because of autocorrelation due to repeated
measures (i.e., correlation between residuals at a given wave and the ones for the previous
one) [26]. To control for the possible existence of autocorrelation, we used cluster-robust
standard errors in all the models [26].

5. Results

Table 2 presents the accessibility rates by time. The results show that approximately
26% and 21% of working women reported that they felt they could use maternity leave and
childcare leave, respectively, if they wished to. Over the years, despite the government’s
efforts, a lower percentage of people have perceived the leave policies as accessible.

Table 2. Maternity leave and childcare leave accessibility time.

Wave 2007 Wave 2008 Wave 2010 Wave 2012 Overall

Maternity leave 32.2% 26.3% 23.1% 21.5% 25.8%
Childcare leave 28.4.% 23.3% 19.7% 13.9% 21.4%

Table 3 presents the unadjusted bivariate results between policy accessibility and
the predictors and covariates. First, with regard to maternity leave, while 60% of regular
workers perceived maternity leave as accessible, less than 5% of nonregular workers
perceived maternity leave as accessible (p < 0.001). Likewise, while the majority (72%) of
workers who belonged to labor unions perceived maternity leave as accessible, only 18%
of workers who did not belong to labor unions perceived maternity leave as accessible
(p < 0.001). In addition, women who worked in the public sector (61%) were approximately
3 times more likely to perceive maternity leave as accessible than those who worked in
the private sector (23%; p < 0.001). Moreover, workers who worked in larger companies
were also significantly more likely to perceive maternity leave as accessible (p < 0.001), and
those who worked longer hours were more likely to perceive maternity leave as accessible
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(p < 0.001). Workers who worked in more gender-discriminatory workplaces were more
likely to perceive maternity leave as accessible, but this was not statistically significant.
Lastly, working women whose salary was higher were significantly likely to perceive
maternity leave as accessible (p < 0.001).

Table 3. Bivariate analyses (N = 4559).

Frequency (%)
Maternity Leave Childcare Leave

Not Accessible Accessible x2 (df ) Not Accessible Accessible x2 (df )

Employment type

1129.7 (1) *** 904.4 (1) ***Regular worker 49.10% 50.90% 58.90% 41.10%
Nonregular worker 95.20% 4.80% 97.20% 2.80%

Labor union

902.8 (1) *** 921.8 (1) ***No 81.80% 18.20% 87.10% 12.90%
Yes 28.30% 71.70% 37.30% 62.80%

Work sector

421.9 (1) *** 548.5 (1) ***Private 77.00% 23.10% 84.00% 16.00%
Public 38.80% 61.20% 43.00% 57.00%

Company size

837.2 (4) *** 752.1 (4) ***

5 below 94.90% 5.10% 97.40% 2.60%
5–9 85.90% 14.10% 91.50% 8.50%

10–29 74.50% 25.50% 80.90% 19.10%
30–99 52.40% 47.60% 58.30% 41.70%

100 or more 42.20% 57.80% 53.80% 46.20%

Education attainment

765.1 (3) *** 736.4 (3) ***
Middle school or below 98.50% 1.50% 98.60% 1.40%

High school 87.60% 12.40% 91.40% 8.60%
2-year community collage 64.8.% 35.20% 79.10% 20.90%

4-year college or above 47.30% 52.70% 53.60% 46.40%

Number of children

164.6 (3) *** 111.9 (3) ***
0 62.30% 38.70% 71.80% 28.20%
1 56.10% 43.90% 65.60% 34.40%
2 75.60% 24.40% 80.60% 19.40%

3 or more 82.90% 17.10% 87.00% 13.00%

Mean 1 Not Accessible Accessible t-Test (df ) Not Accessible Accessible t-Test (df )

Gender-discriminatory workplace
culture 2 2.9 (0.1) 3.1 (2.9 × 10−2) −2.0 (7914) * 2.8 (0.1) 3.1 (2.8 × 10−2) −3.7 (7914) ***

Average daily working hours 6.8 (0.5) 7.2 (0.5) −3.5 (7868) *** 6.8 (0.1) 7.1 (0.1) −1.7 (7681)
Monthly salary (KRW 10,000) 111.3 (1.5) 239.6 (3.5) −58.3 (7814) *** 116.5 (1.6) 255.3 (3.8) −56.6 (7629) ***

Age 40.6 (0.2) 36.4 (0.2) 27.8 (7914) *** 40.2 (0.2) 37.6 (0.3) 23.1 (7727) ***
Average daily unpaid housework

minutes
196.1 (10.2) 242.1 (10.8) −11.2 (6166) *** 201.0 (3.7) 234.3 (8.6) −8.6 (6069) ***

Yearly household income
(KRW 10,000)

4197.1 (240.5) 6207.5 (115.2) −29.5 (7781) *** 4291.2 (57.4) 6419.9 (120.6) −27.9 (7596) ***

Note: Values are weighted; 1 standard errors in parentheses; 2 Likert scale 1: nondiscriminatory to 4: discriminatory; * p < 0.05, *** p < 0.001.

Second, with regard to childcare leave, similarly, regular workers (42%) were signifi-
cantly (p < 0.001) more likely to perceive the policy as accessible than nonregular workers
(3%). Likewise, those who belonged to labor unions (63%) were significantly (p < 0.001)
more likely to perceive childcare leave as accessible than those who did not belong to labor
unions (13%). Working women who worked in the public sector (84%) were approximately
2 times more likely to perceive childcare leave as accessible than those in the private sector
(43%). In addition, those working in larger companies were significantly more likely to
perceive childcare leave as accessible (p < 0.001). The results show that those who work
in gender-discriminatory workplaces were significantly more likely to perceive childcare
leave as accessible (p < 0.001), while those who worked longer hours were also more likely
to perceive childcare leave as accessible, but this was not statistically significant. Lastly,
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working women whose salary was higher were significantly likely to perceive childcare
leave as accessible (p < 0.001).

Table 4 presents the random effects logistic model results after controlling for other
model covariates. First, regarding maternity leave, the results indicate that the odds of
public sector workers perceiving maternity leave as accessible were 2.87 times higher than
for private sector workers (p < 0.001). Likewise, those who were labor union members
were 2.58 times more likely to perceive maternity leave as accessible than non-labor union
members (p < 0.001). The odds of regular workers perceiving maternity leave as accessible
were 12.25 times higher than nonregular workers (p < 0.001). In addition, those working in
larger companies were significantly more likely to perceive maternity leave as accessible
(p < 0.001), and long working hours were reported to significantly decrease the odds of
perceiving maternity leave as accessible (p < 0.01). The odds of perceiving maternity
leave as accessible increased by 8.19 times with every additional 1% increase in monthly
salary (p < 0.001). However, gender-discriminatory workplaces did not have significant
associations with working women’s perception of maternity leave accessibility.

Table 4. Multivariate logistic random effects model for determinants of leave accessibility.

Maternity Leave Childcare Leave
OR (95% CI) OR (95% CI)

Public sector 2.87 (1.91, 4.32) *** 3.72 (2.39, 5.78) ***
Labor union 2.58 (1.79, 3.72) *** 2.57 (1.80, 3.68) ***

Regular worker 12.25 (7.85, 19.11) *** 13.39 (8.11, 22.11) ***
Company size (ref: below 5)

5–9 employees 2.28 (1.33, 3.91) ** 2.20 (1.16, 4.17) *
10–29 employees 4.58 (2.65, 7.91) *** 4.95 (2.69, 9.11) ***
30–99 employees 6.30 (3.63, 10.93) *** 6.63 (3.60, 12.21) ***

100 or more employees 19.11 (10.50, 34.77) *** 14.30 (7.50, 27.23) ***
Gender-discriminatory workplace culture 1.25 (0.60, 2.09) 1.20 (0.53, 2.30)

Work hour 0.92 (0.84, 0.99) ** 0.83 (0.76, 0.92) ***
Logged salary 8.19 (5.39, 1.01) *** 7.32 (4.69, 11.44) ***

Age 0.87 (0.84, 0.90) *** 0.90 (0.87, 0.93) ***
Number of children (ref: 0)

1 1.68 (0.89, 3.17) 1.71 (0.88, 3.32)
2 1.29 (0.70. 2.37) 1.25 (0.66, 2.37)

3 or more 1.61 (0.78, 3.32) 1.73 (0.79, 3.79)
Unpaid housework hour 1.00 (0.99, 1.00) 1.00 (0.99, 1.00)

Logged household income 1.20 (0.99, 1.72) 1.09 (0.74, 1.58)
Education (ref: middle school or below)

High school degree 6.54 (1.73, 24.64) ** 2.52 (0.87, 7.27)
2-year community college 10.29 (2.65, 39.90) ** 2.75 (0.89, 8.49)

4-year college or higher 11.58 (2.99, 44.75) *** 5.50 (1.82, 16.54) **
Constant 1.03 × 10−6 (3.98 × 10−9, 2.64 × 10−5) *** 3.43 × 10−6 (1.32 × 10−7, 8.89 × 10−5)

Sigma_u 1.25 (Robust SE: 0.16) 1.37 (Robust SE: 0.16)
rho 0.32 (Robust SE: 0.05) 0.36 (Robust SE: 0.05)

* p < 0.05, ** p < 0.01, *** p < 0.001.

Second, regarding childcare leave, results similarly indicate that the odds of public
sector workers perceiving childcare leave as accessible were 3.72 times higher than for
private sector workers (p < 0.001). Likewise, those who were labor union members were
2.57 times more likely to perceive childcare leave as accessible than non-labor union
members (p < 0.001). The odds of regular workers perceiving childcare leave as accessible
were 13.39 times higher than for nonregular workers (p < 0.001). Further, those working in
larger companies were significantly more likely to perceive childcare leave as accessible
(p < 0.001), and long working hours were reported to significantly decrease the odds of
perceiving childcare leave as accessible (p < 0.001). The odds of perceiving childcare leave
as accessible increased 7.32 times with every 1% increase in monthly salary (p < 0.001).
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Gender-discriminatory workplaces did not have significant associations with the perception
of childcare leave accessibility.

We summarize the results in comparison with our initial hypotheses in Table 5. Con-
trary to our hypotheses, gender-discriminatory workplace culture was not significantly
associated with working women’s perception of access to both maternity leave and child-
care leave. Moreover, while we initially hypothesized that those with higher salaries would
be less likely to perceive the leave policies as accessible, the results show that, on the con-
trary, they were more likely to perceive maternity leave and childcare leave as accessible in
Korea, which we believe is because in Korea, salary is not only associated with managerial
positions but also with company characteristics. Korea’s labor market is highly polarized
by company size [28]. Even among similar industries, large companies usually provide
much higher salaries with better fringe benefits than smaller companies, which has been
accelerated since the Asian Economic Crisis of 1997 [29].

Table 5. Summary of the results.

Predictors Hypotheses Results

Public sector Positively significant Positively significant
Labor union Positively significant Positively significant

Regular worker Positively significant Positively significant
Large firm size Positively significant Positively significant

Gender-discriminatory workplace culture Negatively significant Insignificant
Long working hour Negatively significant Negatively significant

High Salary Negatively significant Positively significant

6. Discussion

This study examined the determinants of perceived access to maternity leave and
childcare leave among Korean wage-earning full-time working women of childbearing age.
First, the results show that despite the government’s efforts to expand leave policies, the
majority of working women perceived the leave policies as inaccessible. On average, only
26% and 21% of the sample reported that they could use maternity leave and childcare
leave, respectively, if they wished to. Second, the results indicate that those who worked in
the public sector, belonged to labor unions, worked in big companies, were regular workers,
and earned high salaries were more likely to perceive maternity leave and childcare leave
as accessible, whereas those who worked long hours were less likely to perceive maternity
leave and childcare as accessible.

6.1. Limitations

Before discussing the study implications, the limitations require consideration. First,
the study focused on examining the determinants of maternity leave and childcare leave
quantitatively. Further qualitative studies are warranted to understand the complex mecha-
nisms behind working women’s perception of maternity leave and childcare leave. Second,
the present study examined the determinants of women’s perceived accessibility and not
the actual usage. Different factors may play a role in women’s use of maternity leave and
childcare leave. For example, women in higher positions may have greater authority and
thus may perceive leave policies as being more accessible; however, they may voluntarily
choose to not use these policies because they are more work-oriented. Further studies are
needed that compare the determinants of perceived accessibility and actual usage of leave
policies. Third, since in this study we did not lag (i.e., create variables that were one period
behind in time) our predictor variables, we cannot guarantee a causal relationship. We
decided not to lag our predictor variables because we were interested in examining how
the respondents’ current status was associated with their current perception of maternity
leave and childcare leave, as a result, strictly speaking, we examined association instead of
causality. Nonetheless, based on Dulk and Peper [14] and other previous studies [10–13,15],
we assume that the respondents’ current status affected their perceived accessibility of
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maternity leave and childcare leave. Fourth, due to data limitations, salary was used as
a proxy variable to measure career-level position. We acknowledge that salaries differ in
particular sectors of the economy, size classes of cities, regions, and occupations. However,
we believed it would still be interesting and meaningful to examine salary. Future studies
are called for with improved data.

Despite these limitations, the study has notable strengths. The study is the first Korean
study to empirically examine the determinants of perceived accessibility of maternity leave
and childcare leave using a national sample of working women. Restricted accessibility
has been a common recurring issue not only in Korea but also internationally; however,
there are very few empirical studies on why some employees are less likely to perceive
maternity leave and childcare leave as accessible. This paper contributes to understanding
the determinants of working women’s perceived access to maternity leave and childcare
leave, and informs policymakers of factors that could help improve policy accessibility,
and possibly usage.

6.2. Policy Implications

Our results have important policy implications. First, in our study, only one in four
working women and one in five working women perceived maternity leave and childcare
leave as accessible, respectively. A possible reason may be because currently, penalties
against employers who violate the requirement to provide leave policies are weak in
Korea [30]. For instance, companies that refuse to provide leave to employees are penalized
only KRW 5,000,000 (USD 4500) when reported by the refused employee [30]. Hence, the
authors believe stricter penalties and heightened enforcement should be implemented for
employers who do not follow the law in order to increase accessibility. In addition, it is
important to create a workplace culture where employees feel they can use the policies
without the fear of reprisal.

Second, among all the predictors, regular work had the most significant association
with women’s perceptions of the accessibility of maternity leave and childcare leave.
Regular workers perceiving maternity leave and childcare leave as accessible was 12 times
and 13 times higher than for nonregular workers, respectively. Considering that all the
samples analyzed in this study had worked for more than 180 days and were eligible to
apply for the policies, this disparity is striking. Although nonregular workers are often
involved in the same or similar tasks in the workplace as regular workers in Korea, their
terms (i.e., wages) and employment conditions (i.e., exclusion from company benefits) tend
to fall below those of regular workers [28]. Nonregular employment contracts became
a popular form of contract in Korea during the 1997 Asian Economic Crisis to avoid
providing full-time job security and welfare entitlements, which was justified as a necessity
to overcome the crisis and to remain economically solvent at the time. However, it remained
popular even after the crisis ended [28]. It is likely that nonregular workers, in fear of losing
their jobs or contracts in subsequent years, will not request leave policies as frequently
as regular workers, whose job security is protected by the Labor Standard Act and Social
Security Act. Under these Acts, regular workers cannot be subject to a definite employment
termination date unless they reach the mandatory retirement age or have committed
substantial misconduct. Although it is illegal to deprive nonregular workers of maternity
leave and childcare leave, some companies forbid (both directly and indirectly) nonregular
workers from taking leave in their regulations or contracts [31]. In 2016, 40% of total Korean
female workers were nonregular workers [32]. As a result, a possible reason for Korea’s
low policy usage rate may be the high number of female nonregular workers and their
inability to access maternity leave and childcare leave, in addition to the government’s
failure to properly regulate discrimination against nonregular workers in the labor market.

Third, the results show that those who worked in the public sector were 2.9 times and
3.7 times more likely to perceive maternity leave and childcare leave as being accessible,
respectively. This is probably because the public sector is more sensitive to government
policies, and hence it is a workplace environment that is more accepting of and accommo-
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dating to employees using leave policies. Statistics show that in 2017, among mothers who
used maternity leave, approximately one-third of them worked in the public sector [9],
manifesting that, as hypothesized, in Korea those who work in the public sector are more
likely to perceive leave policies as accessible.

Fourth, the results indicate that, in contrast to Western studies and our initial hypothe-
sis, women with higher salaries were significantly more likely to perceive maternity leave
and childcare leave as being accessible in Korea. We believe this is because, in Korea, as
previously mentioned, higher-earnings are associated not only with managerial positions
but also with company characteristics. Korea’s labor market is highly polarized between
those employed in small companies with low wages and those employed in large compa-
nies with high salaries and good fringe benefits [28]. Hence, those earning high salaries are
more likely to be employed in large companies. However, the problem lies in the fact that
a substantial number of Korean working women are low-wage workers, earning less than
two-thirds of the median-salary wage earners [33]. In 2014, 38% of Korean working women
were low-wage workers earning less than KRW 6712 (USD 5.84) an hour [31]. Although
childcare leave is paid in Korea, it currently only covers a maximum of 40% of a mother’s
monthly salary, within the range of USD 450–900. Working mothers, especially mothers
with low earning capacity, hence are likely not able to take leave or afford a lower income.
Thus, in this study, we suggest expanding the benefit amounts to be more generous to
increase accessibility and use of maternity leave and childcare leave in Korea.

Lastly, long working hours were negatively associated with working women’s per-
ceived accessibility of maternity leave and childcare leave. In 2019, a Korean worker
worked on average 1967 h per year, which is 241 h more than the OECD average and
the highest among the OECD countries [34]. Korean work culture emphasizes strong a
work ethic and long working hours, which makes it difficult to reconcile work and family
lives [35]. What we found in this study was that it is important to decrease working hours
in order to increase accessibility and usage of maternity leave and childcare leave.

7. Conclusions

In summary, the present study is the first to empirically examine the determinants of
Korean working women’s perceptions of the accessibility of maternity leave and childcare
leave in Korea using a national sample. The study discovered that employment status
(regular vs nonregular worker), working in the public sector, belonging to a labor union,
company size, and salary were the important determinants of perceived accessibility of
leave policies in Korea. However, a significant number of Korean working women are
nonregular low-wage workers who work in small companies without labor unions. Hence,
we suspect this may be one of the reasons for Korea’s low leave usage and probably Korea’s
very low fertility rate. Whilst the period of the so-called “demographic transition” involves
a significant decline in fertility linked with economic development, this negative relation-
ship has weakened, and some countries such as France and Sweden have experienced an
increase in fertility rates since the late 1990s, while their economies continue to grow [9].
On the other hand, East Asian countries such as Singapore, Korea, and Taiwan experienced
a continued drop in their fertility, hovering around 1.0–1.2 children per woman—the lowest
low fertility (i.e., total fertility rate at or below 1.3) [36]. Reports show that countries that
experienced an increase in their fertility had relatively high work–family balance and
gender-equality [9,36]. For example, Sweden offered a comprehensive support system for
working parents through a combination of generous leave policies and widely available
childcare services. The uptake rate of maternity leave and childcare leave is also high in
Sweden [37]. Hence, policymakers interested in increasing fertility rates should therefore
consider addressing these issues and try to improve the accessibility and use of maternity
leave and childcare leave. Laws that prohibit discrimination against nonregular workers
and policies that promote women’s status in the labor market should be considered.
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Appendix A

Table A1. Extended Regression Model (ERM) probit analysis controlling for selection bias.

Maternity Leave Childcare Leave
Coeff. (Robust SE) Coeff. (Robust SE)

Public sector 0.48 (0.12) *** 0.59 (0.10) ***
Labor union 0.49 (0.12) *** 0.50 (0.09) ***

Regular worker 1.05 (0.19) *** 1.02 (0.14) ***
Company size (ref: below 5)

5–9 employees 0.36 (0.12) ** 0.32 (0.11) **
10–29 employees 0.72 (0.16) *** 0.70 (0.13) ***
30–99 employees 0.81 (0.17) *** 0.78 (0.14) ***

100 or more employees 1.26 (0.25) *** 1.09 (0.17) ***
Gender-discriminatory workplace culture 0.25 (0.60) 0.20 (0.53)

Work hour −0.04 (0.01) * −0.07 (0.02) ***
Logged salary 0.88 (0.19) *** 0.82 (0.13) ***

Age −0.04 (0.01) * −0.03 (0.01) **
Number of children (ref: 0)

1 0.22 (0.14) 0.23 (0.13)
2 0.09 (0.11) 0.11 (0.12)

3 or more 0.17 (0.15) 0.21 (0.14)
Unpaid housework hour 2.78 × 10−4 (1.73 × 10−4) −8.19 × 10−5 (1.63 × 10−4)

Logged household income 0.88 (0.08) 0.05 (0.07)
Education (ref: middle school or below)

High school degree 0.85 (0.28) * 0.56 (0.22) *
2-year community college 1.03 (0.30) ** 0.57 (0.23) *

4-year college or higher 1.04 (0.30) ** 0.80 (0.23) **
constant −7.10 (0.69) *** −6.52 (0.63) ***

Selected equation
Education (ref: middle school or below) −0.02 (0.04) −0.01 (0.04)

High school degree 0.01 (0.05) −0.01 (0.05)
2-year community college 0.01 (0.04) 0.01 (0.04)

4-year college or higher
Age 0.24 (0.01) *** 0.25 (0.01) ***
Age2 −3.09 × 10−3 (0.01) *** −3.12 × 10−3 (0.01) ***

Log household income 0.15 (0.01) *** 0.15 (0.01) ***
Have a preschool child −0.20 (0.02) *** −0.20 (0.02) ***

Constant −6.86 (0.30) *** −6.91 (0.29) ***

Corr (perceived accessibility, work) 0.44 (0.48) 0.46 (0.28)

* p < 0.05, ** p < 0.01, *** p < 0.001.
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Abstract: Smart environments and the use of interactive technology has the potential to improve
the quality of life for the senior community as well as to support the connections among the senior
community and the world outside their community. In addition to the increasing number of studies
in the field of aging and technologies, research is needed to understand the practical issues of
user focus, adoption, and engagement for older adults to accept interactive technologies in their
lives. In this study, we use two commercial technological interventions (uDraw and GrandPad)
to understand technology-related perceptions and behaviors of older adults. We present five case
studies that emerge from empirical observations of initial engagement with technology through
research methods such as focus group discussions, in-depth interviews, observations, and diary
studies. The contributions of this study are identification of the key factors that influence the initial
engagement with interactive technology for older adults.

Keywords: engagement; older adults; technology; empirical studies

1. Introduction

World demographics have shifted in the last twenty years by the drop in the birth
rates and an upward shift in life expectancy [1]. As a result, there is a significant rise in
the number of older people. Along with this rise in the number of older people, recent
years have shown a large rise in the use of technology in all aspects of daily life. Many
researchers believe that the application of technology to the aging process can help people
“age well” and stay active [2,3]. Various technological inventions have been developed for
older adults to facilitate independence when performing essential activities as well as to
stay connected with family members and friends [4,5]. Technological literacy is increasingly
required to live for the senior community [6] because older adults will be expected to use
interactive technologies in their living environments, regardless of their willingness or
not to engage with technology [7]. In particular, the COVID-19 pandemic has triggered
an urgent need to address societal changes of an aging population due to social isolation
and the need for health care [8,9]. This results in an increased demand for the design and
adoption of interactive technologies to assure the health of older adults.

This paper has a focus on the need to build an in-depth understanding of older
adults’ perception and preferences towards technology. Despite the increasing amount of
studies in the field of aging and technologies [10,11], not enough research has been done
to understand the practical issues of engagement in accepting interactive technologies
by older adults. Many studies tend to focus on evaluating the feasibility or usability of
technology [12–15]. Recent research about aging and technology tends to underestimate
the initial barrier to use technology faced by older adults.

In this study, we address this need by asking the overarching research question: What
are the key factors that engage the older population in the use of technology to adapt and
live well in the digitized world? We study a senior community and their responses to
the use of specific interactive technologies to understand technology-related perceptions
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and behaviors of older adults. The goal of this study is to identify the key factors that
influence the engagement of older adults in the adoption of interactive technology. To
achieve this, we took a more holistic approach, engaging with over 50 people, including
multiple stakeholders over six months: program director and staff members in the senior
community center, social workers, and volunteers for the activities that provided in the
senior center, family members, relatives, or religious group.

Our methodology is a qualitative ethnographic study in which the researcher directly
observes and evaluates older adults’ technological behavior in the research context [16].
We use data accumulated over six months through research methods such as focus group
discussions, in-depth interviews, observations, and a diary study using two commer-
cial products (uDraw (https://en.wikipedia.org/wiki/UDraw_GameTablet (accessed on
14 November 2010))) and GrandPad (https://www.grandpad.net/) (accessed on 1 May
2018). We conduct an inductive thematic analysis on the multiple sources of data [17].
From our analysis, five case studies have emerged that categorically describe the variety of
attitudes towards interactive technologies: (1) active towards technology, (2) passive to-
wards technology, (3) social use of technology, (4) diverse use of technology, and (5) family
oriented use of technology. Based on these cases, we present new engagement factors that
emerge from our empirical observations of older adults and their response to interactive
technology.

2. Background

In this section, we show that the focus of research on the use of technology by older
adults tends to be about the limitations of this population and the impact of the limitations
on the design and usability of the technology. In contrast, our study has a focus on
the attitudes, perceptions, and engagement of older adults with technology. We also
review the methodologies for research on interactive technologies for older adults and
recognize a need for ethnographic methods that can provide more in-depth studies of
individuals in situ rather than methods that generalize across large numbers of participants
in laboratory settings.

2.1. Current Research Focus for Older Adults’ Use of Technology

Many studies have been conducted to understand the challenges and barriers that
older adults face and the factors that affect their adapting to new technologies and their
continued use. However, there is a relatively little research exploring older adults’ initial
and long-term engagement with interactive technology.

In order to design appropriate interactive technology for older adults, understanding
aging limitations are important [18–20]. When people start aging, their physical and
cognitive abilities tend to reduce slowly and gradually end, which in turn forces them to
start developing negative attitudes towards interactive technologies [21]. Older adults may
have doubts that technological innovations are real and become nervous since they are
not confident in their ability to manage and practically adopt these innovations [22]. The
mistrust of technology may escalate to technophobia, which makes older adults less likely
to try out new technology [23–25]. Peek et al. [22] explain that technophobia is normal for
people who did not grow up in environments that are populated by digital systems and
changing mindset does not happen quickly. To support older adults, service providers,
researchers, designers, developers, and policymakers have long been working together to
better understand how older adults can achieve optimal health and wellbeing with the
benefit of technology [26].

Other studies have focused on factors that affect adoption of technology by older
adults and its continued usage. Many scholars show a lower level of innovative technology
adoption by older adults [27–30]. To make interactive technologies more acceptable, the
notions of usability [31,32], independence, convenience [33,34], devices to support physical
activity [35,36], technology training and education [37,38], the role of caregiver [39,40],
innovation (focus on developing new features) [41–43], affordability [44,45] and potential
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or continued benefit [28,29] have been explored by many scholars over the past decades.
These studies focus on technologies that are usable or adoptable and suitable for continued
use, but they typically do not focus on providing pleasurable and positive experiences to
encourage initial and long-term engagement.

Older adults’ engagement and enthusiasm are key elements in determining the suc-
cess in their use of interactive technology. By reviewing the literature, we learn that despite
the barrier to adoption being the most difficult stage, there is a lack of research for under-
standing older adults’ initial engagement. Due to age-related factors, older people often
have difficulty overcoming the initial barrier to use interactive technology [46,47]. The
significant problem in the use of technology by older adults is that even though a broad and
advanced range of tools and platforms for older adults are being developed, the number
of older adults who actively utilize the technology remain few. Therefore, our research
explores the complex phenomena of human values to understand the essential behavioral
characteristics and identify the key factors that influence the initial engagement of older
adults with technology.

2.2. Current Research Challenges for Older Adults

There are methodological and design challenges in studying older adults [48], includ-
ing recruitment, informed consent, reliable responses, communication with older adults,
and providing appropriate instruction about research. Older adults may fear that refusing
to participate in a study. The number of participants may affect the quality and validity of
the finding of the study [49]. According to Birkland [48], many researchers conduct user
studies with older adults that rely on self-report methods. Empirical studies that use a
mixed-method design are rare. The main problem of short-term surveys or interviews is
that these rely on users’ recollection and self-interpretations. Older adults tend to provide
responses to researchers that are more positive or more frequent than in reality. Results
show that older adults often assess the technology as positive, however, they fail to show
clear evidence that older adults will adopt new emerging technology into their lives [50,51].
Many studies heavily focus on testing the usability by older adults with a lab study over a
short period of time [52–54].

The vast majority of the research use age as the sampling criteria [48]. In many studies,
older adults are often considered as a homogeneous group in technology research studies
regardless of their characteristics, abilities, or technology experiences [55,56]. However,
older adults are heterogeneous, and it is difficult to generalize the characteristics of tech-
nology use due to various factors such as physical, psychological, emotional, social, and
economic situations of older adults [57]. This research explores the behavioral characteris-
tics of older adults when asked to initiate the engagement of new technology rather than
to evaluate the usability of new technology. Instead of focusing on a specific target demo-
graphic who need to supplement their physical ability, we focus on broad engagement
themes as a starting point in studying older adults’ engagement towards technology. This
study conducts an ethnographic study to understand the complex phenomena surrounding
older adults which enable researchers and designers to predict and provide the processes
to develop engaging technologies for older adults [13].

3. Methodology for Studying the Factors That Affect Older Adults’ Initial Engagement
with Technology

The methodology for this study includes choosing the technology interventions and
using a mixed methods approach that includes ethnographic observational data. We explain
the reason for choosing commercial products for the intervention. Then, we describe the
mixed methods studies specific to our research goal of identifying the factors that increase
older adults’ initial interest and their subsequent engagement with interactive technology.

3.1. Technological Intervention

Initially, we conducted a pilot study with five senior residents living in a retirement
community to learn about the factors that may stimulate their interest in the use of tech-
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nology [58,59]. The main topic of the discussion was about activities that interest older
adults and how to spend leisure time. We found that many older adults enjoy being
creative, playing games, and being social. With the results, we decided to focus on two
user experiences using interactive technology: (1) social creative expression in public space,
and (2) emotional attachment in a private setting.

When selecting the interactive technology for the longitudinal study reported in this
paper, we chose two commercial products as the context in which we observed and collected
data so that we could reduce the issues related to poor usability that occur in technologies
developed by research students. The uDraw Game Tablet is an embodied interactive
technology that facilitates creative social expression by allowing users to create free form
drawings, artwork, and games. GrandPad is a communication technology that enables
older adults to easily communicate with their loved ones. In the context of a longitudinal
study, older adults may lose interest quickly if they experience difficulty in understanding
how to use the system. We wanted to avoid disinterest due to using a prototype system that
might have unexpected usability issues or is an unstable implementation. If the purpose of
this study was to propose a new practical solution to older adults with a specific problem
through technology, the user-related study would have been carried out using technology
designed on our own. However, since this research is not intended to evaluate the feasibility
of technology or focus on technological solutions but to observe cases in which older adults
are engaged when experiencing technology, commercial products were used.

3.2. Mixed Methods Studies

Our methodology includes participant observation, augmented by a range of other
approaches: the use of focus groups, semi-structured interviews, participant diaries. Our
findings are based on interacting with older adults in the context of previous research and
the accumulated experience of the researcher.

3.2.1. uDraw Study of Initial Engagement in a Community Center
Observation (with Facilitator)

Participant observation is a central data collection method in the uDraw study. We
collected data at a shared community room at a senior residence. The researcher visited
the site for three hours each visit, three times a week, over three months. We recorded
the activities, participant attitudes or behaviors, and noted relevant details. To observe
senior residents effectively, we operated a help desk to engage in participant observation to
gain insight into the culture of the community of older adults. Significant time and effort
were given to open-ended conversations with residents. We offered training in the uDraw
system and provided personal help for older adults to learn mobile apps, web search, and
other appliances that tailor to their interests. Although there were about 40 residents in
the community we observed, we used the data from 19 residents that were most involved
in the technology interventions and help desk support activities. Of the 19 residents,
11 experienced the uDraw system with the help of researchers; 8 residents made use of the
help desk (7 males and 1 female); 3 out of the 8 visited the help desk repeatedly with the
main purpose to learn mobile apps.

Video recorded data is used to observe the natural behavior around the system when a
facilitator is not located. The uDraw system was constantly running in a shared community
room throughout the three month research period. Residents were free to try and use the
uDraw system. Two video recording devices (Google Nest Cam) were located near the
screen to capture the study area. One was directed toward the user and the tablet, to record
all behaviors occurring when the system was used, while the other was toward the public
large display, to record social behaviors around the system. The motion activated cameras
would turn on and start recording when they detected motion. This study was approved
by the Institutional Review Board (IRB) to collect data from people who walked down the
hall or past the interaction area but who had no intention of interacting. We collected video
data over 92 days. We segmented this data so we could identify data referring directly to
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the usability of the uDraw system, referring to content about hobbies or interests of older
adults, or referring to technology-related matters. This particular situation was separately
extracted, and the issues were noted and discussed. Most residents watched TV while
knitting, using a coffee machine, or using a copy machine, with 21 residents showing a
repeating pattern. Of the residents, 12 appeared to be interested in activities provided by
the community center and in using digital devices provided by volunteers. In the case of
the uDraw system we provided, only one person was observed using the uDraw system
voluntarily, and the number of times this individual used the uDraw system without the
help of a researcher was 9 times.

We conducted in-person semi-structured interviews to understand general attitudes
towards interactive technology with regard to 8 factors (positive affect, comfort, feel
involved, perceived benefits and usefulness, controllability, help, discoverability and
learnability, and persistence) as shown in Table 1. We interviewed 4 residents, and they
also participated in the focus group discussions. All interviews were audio recorded and
transcribed with the participants’ consent. While participant observation gives information
on the action and behavior of older adults in the context of interactive technologies,
interviews provide us with data on how people directly reflect on their own behavior,
circumstances, identities, and events.

Table 1. Interview Questions used for qualitative study.

Interview Questions

Positive Affect: Can you explain how you feel while using feature X?
Comfort: Are you comfortable when using feature X?
Feel involved: How helpful do you think feature X is for your social interaction?
Perceived benefits and usefulness: How much do you think using feature X improves the quality of your life?
Control: How easily do you think you can control feature X?
Help: How much do you think you need the support to be able to use feature X?
Discoverability and Learnability: How easily do you think you understand feature X?
Persistency: How frequently do you use feature X?

The first question asked in the interview: What do you like the best about your cellphone? X in follow up questions is based on
individual’s responses.

The focus group discussions were conducted every two weeks, a total of five focus
group discussions with four residents. We let participants play the uDraw Pictionary game
before participating in the focus group discussion. This game is an art-based video game
in which players can play on a uDraw Game Tablet. In uDraw Pictionary, the players
refer to a particular subject to draw a picture. The teammates are then tasked with the
challenge of guessing the words each image is supposed to portray. After one hour of
play, we discussed the same 8 factors as the interview prompts used in the pre-interview
questions (slightly modified) to gain insights about older adults’ engagement in the use of
the given system. The focus group was audio recorded and transcribed.

3.2.2. GrandPad Study of Initial Engagement in a Family Setting

The diary study is a central data collection method of the GrandPad study with a
total of 3 older adults and family members. In this study, the older adults received one
GrandPad tablet for three months. Family members could connect to GrandPad’s private
family network via iPhone, Android phone, or desktop computer. They could manage the
functions for older adults from the convenient companion app. The researcher purchased
and created an account on the GrandPad app with a monthly subscription including the
convenience of unlimited data. We gathered data from the usage log. The researcher
collected usage records every day. Since the fact of recording their usage may affect their
behavior; it was not mentioned to the older adults. We also gathered data from diary
studies submitted by the family member for each older adult with approval from our
institution’s IRB. There are a lot of limitations in conducting a diary study with older adults.
Older adults feel writing a diary is an extra burden, so the likelihood of a negative impact
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on the use of a GrandPad device cannot be excluded. For this reason, the diary study was
conducted with family members. Using mobile diary studies software, the participant
wrote a diary about older adults’ GrandPad usage through a smartphone. One or two
younger family members who are in the closest relationship with older adults played a
role in sending a prompt to encourage older adults to use the GrandPad. The researcher
sent journal prompts to family members through text or email at 9 am every day, however
younger family members could create their prompts as well. The prompts were created in
a way to encourage older adults to actively use the GrandPad App. These prompts were
used for seniors to inspire them to be creative, share significant memories, and keep their
minds healthy and active.

There was a significant difference in the frequency of GrandPad use of the three
families. The first user was given the first GrandPad on 7 November 2019, and used it
until 22 January 2020, and 73 diary entries were recorded, and the total usage time was
141 h. The second family started using it on 8 November 2019, but the last recorded date
of using the GrandPad was 20 November, with the device only being used 12 times. The
total usage time was 3 h, with 6 diary entries being recorded. The last family used it from
11 November to 5 January, and there were a total of 44 data entries, with a total usage time
of 43 h.

We conducted in-person interviews with the GrandPad participants to understand
general attitudes towards communication technology. We used the same interview ques-
tions as the uDraw study.

3.3. Analysis

During the research period, we immersed ourselves in the senior community and
spent time talking directly with the participants and observing their lives and attitudes
towards technology. We conducted an inductive thematic analysis [17]. This qualitative
analysis focused on: (1) categorizing older adults to present the diverse attitudes towards
interactive technologies; (2) identification of the factors of initial engagement in the use of
interactive technologies. We focus on finding situations wherein older adults show emo-
tionally positive affect related to use or discussion about interactive technology and finding
situations where older adults become active and motivated by a desire to physically try to
use technology. Two researchers met weekly to discuss the collected data of all activities,
reflecting and iterating over the themes that lead our discussions, until a consensus was
found. With the written field notes, video data analysis, direct observations, diary written
by participants, and qualitative data, we extracted 5 case studies and 9 initial engagement
values. Below, we present the results of the analysis, organized by themes.

4. Five Case Studies That Emerge from Empirical Observations of Initial Engagement
with Technology

A total of 36 subjects are classified into five categories: positive about technology,
negative about technology, social use of technology, diverse use of technology, and family
oriented use of technology. By observing each participant over three months (the length of
observation varies depending on participants, approximately from 10 days to 3 months for
each participant), we consider six factors to define five case studies: family relationships,
social contacts, general attitudes towards technology, need for technology, physical and
cognitive health, and motivation.

4.1. Positive (Active) about Technology

Bob is a participant in the GrandPad study. Out of the three participants of the
GrandPad study, Bob was the only one who had no problems with trying something new
or using new functions of mobile technology. In the Diary study, Bob faithfully performed
the daily tasks given, and overall, he did not report any difficulty or inconvenience in using
the system. The three apps that Bob was most interested in and used the most were the
reading, game, and music apps of the GrandPad. Bob has maintained a positive attitude
toward the phone from the moment he first owned the mobile phone. When responding
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to his experience with technology, Bob often connected his experiences and memories
of technology with people (See quotation in Figure 1), which reminds him of positive
memories of that moment about mobile phones rather than remembering functions related
to mobile phones.

Figure 1. Case 1—Representative character to present positive attitude towards technology.

4.2. Negative (Passive) about Technology

John was also a participant in the GrandPad study. John had a negative attitude
toward using technology (See Figure 2). He was not very interested in using the GrandPad
during the research period except for the time that he explored mobile technology for his
hobbies. Out of the three participants, John’s total usage time was the lowest. He only
used the GrandPad for 12 days in the first month of the study. Further, he did not complete
the daily tasks very well, not because he faced technical difficulties but because he had
no interest in the activities. However, the apps he used the most during the study were
the magnifier app and the music app. John was relatively comfortable using the computer
because he learned how to operate it when he was in the military before his retirement.
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John often loses interests and complains about issues related to physical discomfort. For
example, the mobility of his finger has deteriorated, so that a button cannot be properly
clicked, and he found it difficult to read the screen due to poor vision. John has a very
negative attitude to mobile phones, despite being experienced in using the technology.

Figure 2. Case 2—Representative character to present negative attitude towards technology.

4.3. Family Oriented Use of Technology

Dorothy was the oldest of the participants in the GrandPad study. She was not able to
use the GrandPad on her own and constantly needed her family’s help. She is an example
case that shows how negative attitudes towards technology can be changed in a positive
direction. With the support of her family, however, Dorothy made great strides in using
the technology’s features during the study period. For her, family is an important factor in
deciding to use technology (See Figure 3).

124



IJERPH 2021, 18, 2847

Figure 3. Case 3—Representative character to present family oriented use of technology.

4.4. Social Use of Technology

Gloria is described as a representative of the social use of technology, but two more
participants named Peggie and Eva are also important in describing this case. All three
were participants of the uDraw study. They participated in all five focus group discussions
during the research period. Gloria visited the researcher at the designated time and
additionally used the uDraw system twice. The other two participants did not use the
system except during the focus group discussions and an initial training session. All three
participants were not willing to use the system on their own, and the researcher’s support
was always required. They expressed difficulty when using the uDraw tablet but followed
the researcher’s instructions well. A characteristic of those described by this case is that
they attend many activities at the community center to stay occupied (See Figure 4). In
this case, we found that older adults’ motivation for using technology was to maintain
social relationships in a community center because they have a strong desire to engage and
sustain others’ interests.
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Figure 4. Case 4—Representative character to present social use of technology.

4.5. Diverse Use of Technology

Michael was another participant in the uDraw study. He was the participant with
the highest initial interest in the uDraw system. As in the case of Gloria, Peggie, and Eva,
he also participated in five focus group discussions. In the beginning, he expressed high
interest and engagement but could not sustain his engagement for three months. In the first
month, he used the system by himself nine times. Of the four participants, Michael was
the only one who used the system without any difficulty. He skillfully used the functions
he had learned and experienced with the researcher, but he did not try new functions.
Therefore, the range of functions that could be used was limited. He often visited the help
desk and showed interests about new interactive technology such as Virtual Reality (VR), a
voice-activated speaker, and a home robot (See Figure 5).
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Figure 5. Case 5—Representative character to present diverse use of technology.

5. New Initial Engagement Values Emerging from Our Case Studies

In this section, we discuss new initial engagement values that have emerged from the
five case studies. Under each factor, we compare to values that are discussed in existing
literature as a way to support older adults’ use of technology. We establish the meaning of
each factor from the views of the participants with an understanding of their context and
behavior during the observational period.

5.1. Motivation (Desirability)
Older Adults’ Motivation Needs to Be Considered before Usability to Increase Initial
Engagement for Older Adults

Most scholars have indicated that usability is a critical issue to help older adults to
learn how to use the interactive systems independently [28,52,53]. Davis [60] identified the
ease of use for interactive technology as a significant determinant of the adoption for an
individual older adult. However, our study identified desirability should be considered
before usability for engaging older adults. Whereas usability influence user’s ability to
complete a task [61], desirability means they have a pleasurable and engaging experience
while using the system. Initial Engagement will increase when older adults have specific
reasons or motivation to use interactive technology for having fun and engaging expe-
riences. In the case of Dorothy, she does not like to use the mobile phone so usability
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was not the primary issue. When I asked about ‘What do you like best about your cell
phone?’, Dorothy could not answer for a long time. Her daughter, Angela, encouraged her
to answer.

Dorothy: “I don’t really know how to answer you, if you want to know the truth . . .
Back again to being old fashioned, I’m not modern. There are some things that I don’t
understand. I put up with it, with help. Yeah, with help. I’ve had to rely on my son to
guide me. And I don’t know if I’ll ever be much different from what I am now.”

We observed her attitude changes after we delivered the GrandPad to Dorothy and an-
alyzed her usage through a diary study. When she received the GrandPad for the first
time, the only thing she did was turn on the GrandPad and watch the photos posted
by her children and granddaughter. Dorothy’s children registered the Companion App
to continue sending photos. Her family’s efforts enabled her to appreciate the daily life
of her grandchildren. The following quotes are the feedback of a diary study from her
family members.

“Mom is still warming up to it. She looked at picture today”

Dorothy needed help on how to use all the features except the ability to turn off the screen
by herself. Five days after using GrandPad, she was able to send a text and picture through
GrandPad with the help of Angela.

“Mom sent her brother a text/email this morning thanking him for the pictures that
he sent her. Even though it was just 1 sentence, it overwhelmed her, but we will get
her there.”

Sixteen days later (Nov, 28), we could see that Dorothy has finally figured out how to send
a photo by herself. Then one day after (Nov, 29), we could get a response that she actually
enjoys the GrandPad.

“Mom did a good job posting a photo of the Thanksgiving dinner that my sister is
preparing. She seems to be enjoying GrandPad”

Dorothy, who has no interest in using technology and feels that it’s not a necessity in her
life, comes to realize that it is possible to listen to any song she wants through technology a
few days after using GrandPad. This case shows that Dorothy’s attention to her family’s
photos using GrandPad leads to her motivation to learn how to listen to music on the
Grandpad app. In the beginning of the Grandpad intervention, Dorothy could not use the
app for a long time because it made her feel tired, but eventually she became motivated by
family and then she was delighted to learn new features.

“Mom just sent me an email informing me that Choo Choo Ch’ boogie by Louis Jordan is
the song that she listened to today.”

This case shows that desirability should be given priority over designing technology rather
than usability in the early phase of the design. Dorothy was engaged to listen to music and
therefore was able to focus on the usability of the technology. This encouraged her to learn
to use other features like games and puzzles.

5.2. Social
Creating the Opportunity to Build Social Relationships with a Technology Need to Be
Considered Rather Than Supporting the Ability to Being Alone for Older Adults

As people begin to grow older, older adults become passive to participate in activities
that are critical for their wellbeing [62]. Interactive technologies such as “aging in place”
and “assisted technologies” assist with such activities or support older adults who are
deficient and in need of assistance to execute them to promote their independence [39,63,64].
These technologies are expected to be used mainly in situations where older adults are
alone. However, our study shows that Initial Engagement will increase when there is more
opportunity to build a social relationship while using interactive technology.
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We learn through the case of Gloria, Peggie, and Eva, how social relationships posi-
tively influence their interest in technology. Older adults show a preference for emotionally
meaningful and positive relationships with others in the senior community [65,66]. Gloria
enjoys investing in personal effort in keeping up her social relationships. We were able to
see how socially active older individuals are changing the community. Gloria is a central
part of social activities in the community. She constantly invites and encourages other
residents to participate in activities provided by the community center. Looking at how
Peggie and Eva participated in the focus group discussion, Gloria’s prior experience had
a positive impact on their persuasion and eventually played together. Initially, Peggie’s
social activities are heavily influenced by Gloria. Gloria always takes care of Peggie, who is
not interested, and tries to socialize together. Peggie had a very negative attitude towards
the uDraw system at the beginning.

“I am so tired, you know that this is my nap time. Can I go back and take a nap?”

We were able to see her gradually growing through Gloria and gradually enjoying using the
uDraw system. Older adults typically learn from their relationships about new products
and activities, which may influence the perceived benefit of new technology. Playing
games together is a meaningful social activity for them. Peggie frequently mentions how
positively her best friend Gloria affects her life during an interview.

“I like to spend time with my girl (Gloria), If I’m feeling down and out, I just come here
and meet my best friend Gloria who’s going to make me smile, or laugh, or whatever. I
bet we’d make each other happy. Yeah, we communicate really well.”

Our study points out that social value is important in encouraging older people to use
technology. The benefits of engaging in using technology do not only include the learning
of technology but also the engagement into a small group class, which can become an
integral part of the social contexts of older adults.

5.3. Familiarity
Keeping a Familiar Lifestyle for Older Adults Instead of Forcing Older Adults to Use
Technology for Convenience

Older adults are likely to adopt interactive technology to maintain their independence
and convenience at the end of life. That is, they do not exclusively rely on caregivers to
do all their activities of daily living (ADLs) [33,34] and live more conveniently at their
homes [67]. In this study, we found that older adults are reluctant to change their daily
routines or old habits to pursue convenience by using technology. Older people can be
engaged more and can adopt technology into their lives when technology is integrated into
their lives without interfering with older adults’ basic routines. For example, Eva, Peggie,
and Gloria use flip phones. Gloria shares information with her friends in a face-to-face
manner rather than using technology. When being reminded about the upcoming events at
the community center, they prefer to use the old-fashioned way.

“Ok, can you write the day and time on the paper for me? I will mark it on the calendar
when I go home.”

From Eva’s quotation, we can see that she does not use technology unconditionally because
convenience is enhanced by using technology. Eva has mentioned once that she recognizes
that using a calendar app can effectively manage schedules, but it is her old habit to write
appointment dates on physical calendars. The participants did not feel the need to learn
to use technology until they broke the way they’d been using it. Eva mentioned during
the focus group discussion that she never forgets taking medication or an appointment
at the hospital. In this case, Eva will not purchase a smartphone to use the reminder app.
She will also not ask someone to download the app or spend time learning how to use it.
Rather, it is more important for Eva to develop the ability to explore the technology without
fear by familiarizing herself with the existing functions of her current mobile phone so
that she can use them to her benefit. Therefore, we need to consider ways to help older
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adults become familiar with the technologies that are widely and easily found near their
living environments.

5.4. Cognitive Activity
Providing the Opportunity for Cognitive Activities with Technology Rather Than
Physical Activity

Staying physically active is important for older adults to use technology [3]. Many
research and innovation in technology development for older adults specifically focused
on health-related technology [68,69]. There are many ways in which ubiquitous and mobile
technology can motivate people of all ages to be more physically active [35,36]. We found
that older adults who participated in our study are more proactive when faced with
cognitive challenges. They lose interest when they realize that they will not be able to
overcome their physical issues.

We introduced two kinds of Wii games to our research participants. Wii play games
require the use of physical ability, and Wii brain games require the use of the mental ability.
In order to play Wii Play, older adults need to move fast. For example, while playing a table
tennis game, Eva cannot keep up with the speed of the game because his body movement
is slow. Additionally, although it is much more advantageous to stand and play the game
than to sit on a chair, she feels a burden on standing for a long time. She has a very difficult
time maintaining a normal rally in the table tennis game due to physical limitations. In this
case, we can observe that she loses her confidence quickly and is reluctant to try other mini
games. However, when playing the Wii Brain game, we can observe the changed attitude
of Eva. If the time limit does not solve the assigned problem, she expresses the desire to
challenge again. Besides, after the focus group was over and all discussion sessions were
over, Eva remained for 30 min to continue playing. We found out participants are more
engaged in playing cognitive games. The following is Eva’s reaction after playing Wii Play.

“You have to practice like anything else. We can do it if we practice. it’s good, it’s
interesting, but sorry baby, this game is not for me”

However, Participants in the Focus group responded much more positively to the Wii
Brain game. We learned that our participants are more likely to do cognitive activity than
physical activity.

Michael: “Mentally. Yeah. Give my brain a workout. We don’t mind being challenged
because we are challenged to everybody. It’s (Wii Brain) a little more exciting than that
other one (Wii Play). It’s a fun activity, more have fun”

Through this case, we learned that we need to pay attention to how the attitudes of
the participants change passively in physical activity and actively in cognitive activity.
When performing cognitive activities, older adults show a willingness to overcome their
limitations, and they become interested because of the sense of accomplishment they feel
when they complete a task.

5.5. Peer Support
Providing Peer Interaction and in-Person Training When Introducing New Technology to
Older Adults Rather Than Organizing Professional Group Training

Generally, many researchers believe that some of the difficulties that older adults
face while using technology can be resolved to some extent through early training or
education [37,70,71]. However, older adults need constant help until the interaction is over.
Based on training experience through this study, group training unified to older adults
is not suitable. While each individual uses the same system, their desired functions are
clearly different. Providing training that satisfies an individual’s expectations may increase
the usability of technology and improve engagement.

“Once you (facilitator) leave with that, I’m not going to think about that anymore. That’s
it. I’m going to learn this time, and the next time you come back, I’m going to know how
to do it then”
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Additionally, most older adults do not trust new technologies. Several studies have
concluded that the mistrust is due to the lack of previous experience with technologies [28,
72]. This is an additional burden on older adults. Our participants are likely to commit
their effort in learning or using the technologies [29]. In this situation, we found that peer
support is needed to deliver the right information and to improve trust about technology
to older adults. Bob mentioned that he finds himself far more comfortable when asking
for help from friends within the Pakistani immigrant group rather than seeking assistance
from their children.

“I have a friend who uses the phone more than I do, so he’s the one that actually taught
me how to use the feature to do a video phone call. Yeah. So now, like I said, there are two
groups that I’m connected with, actually there are three. So, we can video chat with each
other. However, I don’t want to bother my son, he is working at the department store. He
is really busy”

A significant external factor that caused Bob to be positive about the use of technology
was that his peer community was well developed. It also helped make his active attitudes
more positive.

5.6. Role of Grandkids
Grandkids Are More Powerful to Encourage Older Adults to Use Technology Than
Adult Kids

According to Courtney et al., [7] the family is the major determinant of whether an
older adult would adopt a technology or not [39,40]. Many studies are conducted to
reduce the burden on a family caregiver to take care of older adults [73,74]. Sometimes
caregivers recommend the use of high-performance mobile technology for older adults for
their convenience, but this can be a burden for them. Older adults feel sorry for the fact
that children should pay a high price for devices, they have to learn new features they are
not familiar with, and they have to ask for problem-solving whenever a problem arises.
We found that the greatest stimulus for older adults emotionally is the participation of
grandkids. In the case of the uDraw tablet, GrandKids are often referred to as the person
they want to play with.

“I’d actually like to bring my grandkids, one of them. To see what it would be like to have
them and we all try to draw. You can leave some messages to your grandkids?”

The commercial focus needs to change from caregiver to grandkids. It is important to con-
sider how to increase the intergenerational connection and how to increase the involvement
of grandkids.

5.7. Use of Existing Features
Think a Way to Utilize the Existing Features According to the Needs of Older Adults
Instead of Delivering New Ideas or Innovative Features

Much effort has been made to develop various innovative technologies for older
adults for maximizing their physical, psychological, and environmental wellness [75].
Technological innovations have been set up for older adults such as high-tech wearable
technology [41–43], voice-activated assistance [76,77], smart appliances, and even home
robots [21,78]. However, we found that instead of creating innovations, it is better to
integrate new features into the technology that is already in existence. In the case of John,
he uses the mobile phone almost every day for repairing his old car, using it as a magnifier
for small-size texts supported by the zoom-in function. Instead of looking for an innovative
feature, John explored a basic feature and identified a way to meet his needs.

“Like right here you got electrical, my clubhouse, I can take a look and see how the wires
go and what wires go where, so I can hook it up better. I used it for that type of thing.
Yeah, so I can read it. And it helps me when I’m working.”

Another example as shown in the case of Michael, it is more effective to specify one familiar
function more than to provide various functions of different kinds to older adults.
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“See? That’s what I am talking about. I just need a simple, simple thing. I don’t need
all of these brushes, I don’t need all of these options. Please get me a simple palette and
canvas, that’s it”

Even though there is a certain function of interactive technologies that improve the quality
of life of older adults and support their daily activities more smoothly, we should be wary
of putting older adults in the digitized context where older adults should learn something
new continuously to adopt the technology. Rather than continuing to create new functions,
it is necessary to consider in advance how to use the existing embedded functions of mobile
phones or computers that are easily accessible to older adults.

5.8. Awareness
Make Older Adults Aware of the Opportunity to Use Interactive Technologies That Can Be
Enjoyed Free of Charge, Regardless of Cost

Another factor that influences technology adoption to older adults is affordability [44,45].
For those not connected to technology, the start-up costs (both the financial costs and the
learning costs) are so unattractive as to not make the service interesting. Besides, older
adults are less aware of the importance or significance of the technologies, and they are
not willing to spend money on something they do not understand [79]. Before considering
affordable prices for older adults to adopt technology, our study shows that it is more
important to make older adults available more frequently to various technologies. In the
case of Michael, he emphasized the importance of awareness in the in-depth interviews
and focus group discussions. He said that he would like to use the system once he fully
understood when and how uDraw was available, what features of uDraw he could use,
and how he could use the system without difficulty with his abilities and experience. In
other words, he was ready to engage in something new and was interested in trying it, but
he did not know the options available to him. Older adults thus need to be fully informed
in advance before they attempt to use the system.

“I would love learning new things, but I have never had the opportunity to actually learn.”

The aging population is generally not aware of the new technologies and their utility. There-
fore, there is a critical need for older adults to be enlightened about the new technologies
that are potentially useful for their ADLs, since lack of awareness is a barrier to adoption.
Older people think technology is expensive, so they are reluctant to try technology because
they are afraid to pay for what they use. The more they do, the older they lose the chance to
experience technology. Government programs should increase the chances of older adults
accessing new innovative technologies for free in a community or senior centers. This
process raises older adults’ interest and pleasurable experience in technology and becomes
an opportunity to reduce the initial barrier to technology.

5.9. One off Benefit
Focus on One Time for Fun Instead of Providing Continued Benefit to Use
Interactive Technologies

Many studies focused on older adults have also identified usefulness as a key factor [80,81].
Studies have shown that older adults are attracted to technologies that provide utilities that
are clear and are deemed to improve their current wellbeing [28,82]. Generally, researchers
believe that regardless of the novelty of a technology or its popularity, older adults are more
likely to adopt that which they perceive to have a potential benefit or might help them attain
their desired convenience [28,75]. When designing technology for older adults, designers
and developers consider sustaining the use of technology for older adults. However,
our study shows that older adults have identified one-off usefulness or benefit as an
important value. Participants mentioned that the uDraw system is not a system to be used
continuously because our participants are not interested in drawing but are satisfied with
using the uDraw system to enjoy time with friends. The following is a quotation showing
their view of the uDraw system.
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“So it’s something not going to use for a long time, it is just going to be for one time for
fun, It’s just something that relaxes us, that we just enjoy doing together. That’s all.”

In the use of the uDraw system during the research period, our participants appreciate the
opportunity to have time for fun, relieve stress, and connect to other residents. They do
not want to use the system for a long period of time. Helping older people to have positive
feelings about technology through one-time interests can also be effective in promoting the
engagement of older adults in the use of interactive technologies.

6. Discussion

We present five case studies and identify nine factors that influence older adults’ be-
haviors and engagement with two given systems. In this section, we present a new research
direction on the topic of older adults: engagement. Then, we suggest a methodological
direction for studying older adults to understand the context of aging in a digitized world.

6.1. A New Research Direction on the Importance of Initial Engagement

We claim that initial engagement is more important than need and usability and has
different challenges for older adults based on their behavior with interactive technology.
When designing interactive technology for older adults that are passive towards technology,
consideration of the factor of initial engagements should precede the design of interactions
or evaluation of usability issues in the early phase of interaction. In this study, we see
that studying older adults’ engagement in the use of technology is limited, and often used
interchangeably with the notion of usability or user needs. Our understanding of the
notion of initial engagement and need is that they are both cognitive processes of the user,
but usability is a physical process that is more related to actual usage. Usability becomes
critical and encompasses a lot of what the user feels after they decide to use the system.
To distinguish between initial engagement and need, we need to understand what older
adults want versus what older adults need. Older adults would be more engaged in using
technology when they want rather than the technology that designers think they need.
For example, wearable technology may be a “required” system for older adults, but it
might not be the system “wanted” by older adults. Since the initial engagement is part
of user experience and helps significantly the user has a more positive experience. We
should understand that initial engagement is as important as usability and user needs.
More research is needed to distinguish the difference between initial engagement, usability
and needs. Initial engagement values that we present here are not completely new, but
these values deserve more attention when considering the older adults’ user experience of
technology. These findings serve as a focus to inspire new research directions for future
Human Computer Interaction (HCI) research.

6.2. A Methodological Direction for Studying Older Adults’s Use of Technology

In this study, we experienced difficulties in conducting research with older adults in the
context of technology. The difficulties are centered around recruiting enough participants
and gathering sufficient data to generalize the results. While laboratory based studies make
it easier to collect large amounts of data, and allow generalizations and significance testing,
we learned that gaining insights from older adults in sufficient numbers in ethnographic
studies is not reasonable or possible. Qualitative data, collected using the ethnographic
approaches we adopted in this study to understand individual behavior, produce deep
and valuable insights to understand the participants’ engagement in the use of technology.
Observing and evaluating the use of technology by older adults in an artificially created
research setting can yield results that differ from the patterns used by older adults in
real life situations. In our study we noticed that the older adults behaved differently
when they knew they were being observed (for example in the focus group sessions) and
when they were engaging with the technology on their own when the researcher was
not present. By observing older adults’ use of technology in their own community over
3 months, we were able to better understand and critically consider their responses and
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engagement with the technology interventions. This does not mean that ethnographic
qualitative approaches are the only way to collect data about engagement with interactive
technology, but more ethnographic studies are needed to comprehensively and holistically
engage with older adults.

7. Future Work

There are two distinct avenues for future research. First, as a theoretical concept, the
engagement factors can be used to measure older adults’ initial engagement and to design
engaging user experiences for older adults. We could test which factors directly affect older
adults and increase their level of engagement with technology in the behavioral patterns
of older adults, the use of technology, and cognitive aspects. Initial engagement has a
huge influence on the mindset of older adults when they encounter new technology. Initial
engagement is a phase that can be measured by time or by cognitive changes. Another
research direction is to study the transition from initial engagement to regular use as
a cognitive marker that indicates older adults have demonstrated certain behavior and
cognitive changes when initial engagement changes to long term engagement.

Second, as a practical tool, the engagement factors can be used to evaluate engagement
with specific applications. Due to the COVID-19 pandemic, older adults may be required
to use technology to receive care that is related to health and survival or communicate with
a loved one in a remote setting. One of the application areas of interest for future research
is smart home devices and smart services for older adults. Therefore, we can study the
effectiveness of initial engagement by older adults in different application domains.

8. Conclusions

Although older adults who acquire digital literacy are increasing, a significant number
of older adults are still unable to initiate technology on their own without help. Therefore,
we should not overlook the initial barrier of older adults in the use of technology, and more
research should be conducted on how to overcome the initial barrier. Through a synthesis
of past research, and a mixed method study with two technological interventions, this
study provides a focus on understanding older adults’ initial engagement that can change
older adults’ behavior toward technology from passive to active. Then, we identify the key
factors that influence the initial engagement of older adults: Desirability, Social, Familiarity,
Cognitive activity, Peer support, Role of grandkids, Use of existing features, Awareness,
and One-off benefit. In terms of the research methodology, we presented an approach for
a more comprehensive understanding of older adults when they face a new technology
in the real context rather than conducting experiments and analyzing results based on a
limited exposure and assessment focused on physical and cognitive characteristics. The
initial engagement factors contribute to both researchers and practitioners working on
the topic of older adults’ engagement, adoption and use of technology, as well as those
investigating ways to design and develop engaging technology for improving quality of
life at old age.
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Abstract: Patients’ emotional responses to the hospital environment can be considered as important
as medical technology and equipment. Therefore, this study investigated their experiences to
determine whether the pattern using hospital identity (HI) elements, a widely used design method
for patient clothing in university hospitals, can affect their emotional response and contribute to
healing. It aimed to identify whether controlling the motif characteristics, arrangement, and spacing
in this pattern design, and the direction between motifs, could be a method to design patient
clothing for healing. To investigate patients’ emotional response and suggestions for patient clothing
design, an interview-based qualitative approach was used. In-depth interviews were conducted with
12 patients discharged from Kyung Hee University Hospital Medical Center (KHUMC), Seoul. The
interview questions consisted of two parts. One part featured questions about participants’ emotional
responses to the medical environment and their latest patient clothing experience, and the other
featured questions about their emotional response to, and suggestions for, the healing expression
of pattern design using HI. The results confirmed that the motif characteristics, arrangement, and
spacing, and the direction between motifs, influenced patients’ positive emotions and contributed to
the healing effect. Therefore, when the HI elements of a medical institution are applied in the design
of patient clothing with the characteristics of a healing design, patients perceive this as providing
stability and comfort. The design of patient clothing becomes a medium that not only builds the
brand image of medical institutions, but also enhances the quality of medical services centered on
patient healing.
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1. Introduction

The current medical environment is rapidly changing with the development of ad-
vanced technology, but provider-oriented medical services are still causing unsatisfactory
results for patients. Patient satisfaction is evaluated as an important factor in the quality of
medical services [1–4]. The interior design of a medical institution, including its furniture,
ornaments, lighting, sound, color, landscape, and physical environment, including factors
such as patient clothing and the uniforms of the medical personnel, are important factors in
creating a healing atmosphere by stimulating the senses of patients and staff and creating
memorable experiences [5].

As a physical environmental factor, patient clothing facilitates treatment and helps
the healing of both mind and body [6]. Patient clothing is part of the medical environment
and influences patients’ recovery. It also has a key role in building a rapport between
patients and medical service [7]. Medical services are provided under conditions in which
the patient and their family are physically and emotionally vulnerable, a fact that should
be emphasized [8]. Healing requires the patient to recover physically and mentally, and
can be approached using various characteristics related to human emotions, such as nature-
friendliness, familiarity, stability, aesthetics, and relaxation [9]. A healing design for patient
clothing can improve comfort and help patients to adapt to the treatment environment by
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considering their sensibility and spirit. Patient clothing with a healing design can alleviate
stress, soothe negative emotions, and even play a role in helping the patient’s recovery by
eliciting comfort, pleasure, and psychological and physiological stability.

Hospital identity (HI) is reflected in the hospital’s logo, symbol, signature, and slogan,
and represents the visual image of the organization. Patient clothing reflecting HI functions
to represent the hospital’s unique identity and differentiated brand image.

As existing patient clothing is mainly manufactured according to the HI plan, the
hospitals’ position has usually received more attention than considerations regarding
patient healing. Thus, there are many cases in which the patient’s psychological situation
is not considered. This study aimed to identify a patient clothing design method that
helps patients heal by modulating the motif of the pattern design associated with the HI
factor. It investigated, through interviews, whether controlling the motif characteristics,
arrangement, and spacing, and the direction between motifs in pattern designs using HI
elements could be a method of designing patient clothing for healing.

2. Literature Review

2.1. Patient Clothing

Patient clothing originated in the 19th century when hospitals needed to improve
hygiene and arrange suitable clothing for poor patients [10]. Patient clothing is the most
important factor in maintaining a patient’s dignity and well-being and is one of the first
factors encountered during hospitalization [11]. In addition, patient clothing is a part of
the treatment environment, along with medical technology and equipment, and wearing
patient clothing becomes an active therapeutic medium in the relationship between medical
staff and patients by recognizing it as an object in the treatment process [7].

A number of earlier studies have mentioned the uncomfortable emotions that patients
feel when wearing patient clothing. These have stated that the worn-out appearance of
patient clothing affects the patient’s self-esteem [8] and causes discomfort by unintendedly
exposing body parts [12]. Unnecessary exposure of the patient’s body to medical staff
leads to a decrease in relative status, and patients feel shame because their privacy is not
guaranteed [13]. Patients experience reduced opportunities for self-expression and feel
depersonalized when wearing uniformly-shaped patient clothing [14]. Khorshid et al. [6]
reported that when patients suffered stress and physical constraints during hospitalization
and the recovery phase, positive emotions about clothing were effective in improving
their healing and self-esteem. Therefore, when considered in terms of the treatment
process, patient clothing is required not only to have a physical function for convenience of
treatment, but also to influence the patient’s emotions by the quality of its design. Hospitals
with a corporate system nowadays differentiate their brand value from their competitors by
expressing the hospital’s identity in the design of patient clothing. The design of hospital
patient clothing in Korea reflects brand identity and image by utilizing logos and symbolic
marks. Figure 1 shows hospital clothing designed with the hospital’s logo and mark in a
striped pattern, and Figure 2 shows clothing designed with a block repeat pattern. This
was composed of an ordered image in which signatures and logos of the same size were
arranged in repeating patterns. This seems to be related to the intention of most hospitals
to promote favorable images such as trust, quality, and reputation. However, even if
patient clothing reflecting HI can help differentiate hospitals at the point of contact with
the customer, considering that the final goal of the relationship between the hospital and
the patient is the patient’s healing, a design plan that can offer physical and psychological
comfort should be developed.

When designing patient clothing, an emotional approach is possible through the
visual image of the clothing and its design elements [15]. In addition, a style that changes
the angle or arrangement of logos or logos related to the hospital’s visual identity can
increase the awareness of movement and promote visual engagement by customers [15].
Moreover, the motif’s line, shape, and size, and the spacing between the motif and the
background determine the feeling when looking at the pattern [16]. In other words, it is
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possible to provide a quality service with a design that considers the patient’s sensibilities
and psychological state by changing the angle or interval of the pattern repeats while
maintaining the same core design elements of HI. Patient clothing design can be promoted
as a service that improves the psychological well-being of the patient while adding quality
through design that considers the patient’s sensibilities and dignity as well as the basic
function of ease of treatment.

 
Figure 1. Striped pattern for patient clothing.

 
Figure 2. Block repeat pattern for patient clothing.

2.2. Healing Design Approach

Healing is a lively process that involves regaining physical and mental integrity,
recovery, and rehabilitation. Healing takes place at several levels of the human system,
including the mental, physical, emotional, and spiritual [17]. The care environment has
the potential to reinforce an individual’s inner strength, and a visually comfortable care
environment has a positive effect on recovery after surgery [8,18]. The concept of healing
design as a means of treatment is related to solving the patient’s psychological and physical
needs and improving the patient satisfaction [19]. The environment has the potential to
reinforce an individual’s inner strength and aid in healing by facilitating or enhancing
the patient’s behavior [17,20]. Many previous studies have mentioned that it is helpful to
introduce a healing environment into physical design.

Healing design includes many aspects that positively influence people to achieve
healing goals. It is mainly used in medical facilities, such as hospitals, sanatoriums, healing
spas, and retiree homes, for a positive impact on mental and physical health. In the design
of patient clothing, research is needed to consider the interconnection between the physical
and mental factors that prioritize healing.

On investigating the literature on design approaches for healing roles, Harris et al. [5]
reported that the physical environment has an important role in the hospital experience
and causes hospitals to function as healing spaces, thus influencing patient satisfaction.
In terms of interior design, comfortable and functional equipment and furniture provide
home-like comfort, and aesthetically pleasing decoration, art, and a spacious layout to
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accommodate visitors were factors that increased the patient’s satisfaction with the hospital.
In addition, exposure to nature is said to combat mental fatigue and aid healing.

Timmermann et al. [21] found that positive sensory impressions in the hospital envi-
ronment significantly affected mood and were largely obtained from maintaining patient
identity and positive thoughts and emotions. In addition, they found that from the view-
point of healing, natural and aesthetic decoration helps to maintain the patient’s identity,
and that patients who can see pleasant, scenic views of nature through their hospital
window develop positive thoughts and emotions.

Schreuder et al. [22] mentioned spatial comfort, privacy, and safety among the im-
portant design elements for a healing environment. The spatial comfort of the patient
relates to the personalization of space, an aesthetic interior design, and the access to nature;
moreover, privacy, and safety affect the patient’s well-being. Riisbøl et al. [23] studied a
design method that provides healing architecture for patients, their relatives, and nurses.
Sensory impressions are induced in patients through the atmosphere of the visit, the view
of natural surroundings, and the provision of privacy. The aesthetics experienced in the
wall decoration and the room color, as well as the atmosphere, influenced the experience of
well-being and the quality of treatment; the resulting comfort gave patients a home-like
familiarity and reduced the stress generated in the clinical hospital environment. Privacy
is related to space, and the healing effect may improve on separating the space with a
partition or curtain between patients.

Based on these studies, we explored theories related to “nature experience,” “com-
fort,” “aesthetics,” and “relaxation” as elements for healing design. Figure 3 shows the
design expression characteristics and the design methods that influence healing, which we
identified through a review of the literature on the following four characteristics.

Figure 3. Summary of the design expression characteristics that influence healing through literature
review studies.
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2.2.1. Nature Experience

Contact with nature can benefit personal health, and patients tend to experience
recovery by looking at the natural environment [18,24–26]. For patients, experiences of
nature can influence healing by reducing anxiety, anger, or negative emotions and inducing
positive emotions. Numerous previous investigations have shown that exposing patients
to nature has a positive effect on pain relief and healing, and that a brief look at nature
can lead to a quick and meaningful recovery from stress [27]. In a study of patients
recovering from appendectomy by Park and Mattson [28], patients in hospital rooms with
plants and flowers had a significantly reduced intake of analgesics after surgery than
those in hospital rooms without plants and flowers. Blood pressure, heart rate, pain,
anxiety, and fatigue were lowered, and positive feelings and satisfaction with the hospital
room were higher. Ulrich et al. [9] confirmed that colors symbolizing nature and images
reminiscent of nature sustain or increase positive emotions such as comfort and calm and
reduce negative emotions that cause worry and stress. Totaforti [29] stated that plants
(especially roses), natural ventilation, natural light, and environmental design that can
contact nature improves the work efficiency and organizational ability of hospital workers
as well as the well-being of patients. Cliff Goldman and Louise Russell attempted to
combine textile design with a healing environment, and developed a “healing fabric”
arranged in a repeating pattern using life-size images of healing plants such as eucalyptus,
silver dollar plant, bamboo, and jasmine [30].

2.2.2. Comfort

Patients are likely to experience anxiety and feel vulnerable during hospital stays due
to the unfamiliar sensations associated with the medical environment, which is mainly
white color [23]. In addition, lack of visual or auditory privacy can cause discomfort [22]. In
particular, patient clothes are often designed for medical treatment purposes and are in the
form of pajamas or a gown for ease of treatment, which can cause anxiety about exposure
if worn without underwear. For the safety of patients, patient clothing design must
proper ease of access to enable comfortable treatment, but must also create a psychological
environment that allows the patient to feel cared for and provides emotional comfort [6].
Color is an important design element and has a strong relationship with emotions [31].
Green, reminiscent of plants, and blue, reminiscent of the sky and water, are quiet and
positive, and they encourage stability [32]. Emotional stability can be achieved by providing
familiarity and comfortable environmental design. A study on the design of nursing homes
found that elderly people preferred a retro-style flower design, which was able to bring
memories of home and offered familiarity and comfort [33]. The design of patient clothing
requires the development of patterns and the use of colors that can enhance psychological
comfort, along with clothing design that avoids physical discomfort.

2.2.3. Aesthetics

An attractive environment has the ability to distract attention and help patients recover
from mental fatigue. The patient’s satisfaction with the hospital increases when the space
they are in is aesthetically pleasing and comfortable [34]. An art-rich environment can be
seen as therapeutic, providing a means to alleviate physical discomfort, emotional pain,
and mental crises. Using art as a healing tool can improve the outcome and quality of
treatment, and art plays an important role in rapid recovery [25]. The design of the elements
comprising the physical environment that result in sensory stimulation, such as buildings,
equipment, furniture, signboards, colors, art, landscapes, and clothing, is perceived to
indicate a hospital’s quality of care and can positively influence patient healing [35]. Since
patients experience the patient clothing design directly, the aesthetics that can inspire
positive emotions in them, such as images representing optimism, vitality, and humor,
should be considered to improve the healing system [36]. Feodoroff, a designer who
developed a functional patient suit “Original Healing Threads” for women with cancer,
emphasized the importance of design considering the aesthetic sensitivity of patients by
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commenting that when you feel like you look good, you will get better [37]. For patient
clothing designs, aesthetics should be addressed as a different concept from that of general
fashion. Above all, patient clothing should be designed to help heal by adjusting design
elements by reflecting the emotions and tastes of patients.

2.2.4. Relaxation

Lau et al. found that viewing an open space would clear the minds of users who
want to relax, arouse positive attitudes, and relieve tense nerves [38]. The white space
in advertising design leads users to interact with the design in a relaxed emotional state,
increasing their favorable perceptions about product quality and reliability [39]. Relaxation
is not only related to the comfortable fit of the patient clothing design, but also to the
healing effect since it allows the patient to experience the emotion of comfort in the white
space constituting the pattern design.

3. Methodology

3.1. Design and Interview Participants

The study was designed to explore user suggestions for patient clothing design using
a qualitative approach that involved conducting individual in-depth interviews. Before
recruiting participants, approval was obtained from the administrative department of
KHUMC, Seoul. The target group of study participants was cured patients of KHUMC
who had completed the discharge procedure. Potential participants and their families were
informed about the purpose of the study and the interview method to be used. Subse-
quently, 12 participants voluntarily agreed to participate in the study. Their interviews
were conducted from 1–30 December 2020.

3.2. Procedure

The stimulus was based on the patient clothing currently used by KHUMC (Table 1),
which was designed by this research team with the support of the KHUMC Fund. To
examine whether the current patient clothing pattern design using HI elements embodies
the characteristics of the healing theory effectively, and to explore user opinions on what
they would consider an improved healing design, the healing design was based on the
shape and color of the current patient clothing. Six stimuli related to four characteristics
were added.

Semi-structured questions were used in the interviews. Each interview lasted about
30–40 min. The interview questions consisted of two parts. One part had open-ended
questions to explore the participants’ emotional response to the medical environment and
to the current patient clothing experience. The other part had questions on the participant’s
emotional response to, personal preference for, and suggestions regarding the healing
expression of pattern design using HI; the stimulus was used along with the questions.
The two-part questions were built around the keywords related to design expression
characteristics that influence healing shown in Figure 3.

Figure 4 summarizes the questions used to elicit patients’ feelings about the cur-
rent medical environment and their clothing experience. The keywords in Figure 4 were
alternately referred to as additional questions to facilitate the participant’s answers dur-
ing the interview process and to more accurately identify the emotions associated with
healing characteristics.

The interview about the users’ emotional response, personal preference, and sug-
gestions for the healing characteristics of pattern design using HI were conducted by
presenting a stimulus. During each interview, a tablet, which had a photograph of the
current patient clothing, and a printed photograph of the patient clothing with manipulated
patterns to reflect various healing characteristics, were used.
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Table 1. Current patient clothing.

Textile Design Outfit

Healing expression characteristics: A character mark symbolizing a magnolia flower, which is an
element of HI, was introduced as a motif, and among the colors constituting the character mark,
blue and green, noted to be related to psychological stability, were adopted as the colors of healing.
HI: The hospital’s character mark and signature were used as the motif for the pattern design.
Protection of patient privacy: The neckline depth was 1.5 cm higher than that of existing patient
clothing to reduce exposure during bowing the upper body. The existing patient clothing has a
deep neckline for convenience when using medical devices such as stethoscopes. To reduce
exposure from the gaps between the buttons, the overlapping part of the front fastening was
made wider than that of the existing patient clothing.
Activity and sustainability: To better consider the patient’s activity and comfort levels, the width
between the shoulders was greater than that of the existing clothing and the height of the sleeves
was lowered. This was taken from the flat pattern of Hanbok, and affects the order of sewing in
mass production, improving economic efficiency and sustainability.
Hygiene management: A white background was chosen to easily deal with contamination.

 
Figure 4. Questions used to elicit patients’ feeling about the current medical environment.

Figure 5 shows the process used to elicit answers from the interviewees regarding their
emotional response to pattern design using HI. The following are the four design directions
used as a stimulus. Questions about plant motifs relate to the nature experience design
direction. This design direction was based on the findings in the literature that images
reminiscent of nature maintain or increase positive emotions and influence healing [9].
An image using only the pattern representing the hospital’s brand identity was used, and
tree trunks and leaves were added to create a stimulus that realistically expresses the
nature image.
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Figure 5. The question-extraction process for the patient’s emotional response to pattern design
using HI.

Regarding the second research direction, comfort, studies have shown that a familiar
and comfortable design improves emotional stability [23]. While the all-over arrangement
of patterned motifs is related to comfort, directional arrangements in which the motifs are
repeatedly arranged along the length of the garment or in parallel have significant and
influential psychological effects [15]. Additional stimuli were created with a striped repeat
pattern and a block repeat pattern for comparison with the current patient clothing.

The third design direction is aesthetics. Designs that aesthetically apply humor or
vitality can improve healing by creating positive emotions in the patient [36]. In pattern
design, the angle at which a motif is placed can affect the patient’s psychological vitality.
We added the stimulus of the all-over pattern placed at 12 angles to compare its effect with
those of the current patient clothing in the pattern placed at 8 angles.

The fourth design direction is relaxation. The white space in a design stimulates
patients’ sense of leisure, helping to calm the mind. Designs with wide margins around
the motif can lead to a positive evaluation and image improvement [38]. To compare the
differences between narrowly spaced pattern motifs and wider spaced motifs, we added
three images with different margins, as stimuli.

4. Result

A total of 12 adults participated in the interviews, among whom 10 were working age,
and two were aged 65 years or above. The male to female ratio was 2:10. Interviewees
were assigned alphabets as initials to ensure anonymity.

4.1. Experiences and Opinions in the Medical Environment

A number of prior studies have emphasized the healing environment by mention-
ing patients’ hopes for healing when hospitalized and their anxiety about an unfamiliar
environment. In this study, most patients felt relief, expectation, and hope for healing as
soon as they were hospitalized, and at the same time, there was fear or discomfort in the
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unfamiliar environment of the hospital. Most interview participants mentioned their hopes
for healing and positive feelings.

“I’m relieved that the medical staff is taking care of me closely, but I’m nervous
about the treatment. The treatment process could be painful, and it was unfamil-
iar because it wasn’t home. But seeing the tidy room made me feel stable . . . ”
(Interview Participant D)

Interview participants seemed to be trying to accept their anxiety about their disease
and unfamiliar and uncomfortable feelings about the new environment with trust in
the treatment staff, and they felt a sense of stability in a ward arranged as a healing
environment.

In response to the question about their emotions when they first put on the patient
clothing, most of the participants answered that they felt comfortable, clean, and com-
fortable to work. In contrast, one respondent answered that they were worried about the
deprivation of their social status, while another worried about exposure when wearing
patient clothes, but most of the interviewees mentioned the feeling of being cared for.

“The patient clothing was comfortable, clean, and pleasant, but it looked cheap.”
(Interview Participant A)

“When I wear patient clothing, I felt a little deprived of my self-esteem because my
job doesn’t appear anyway. But I felt more cared for.” (Interview Participant K)

Most of the interview participants commented that the first feeling associated with
wearing the patient clothing was that of being treated and that it was comfortable, and a
clean and pleasant feeling was mentioned next. They were provided with fresh patient
clothes on a regular basis and they could be replaced at any time in case of contamination.

Studies have identified that the problems with using conventional patient clothing
are that it induces a feeling that their social status has reduced, anxiety about physical
exposure, and negative emotions, such as shame, in patients. This was associated with
negative feelings that privacy was not guaranteed. Most of the 12 interview participants
were satisfied with the shape and structure of the patient clothing. However, there were a
few interview participants who mentioned size-related discomfort, which was related to
the length of the sleeves and pants.

“When wearing patient clothing, it’s comfortable, but the ankles are exposed
because the sleeves are short and the pants are short.” (Interview Participant I)

In terms of shape, interview participants expressed satisfaction with the current
clothing regarding their concerns about exposure and comfort, in particular for arm activity.
This seems to have been improved by taking into account patient dissatisfaction through
theoretical research.

In theoretical research, color is an important aspect of patient clothing because it
can access the emotions, and certain colors influence common emotions. Most of the
participants expressed the opinion that they felt clean and hygienic in clothing with a white
background color. Some of the participants talked about the fact that any contamination
was easily visible because of the white background, but this was different from the negative
emotion provoked as a result of the contamination.

“Because the background color is white, contamination is easy to see. If there is
still contamination, then you can replace it and wear clean clothes immediately.”
(Interview Participant C)

Most of the interview participants expressed positive opinions that the background
color was white, and none of the participants mentioned that the clothes looked worn
because of the color. As mentioned in previous studies, there were also opinions mentioning
that white clothing looks cold. The blue and green colors used in the pattern motif are
colors brought from the character mark representing the hospital’s brand identity, and are
reminiscent of natural images. During the interview, the most common opinions about
these colors were about the clean and fresh feeling they were associated with.
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“It’s clean and fresh. That’s why it seems to be the color used a lot in patient
clothing.” (Interview Participant I)

Interviewees K, J, and F mentioned emotions they felt in response to the colors.

“The colors of the pattern feel calm and gentle, and there are positive and hopeful
feelings. It feels unfamiliar, but it also feels warm. The color saturation feels
refined and luxurious.” (Interview Participant K)

There were some participants who mentioned aesthetics as an expression of refinement
and luxury as an expression of aesthetics.

“The color scheme is fresh.” (Interview Participant J)

“I think the color scheme is tacky.” (Interview Participant F)

Various opinions were expressed regarding the color scheme, but colors are most often
encountered by the general public, and it seems that positive opinions were expressed
regarding personal preferences and experiences. The color of the current patient clothing is
the color of the natural images among the HI’s character mark colors and aims to contribute
to a healing effect.

4.2. Opinions of the Healing Characteristics of the Hospital Identity Motif Design
4.2.1. Nature Experience

In theoretical research, the pattern has an effect of reminiscent of images and has a
psychological influence based on the images in the pattern. Images reminiscent of nature
sustain or increase positive emotions, which has a healing effect. Stimulus A, using only
the pattern extracted from HI, and Stimulus B, with the addition of tree trunks and leaves,
were presented as realistically expressing a nature image (Table 2). Interview Participant F,
who commented on the nature environment featured in the pattern, said that seeing the
floral design made them feel alive. Interview Participant B said that he chose Stimulus A
because he felt good when he saw both stimuli and the nature image.

Table 2. Nature experience healing characteristics: the patient clothing design stimulus.

A B

Current patient clothing: Magnolia character mark and
signature used in HI

The magnolia character mark, signature and motifs in HI. Tree
trunks and leaves symbolizing life form the pattern

“I feel that Stimulus A is more stable. When I see the nature image in Stimulus B,
it feels good, but it feels a bit distracting. It’s nice to have a lively feeling, but I
think that the patient clothing is stable.” (Interview Participant B)

Interview participants preferred Stimulus A. Among the reasons for choosing Stimulus
A, they stated that they felt familiarity, comfort, neatness, and stability when looking at
the pattern.
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“I think a neat and stable feeling makes me more comfortable.” (Interview Partic-
ipant K)

“Stimulus B has the shape of a tree trunk and leaves, so it looks lively, but it looks
a little messy and distracts, so my eyes are tired.” (Interview Participant F)

There were more reasons expressed by the interview participants to feel positive
emotions and a familiar, stable, and comfortable feeling after seeing the nature image, and
in some cases, the nature image gave them a lively and energetic feeling. The nature image
motif was not affected by whether the form representing natural objects was realistic or
metaphorical, but it positively influenced the interview participants.

Among the elements expressing HI, pattern design A using only the magnolia charac-
ter and signature was better received than pattern design B, which added a natural object
motif unrelated to HI. We presume that if used properly, this may influence the healing
effect of the clothing. As described above, the nature experience design direction may
have a healing effect by positively affecting patients’ emotions. However, the introduction
of excessive motifs hindered their emotional stability, and they perceived the image as
cluttered. KHUMC’s HI used magnolia graphics. Thus, if the HI has images of natural
objects, then designing patient clothing using HI will yield successful results.

4.2.2. Comfort

In a theoretical study, a sense of being cared for comfortably and safely was positive
for the patient [40]. Table 3 shows stimuli related to the arrangement of the pattern
motifs. When interview participants talked about their preferences for the arrangement of
the pattern motifs, the most important factor was comfort and stability. Most interview
participants preferred the all-over arrangement, and none preferred the striped pattern
often used in existing university hospitals.

Table 3. Comfort healing characteristics: patient clothing design stimulus.

A B C

Current patient clothing:
All-over arrangement Stripe arrangement Block repeat arrangement

149



IJERPH 2021, 18, 5357

“I like the all-over arrangement. It looks good and gives a sense of stability and
comfort.” (Interview Participant C)

The participant who preferred the block repeat arrangement said that the reason for
his preference was that it felt stable and comfortable because the floral pattern was more
recognizable than the block repeat arrangement.

“I like the friendly floral pattern in a block repeat arrangement, so it looks
comfortable.” (Interview Participant E)

In addition, the interview participants wanted a comfortable feeling, but tried to feel
liveliness or dynamism with comfort rather than a rigid or stagnant feeling. They said that
they felt stable and comfortable when they saw the all-over arrangement.

“The grid pattern also looks comfortable, but I like the current patient clothes
with the all-over arrangement because they don’t feel stagnant. They feel lively.”
(Interview Participant L)

There was also a negative opinion of striped arrangement, because it gave a feeling
of rigidity.

“The stripe pattern arrangement is like prison garb. The block repeat arrangement
is distracting and it makes my eyes tired. The arrangement in all directions feels
stable and my eyes are comfortable.” (Interview Participant B)

“It’s uncomfortable to arrange hard or complicated arrangements in patient
clothing.” (Interview Participant K)

Based on this, most interview participant felt stable and comfortable when wearing
the all-over pattern arrangement, and the floral motif was related to this arrangement, so
there was a preference for the block repeat arrangement.

In the case of motifs designed using HI expression elements, it is thought that healing
properties can be exhibited by applying different pattern arrangement methods accordingly.
In a previous study, as regards the arrangement method, the image of the rigid stripe and
block arrangement was mentioned as a negative image [15]; however, some interview
participants expressed the opinion that the flower motif was stable when used with the
block arrangement. It is inferred that they felt this way because this arrangement induced
in them a feeling of closeness with nature, and it was reflected as a healing characteristic.

4.2.3. Aesthetics

In previous studies, attractive patient clothing designs have been shown to give
patients confidence. We investigated whether attractive and vibrant patterns are related to
healing. Stimulus A is the all-over pattern placed at 8 angles, and Stimulus B is the all-over
pattern placed at 12 angles Interview (Table 4). participants said that although they prefer
moderate liveliness, motifs oriented in too many different directions feel more confusing
than lively.

“B has too many tilt angles, so it looks uneasy. I like A because A has a stable
angle.” (Interview Participant H).

Interview Participant J said that the angles are so different that the pattern seemed
rather complicated. Interview Participant K said that it while it was good to be all-over of
a directional pattern, but too many varied angles make them feel dizzy.

Interview participants felt positive emotions with the direction of movement when
there was some stability in the pattern direction, but distractions from too many angles
produced negative emotions. Vibrancy can be used as a healing property that enhances
patients’ self-confidence, but if it is excessive, it can reduce patients’ psychological stability.
In this part of the analysis, it was also confirmed that the excessive use of elements in the
pattern design of patients’ clothing could hinder the healing effect. To suggest a more
appropriate number of elements or a design method, a follow-up study that uses more
different cases of stimulus needs to be conducted.
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Table 4. Aesthetic healing characteristics: Patient clothing design stimulus.

A B

The current patient clothing pattern motif More various angular directions than current patient clothing

4.2.4. Relaxation

In previous studies, it was reported that blank space in an environment provides an
opportunity for the user’s emotions to intervene. In the design of clothes, it is possible to
provide a relaxed feeling for patients by adjusting the spacing of patterns. Table 5 shows
three images with different the spacing of patterns, as stimuli. The interview participants
felt a sense of relaxation with the blank spaces in the clothing, and they felt frustrated
and tense when the gap between the patterns was narrow. Half of the participants chose
the Spacing B of the pattern motif they were currently wearing, and four participants
chose Spacing C when the spacing of the pattern was wider. The reason they preferred the
spacing of the motifs of the current patient clothing is comfort.

Table 5. Relaxation healing characteristics: patient clothing design stimulus.

A B C

Narrow gap between pattern motifs Current patient clothing pattern motifs Wide space between pattern motifs
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“If the spacing of the patterns is adequate, the viewer feels relieved. If it’s narrow,
it’s frustrating.” (Interview Participant K).

“It’s stable because the pattern spacing is adequate. If it is too wide, it feels too
relaxed, and if it is dense, it is complicated.” (Interview Participant L).

If the gap between the patterns was narrow, interview participants felt frustration and
a sense of complexity, and if the gap was too wide, they felt a feeling of looseness.

The preference for a pattern design with wide spacing between the motifs was com-
mon, and this may be related to previous studies indicating that the emotions felt in
response to the blank spaces may be different for each individual. In previous studies, the
space itself felt empty, and luxury was recognized in the blank spaces.

5. Discussion

This study attempted to identify methods of designing patient clothing that can con-
tribute to patient treatment based on questions about the pattern design related to HI
elements, the motif characteristics, arrangement, and spacing, and the direction between
motifs. Through in-depth interviews, it was found that in patient clothing design, design
adjustments such as the use of the motif characteristics, arrangement, and spacing, and the
direction between motifs, influence the healing effect. This focuses on the characteristics of
healing sensibility, such as nature experience, comfort, aesthetics, and relaxation. Interest-
ingly, in the case of patient clothing design, the patient’s emotional healing is an important
factor, and appropriate adjustment of the size or quantity of the design motifs was required.
First, the healing properties of nature experience can be employed by utilizing nature
motifs such as flowers or leaves. We have confirmed that excessive use of many motifs
with different characteristics hinders healing due to the complexity of the pattern. This
finding is consistent with the theories that seeing nature induces positive emotions and
reduces stress [9], but it contradicts the theory that predicts that the more immersed in envi-
ronmental distraction that patients are, the greater is their pain reduction [41]. Second, the
in-depth interviews revealed that the interview participants gained psychological stability
through the all-over arrangement, which is consistent with the literature [15]. When using
images of natural objects or HI expression elements, the all-round arrangement conveyed a
sense of stability. The interview participants felt comfortable because the flower patterns
in this arrangement gave them a sense of familiarity. This is connected with the fact that
intimacy has an influence on comfortable emotions [33]. In addition, in the case of using
a nature object image or using an HI expression element, the block repeat arrangement
method can also provide stability via the nature property or arrangement. Third, a sense of
stability is recognized when an appropriate number of angles are used in the design of the
pattern direction. Various distracting angles create anxiety. The direction of the pattern
expresses liveliness and can increase the confidence of patients by acting as a charming
aspect of patient clothing design. Therefore, the direction of the pattern needs proper
adjustment. This study showed that although visual distraction reduces both pain and
anxiety stress [9], the degree of distraction requires appropriate adjustment and differs
between the interview participants. Fourth, the middle-width spacing of the motifs was
the most preferred among the three stimulus examples, followed by the widest space. Our
results support the assertion that blank spaces allow for a sense of relaxation and are felt as
luxuriousness or sophistication [42].

In a number of previous studies on patient clothing, shame due to exposure, poor
clothing design, and reduced social status were mentioned as negative effects. These
dissatisfaction factors were improved in the KHUMC patient clothing, but young patients
were concerned about exposure as a result of white clothing. The use of white was requested
by the medical provider to aid in hygiene management of patient clothing, but the fact that
patient clothing should be user-centered needs to be considered when designing clothing
in the future. Most of the participants felt positive about the patient clothing currently
worn. This is thought to be because the design plan was made after referring to previous
studies prior to the production of the patient clothing.
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In this study, the perspectives of 12 people with experience in patient clothing were
obtained through interview. This methodology may not be suitable for, or implemented
in, other settings. However, we have shared an important finding, that designing patient
clothing by analyzing their experiences can contribute to healing.

6. Conclusions

Most of earlier studies related to patient clothing have been conducted from the
providers’ point of view, so our understanding of users’ requirements was insufficient.
This study is meaningful in that it has gone through the process of confirming existing
theory through in-depth interviews with patients using actual patient clothing. This study
is significant in that it revealed that when designing patient clothing using HI elements,
motif characteristics, arrangement, and spacing, and the direction between motifs, must be
considered, since these positively affect patients’ healing. In the future, we will apply the
results of this study to patient clothing and develop and thoroughly review the designs in
more case studies.
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Abstract: Habitability is an essential concept for shelter planning in terms of supporting victims’ right
to life with dignity and recovering from what they suffered. The study aimed to identify problems
and needs in shelter spaces and suggest measures to improve shelter space plans by conducting a case
study in South Korea. The temporary disaster shelter in Pohang built right after the earthquake (2018)
was selected as a case subject. From the literature review, a framework consisting of four concepts
of habitability (safety, health, sociality, comfort) and four shelter zones (entry, residential, service,
special needs zone) was developed for the in-depth interviews and analysis. The field study and
in-depth interviews with victims, staff, and volunteers were conducted to collect problems and needs
regarding shelter space planning. The results showed that the entry zone needed improvements in
‘protection’, ‘prevention’, ‘sanitation’, ‘accessibility’, ‘area’, and ‘privacy’. The residential zone lacked
‘area’, ‘privacy’, and ‘indoor environmental quality’. The service zone problems were mainly seen
in the categories of ‘area’ and ‘privacy’. The special needs zone was less habitable in the categories
of ‘protection’ and ‘area’. To appropriately respond to victims’ urgent needs, the temporary shelter
planning should secure enough space beyond the legal minimum standards, provide sanitation and
indoor environmental quality management, and separate spaces by function and user type.

Keywords: temporary disaster shelter; habitability; shelter planning

1. Introduction

A 5.4 magnitude earthquake struck Pohang, South Korea in November 2017, which
led to large-scale destruction with nearly 1300 people left homeless in the wake of the
disaster. The evacuation was prolonged and people were housed in a temporary disaster
shelter prepared hastily in a gymnasium. Due to the frequent aftershocks, residents had to
stay in the temporary shelter for over two years, suffering in unhealthy conditions both in
the cold winter and the extreme heat of the summer. This led to physical illness and severe
psychological anxiety. Tents were provided for survivors to protect their privacy, but this
led to various problems such as the tents being too narrow for people to live in and they
did not block external noise.

A temporary shelter should be safe from external potential physical risk factors and
provide stability for those living there to regain their physical health and mental security [1–3].
Prior studies emphasized that the concept of habitability should be applied to temporary
disaster shelters [4–6]. Habitability means suitability as a residence, and suitability implies
the provision of a shelter, heating system, sanitary condition to prevent infection, indoor
quality (noise, smoke, drugs, etc.), and the drinking water supply. It also includes the
broader aspects such as a close association with local communities, people’s will to recover,
and consideration of various needs based on individuals’ physical and emotional states [6].
Therefore, as an essential concept for building and managing a shelter to accommodate
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those who survived a disaster, habitability should not be seen as a minimum standard
for survival but be viewed as a building a soft environment that can be respected and
dignified as a human. In this aspect, to better support the concept of habitability, temporary
shelter for disaster survivors should provide a physically and psychologically stable living
environment that considers health, safety, hygiene, and a prolonged recovery stage in
various disaster situations.

The Ministry of the Interior and Safety in South Korea issued formal guidelines [7] for
supporting survivors in temporary disaster shelters during the early stage (within 24 h),
emergency stage (3–5 days), and recovery stage (more than 5 days), depending on the
period. In the early stage, the guidelines include indoor and external facility inspections,
guidance on initiating shelter operations, and preparing plans for prolonged evacuation.
The emergency stage involves the preparation of (a) registration forms for disaster survivors
and (b) spatial zoning and arrangement according to function and needs within the shelter
environment. In the recovery stage, for better response to prolonged evacuation, the
required spaces and facilities are checked and service types and qualities expanded.

Recently, temporary shelters have seen many improvements in their operation and
management. However, specific details regarding shelter planning for a stable living
environment considering the physical and psychological health of disaster survivors have
not been fully examined and reflected in the guidelines issued in South Korea.

A temporary shelter houses people for the short term after a disaster. To provide
survivors better service and a decent quality of life, it is important to build a physically
and psychologically stable living environment. For this, one needs to view the situation
on-site and understand survivors’ direct and indirect needs. Against this background, this
study aims to identify problems and actual needs for each space within the shelter and
suggest potential measures to improve the shelter space plan for habitability. For the field
research, data were collected from the H indoor gymnasium in Pohang, where the largest
number of survivors were temporarily housed after the 2017 earthquake.

2. Literature Review

2.1. Habitability in Temporary Disaster Shelters

Habitability is an essential concept for establishing and managing temporary shelters.
It ensures they can live safely over the long term. It is a humanitarian response toward cre-
ating an environment that considers the quality of life, health, welfare, and recovery from
the crisis [3,8]. People can live a healthy life and prepare for a future disaster only by secur-
ing a safe and appropriate living space [8]. To this end, reflecting on survivors’ opinions
regarding a safe environment, comfort, adaptability, sanitation, community connections,
privacy, and functionality could help build an environment that increases a person’s will to
recover [3,4,9–11].

The concept of temporary shelters’ habitability can be confirmed through prior studies.
Um et al. [12] suggested protection, privacy, safety, psychological stability, health services
in the form of medical support, and hygiene and pollution management as crucial factors
affecting habitability. The American Red Cross [13] mentions safety, cleanliness/hygiene,
consideration toward vulnerable people, diversity, and privacy, while Bashawri et al. [5]
explains it through environmental aspects (external environment response, safety, hygiene)
and sociocultural aspects (cultural differences, security, and communication). Sphere [8]
suggests each family affected by the disaster needs to be provided with adequate space
for basic living, and that local culture and lifestyle should be considered to accommodate
the diverse needs of family members for sleeping, food preparation, and meals. The
Sphere handbook also explains that physical security, privacy, protection from the weather,
optimal lighting conditions, ventilation, heat, and comfort should be addressed to achieve
adequacy for an affordable, habitable, culturally acceptable, and accessible and usable
shelter environment. Moreover, the residential areas should be safe for cooking, toileting,
laundering, bathing, living, socializing, and recreation, ensuring victims’ privacy.
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Choi, Kim, and Kim [6] developed a shelter planning guide for temporary shelters in
South Korea. The authors classified the concept of habitability into four aspects to build a
research framework, and based on the analytic framework, 46 shelter planning guidelines
were developed after conducting literature reviews and interviews. They suggested a
framework consisting of 4 main categories (safety, health, sociality, and comfort) and
10 sub-categories (protection, prevention, sanitation, medical support, vulnerable people,
accessibility, community, area, privacy, and indoor quality) to conduct interviews and
develop guidelines. In this study, we adopted the framework as a part of an analysis
method and explanation of the concept of habitability as shown in Table 1. The category of
main and sub-concepts was borrowed, but the slight explanations were added or modified
in the description part. The adopted framework (category of habitability) was combined
with the shelter zones which were classified by the authors, and the analysis matrix with
the x and y-axis was introduced in the analysis section.

Table 1. Critical concepts of habitability in temporary shelters for disaster survivors.

Main Concept Sub-Concept Mark Description

Safety

Protection Sa1
- Protection from additional disasters
- Protection from bad weather conditions and potential danger
- Provision of a storage system for personal items

Prevention Sa2

- (Emergency) lighting system for movement
- Firefighting equipment considering the emergency type
- Evacuation routes and exits for additional disasters
- Installation of information boards on the evacuation route

Health
Sanitation He1

- Drinking water facilities
- Garbage disposal space and living area
- Sanitary facilities such as toilets and showers
- (Portable) sanitary facility considering the disabled and sex
- Hand washing table for hygiene management
- Laundry and drying space

Medical
support He2 - Medical support space

- Psychological counseling space

Sociality

Vulnerable
people So1

- Privacy for breastfeeding and childcare space
- Privacy for the children’s space
- Convenient movement
- Simplified lifts and small ramps for wheelchairs and strollers
- Information signs considering foreigners and the hearing impaired
- Accessible toilets and living areas for the vulnerable
- Evacuation space for companion animals

Accessibility So2

- Distance and travel time from the disaster area
- Parking and drop-off areas for survivors and managers
- Access to community facilities from the temporary shelter
- Move flow for wheelchair users
- Signs for temporary shelter locations and routes

Community So3
- Community space for watching TV, exchanging information, and eating
- Communication devices such as bulletin boards and broadcasting facilities

that deliver relief information
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Table 1. Cont.

Main Concept Sub-Concept Mark Description

Comfort

Area Co1

- (Minimum) area for each person considering relief supplies and disability
- (3.3 m2 per person by the law)
- Community space
- Staff managers area
- Installation of portable sanitation facilities and relief tents

Privacy Co2
- Space for individual or family unit
- Configurable dividers and tents
- Separate changing room for men/women

Indoor
quality Co3

- Proper cooling and heating system
- Ventilation to maintain good air quality
- Secure daylights
- Proper humidity management

Table 1 introduces the critical concepts of habitability which play important roles to
build a suitable shelter as a residence. The concept of “safety” involves protection from
potentially dangerous situations such as additional disasters, bad weather conditions, and
trespassers, etc., and the provision of secure storage areas. “Health” includes hygiene and
medical assistance facilities and services for survivors’ physical and psychological health.
“Sociality” refers to the connectivity of the temporary shelter to neighborhood facilities,
the absence of pedestrian obstacles, and its location and accessibility. “Comfort” refers
to personal space for privacy, minimum living area, natural/artificial lighting, heating,
ventilation, and other indoor environmental factors related to survivors’ living space.

2.2. Zoning for Temporary Disaster Shelters Focusing on Habitability

A temporary disaster shelter requires various functional space types, such as a res-
idential space for daily living, a public area for medical treatment and administrative
services, meals, and communication, and a dedicated employee space to accommodate
diverse users.

Regarding shelter zoning, The Department of Justice (DOJ) [14] included entrance
spaces (boarding/unloading, parking lots, sidewalks, entrances, corridors), living spaces
(sleeping areas, toilets, showers, public telephones, drinking fountains, dining areas), and
others (personal/family toilets, medical care room, temporary toilets). FEMA [15] classified
shelter spaces like a parking lot, space for pick-up and drop-off, waiting, registration, resi-
dence, children and family, pet, snack bar, dining, medical care, resting, staff, management,
and warehouse based on accessibility and functional support. The US Centers for Disease
Control and Prevention (CDC) [16] proposed a separate isolation area in case of an out-
break of infectious disease by emphasizing the maintenance of a sanitary environment for
sustainable living in the temporary shelter. Of particular importance is ensuring hygiene in
public areas such as entrances, dining spaces, medical care spaces, pet areas, and children’s
playrooms to prevent the spread of infection [17,18].

Based on the functional spaces mentioned above, the spaces in a temporary shelter
can be divided into four categories: entry zone, residential zone, service zone, and special
needs zone. The entry zone includes parking spaces, entrances, registration/waiting
spaces, and it should be accessible by emergency vehicles and survivors’ vehicles. People
who are unable to walk or have disabilities should be able to easily access these spaces.
Besides, since the entry zone is marked by the constant movement of people in and out,
thorough hygiene management should be planned in this zone. A hand washstand or
hand disinfection system should be installed near the entrance, and a separate independent
waiting area for people with infectious diseases should be provided. Along with the
hygiene issue, plans must be made for protecting survivors’ safety and privacy. For this,
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an access security checkpoint should be provided right in front of the entrance to screen
outsiders or reporters.

The residential zone includes the living space, toilet, shower room, laundry area,
dining and meal-preparation area, and rest area. The appropriate area per person should
be secured considering the composition of the various personnel, the number of survivors
staying in the shelter, types of family/individuals, gender, and special needs for vulnerable
people. The space layout for the residential zone should be planned to minimize noise
from the outside, passages, or public areas such as lounge, dining room, playrooms,
etc. Physical obstacles should be removed from passages to provide people a barrier-free
environment. Besides, it is important to provide a pleasant and hygienic living environment
by maintaining a proper temperature, humidity, and lighting. Hand washstands or hand
sanitizers should be placed at regular intervals.

The service zone covers the management space of employees and medical/isolation
spaces. An adequate area for employees and managers should be secured for both work
and rest. Separate entrances and paths for staff should also be considered. Medical care
and isolation spaces, accessibility, hygiene, and privacy should be considered.

The special needs zone includes rooms for children, women (pregnant/nursing moth-
ers), and pets. For convenience, rooms for children and pregnant/nursing women should
be adjacent to the toilet and hand washstand. These spaces should also ensure all practices
involving safety, hygiene, and privacy by removing barriers, managing hygienic cleaning
systems, and providing partitions. The space for pets should be planned in isolated or sep-
arate spaces away from the residential zone considering the dimensions, distance, drainage
facilities, and the species and size of the pets.

Table 2 shows the classified hierarchy of temporary shelter zones by their functions.
The shelter zones are divided into four different areas, and each zone has a public or private
character depending on the function it performs involving various stakeholders such as
victims, managers, and volunteers.

Table 2. Classification of temporary shelter zones.

Main Zone Sub-Area

Entry zone Parking area/entrance/registration area

Residential zone Living (sleeping) area/sanitary area/laundry and dry
area/meal and prep area/rest area (lounge)

Service zone Staff area/medical (isolation) area

Special needs zone Childcare area/nursing area/pet area

2.3. Research Method

The research questions for this study are: (1) How is a temporary shelter space in
South Korea organized for vulnerable people right after a disaster occurs?; (2) What are the
main problems identified for each zone in the temporary shelter regarding habitability?;
(3) What can be improved to better support the shelter space planning?

For this study, qualitative research methods were applied. We selected a temporary
shelter located in Pohang for the study and visited the place to conduct in-depth interviews
with people who lived through the disaster. The interviews were conducted twice: (1) the
first interview focused on the identification of people’s overall needs, and the shelter’s
physical environment and atmosphere; (2) the second interview collected more voices
from the field, specifically from vulnerable people. The interviews were based on the
semi-structured questionnaire which was developed from the literature review.

This study examines a temporary shelter, an indoor gymnasium, in Pohang (South
Korea) in the aftermath of the earthquake that occurred in 2017. The shelter accommodated
430 survivors at that time. In-depth interviews were conducted with survivors, volunteers,
and staff who stayed and worked in the shelter. We also examined the original floor plan
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of the gymnasium to identify how the gym’s indoor space was organized as a shelter and
how survivors responded to the indoor environment.

Data were mainly collected from the interviews due to the strict access restrictions at
the shelter. The first interview was conducted on 27 January 2018, and the second interview
was conducted on 27 March after the 4.6 magnitude aftershock on 11 February. Access to
the inside of the shelter was strictly regulated for visitors, and accordingly, articles and
broadcast materials were collected to analyze the inner space plans and environment.

In-depth interviews were conducted in the (a) first interview with 20 survivors, four
volunteers, and two managing staff who stayed in the shelter for more than a month
and (b) a second interview with 12 survivors, one volunteer, and one staff manager who
had spent more than three months in the shelter. A total of 40 people participated in the
in-depth interviews. The interviewees were discreetly approached by researchers and
selected based on the period of shelter stay, user type (survivors/volunteers/staff), and
their willingness to participate in the study. The interviewees were asked to informally
describe their experience in the shelter based on the questionnaire’s framework, and the
problematic issues regarding the environment’s space were discussed in-depth. Each
interview was recorded with the permission of the interviewee, and after the interview, the
data were transcribed and analyzed by finding concepts in meaningful words or phrases
related to the research subject.

The questionnaire for the interview consisted of 30 questions (entry zone (9), resi-
dential zone (12), service zone (3), the special needs zone (6)) as shown in Table 3. The
researchers asked people questions based on the questionnaire but allowed people to
talk freely instead of following the format of the questionnaire. The questions did not
proceed in order but varied according to the situation so that the flow of the interview was
not disturbed.

Table 3. Semi-structured questionnaire framework.

Main Zone Sub-Area Question

Entry zone

Parking area

(1) Are parking areas planned and identifiable?
(2) Is it easy to access the shelter building from the parking space?
(3) Is there a parking space for emergency vehicles and cars for vulnerable people to get
on and off near the main entrance?

Entrance

(1) Are protruding obstacles removed and the area sufficiently secured?
(2) Can the door be opened easily from the inside?
(3) Is the entrance planned to be easily identifiable?
(4) Is it wheelchair accessible?

Registration area (1) Is it located near the entrance?
(2) Is there enough space reserved for privacy protection?

Residential
zone

Living (sleeping)
area

(1) Were various personnel compositions considered?
(2) Has the minimum area per person been secured?
(3) Are temperature and lighting properly adjustable?
(4) Is natural light secured?
(5) Is a storage space for personal items provided?

Sanitary area

(1) Are toilets and showers sufficiently secured in consideration of the number of
people, sex, and vulnerable people?
(2) Regarding privacy, the toilets and showers are separated by sex, and shower curtains
are installed?

Laundry and
dry area (1) Are there separate laundry and drying spaces?

Meal and prep area
(1) Is it located in a separate place from the living space?
(2) Is a hygienic environment secured?
(3) Are there preparation spaces for meal supply and distribution?

Rest area (lounge) (1) Is it located in a place with low noise?
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Table 3. Cont.

Main Zone Sub-Area Question

Service zone
Staff area (1) Are entrances and movement flows secured separately for managers and volunteers?

Medical area (1) Is it separated from the living space for privacy protection?
(2) Has the minimum area per person been secured?

Special needs
zone

Childcare area (1) Can children access the space?
(2) Are separate spaces provided for children to play safely?

Nursing area (1) Are toilets separated by sex?
(2) Are changing rooms, nursing spaces, and childcare spaces provided?

Pet area
(1) Have other people staying in the shelter been considered?
(2) Has the area, isolation distance, and drainage facilities been secured in consideration
of the type and size of companion animals?

3. Results

3.1. Floor Plan and Physical Environment of the Shelter
3.1.1. Entry Zone

The parking area was used as a space for providing snacks, meal booths, laundry
vehicles, etc. There was insufficient parking space for disaster survivors as staff vehicles
and ambulance vehicles occupied the area. The main entrance was the only passage open
for disaster survivors after the first earthquake, but with the aftershock that occurred, the
emergency exit was opened in case of an emergency evacuation. The registration/waiting
space was located between the main entrance and the lobby; it also functioned as the
management space and as a mobile phone charging station.

3.1.2. Residential Zone

In the living (sleeping) area on the 1st and 2nd floors, tents were set up for each person
or a family. Sanitary space for toilets, showers, and changing rooms was planned on the
first floor. Survivors could also use the facilities in the nearby town office and a bath ticket
to use the public bath nearby. This showed that hygiene management was considered
important in the planning and management system with diverse options for people. The
laundry/drying space was not planned, but laundry vehicles provided laundry and drying
services. Dining/meal-preparation space comprised meal vehicles and dining booths were
planned in the parking space, but as the shelter stay continued, four dining spaces were
later reduced to one. The dining area was used as a lounge for information communication
and watching television except during mealtimes. There was no separate resting space
planned inside the temporary shelter, and accordingly, the space between tents in the living
area was used as an informal lounge.

3.1.3. Service Zone

The management space was planned in the entrance lobby at the main entrance and
was furnished with tables and chairs for registration and access confirmation. A separate
resting area was not provided for staff and volunteers. The volunteers spent most of their
time in booths located in parking spaces. Medical services were located in the pulpit area
in the hall, which was divided into a treatment space and waiting area using partitions
for privacy.

3.1.4. Special Needs Zone

There was a separate designated space for children inside the shelter for their medical
treatment and for psychological counseling for those who had been affected by the trauma
of the earthquake. No separate room was allocated for infants and toddlers, or pregnant or
nursing mothers; thus, inconveniencing them. There was also no planned pet area.
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3.2. Problems Pertaining to Habitability
3.2.1. Entry Zone

From the interviews and field study, it was identified that the parking lot was planned
mainly for service spaces such as dining booths and parking laundry vehicles. There was no
secure parking space for survivors and, therefore, poor access to the shelter. Furthermore,
garbage was treated in the parking lot, causing an odor and public sanitation problem. The
emergency exit was open only after the aftershock, but survivors were not aware of its
location, thus causing bottlenecks at the main entrance initially. The door handles were
easily contaminated by multiple users, resulting in problems such as safety and sanitation.
The doubling up of the registration/waiting space as a management space and as a mobile
phone charging station resulted in privacy issues such as leaking personal information due
to insufficient space (Table 4).

Table 4. Problems identified in the entry zone.

Category Mark Main Problems

Parking area
(En1)

e-1
Lack of parking space for survivors because of snack bars, dining booths, and laundry vehicles in the parking space

Keywords: lack of parking space for survivors

e-2
Garbage disposal in the parking lot increasing congestion, causing an odor, and thus, an unsanitary environment

Keywords: garbage disposal and odor, congestion

e-3
No separate sidewalk provided in the parking space exposing the survivors to a potential accident

Keywords: no separate sidewalk, potential car accident

Entrance
(En2)

e-4
A bottleneck at the main entrance during the evacuation after the aftershock; no signage provided for accessing the
emergency exit

Keywords: bottleneck at the main entrance, no signage for accessing emergency exit

e-5
Contamination of entrance door handles and surfaces due to the frequent use resulting in an unsanitary environment

Keywords: door contamination

e-6
Narrow entrance causing congestion when many people use it at the same time

Keywords: narrow entrance width, congestion

Registration area
(En3) e-7

Shared space arrangement with management space and a cell phone charging station in the crowded entrance lobby;
no protection of privacy during the registration process in this open space

Keywords: space sharing, privacy

This led us to understand that parking spaces must be planned to secure accessibility
for survivors. The parking lot shared space with relief services. However, if not for
everyone, it was necessary to provide parking spaces for older adults, the disabled, and
families with children. A separate garbage disposal space plan was required to maintain
cleanliness and hygiene. If the main entrance is the only access point, an emergency exit
should be considered as a sub-entrance because of safety and hygiene. A hand washstand
or hand sanitizing system should be provided at the entrance.

“After dismantling the service booth, parking for disaster survivors was allowed in the
parking space near the entrance. Before that, parking around the shelter was not allowed
for survivors, and even older adults had to walk up outside the shelter, which made it
difficult for them.” (survivor, 60s, woman).

“Since many people use the same entrance door every day, it becomes dirty and sticky. So,
sometimes I wipe it with a wet tissue to clean the handles and door surface.” (survivor,
70s, woman).

“Even when there was an emergency exit open to the public after the aftershocks, people
still flocked to the main entrance door making it more dangerous.” (survivor, 40s, man).
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3.2.2. Residential Zone

In the living space, the survivors were provided a tent for two persons, and storing
personal items securely in the tent became difficult; size options were not considered for a
family unit (more than three persons). Family members had to live apart during the shelter
stay and store personal items in public lockers located far away from the residential zone.
Some survivors continued to go back to their damaged houses to bring personal necessities
left in the house. These experiences brought up issues of privacy and protection. Besides,
the passage between tents was narrow, making it difficult for people to pass through.
People did not sleep well at night due to the noises, and these experiences were related to
the sustainable aspects of accessibility and indoor quality.

Those who lived on the 2nd floor had poor accessibility to the toilets and the mobile
phone charging stations that were on the 1st floor. Older adults were reluctant to go
toward toilets or shower rooms if the spaces were far from their living area. The careless
arrangement of sanitary spaces without considering sex, such as having a male toilet
next to women’s shower rooms or a women’s toilet next to male shower rooms made
people uncomfortable whenever they used these spaces. These revealed the need for the
rearrangement of spaces for accessibility (Table 5).

Table 5. Problems identified in the residential zone (1).

Category Mark Main Problems

Living/Sleeping area
(Re1)

r-1
Lack of storage space for personal items; storage space far from the tents exposes theft risk

Keywords: lack of storage for personal items, potential theft risk

r-2
Narrow space between tents made people uncomfortable

Keywords: a narrow passage

r-3
Potential exposure to a secondary disaster when survivors periodically return to damaged
houses to bring stuff owing to lack of storage space for necessities (clothes, toiletries, etc.)

Keywords: secondary disaster exposure, lack of storage for personal items

r-4
Uniform tent size with no consideration for family size, personal characteristics (sex, height, etc.),
and number of personal items

Keywords: same-sized tent with no flexibility

r-5
Sleep disturbance caused by excessive noise (walking, coughing, etc.) heard across narrow gaps
between tents

Keywords: narrow gaps between tents, excessive noise

r-6
Bedding becoming wet or moldy due to condensation on the floor of the tent

Keywords: wet/moldy bedding, condensation on the tent floor

r-7
Open structure in the center causing dust generated on the 1st floor to rise and affect people’s
health staying on the 2nd floor; stinging sensation in the eyes and neck

Keywords: ventilation and dust care, open space

r-8
Survivors staying on the 2nd floor have poor accessibility to mobile phone charging stations and
laundry vehicles on the 1st floor and have to use stairs

Keywords: stair use for facility access

r-9
Tent arrangement with no consideration for sex and family units, resulting in privacy issues

Keywords: no optional tent sizes and structures, privacy

r-10
Low humidity due to excessive heating during winter causing health problems such as colds
and rhinitis

Keywords: excessive heating, low humidity, health issues

r-11
Residential space on the second floor adjacent to a window leading to exposure to cold weather

Keywords: living area at the window side, exposure to cold weather
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There was no drying space planned for laundry. Personal laundry when dried outside
the tent was exposed to others, and when dried inside, increased the humidity causing an
odor. Women especially had difficulty finding proper drying space for their underwear.
This situation was highly related to aspects of privacy and sanitation.

Since the dining/meal-preparation space was in the parking lot outside the shelter,
people had poor access, especially when it rained or snowed, and they became exposed to
the cold. The rest area had privacy problems, such as noises and conversations overheard
through the empty spaces between tents, which were used as a temporary lounge. From
this, it was understood that in the living space, tents of various sizes and types should be
provided for storing personal items and protecting family units. A storage plan such as
prefabricated storage furniture is needed to safely store personal items (Table 6).

Table 6. Habitability problems identified in the residential zone (2).

Category Mark Main Problems

Sanitary area
(Re2)

r-12
Sanitary space arrangement without considering sex and privacy

Keywords: space arrangement without considering sex, privacy

r-13
Discomfort among older adults as the toilets were far from their living space

Keywords: long distance and poor access to toilets, older adults

r-14
Privacy infringement due to absence of shower compartments

Keywords: no shower compartment provided, privacy

r-15
Insufficient hot water supply considering the number of survivors, causing people to use
external facilities

Keywords: insufficient hot water supply

Laundry/Drying
area
(Re3)

r-16
Lack of drying space, personal laundry exposed to others if dried outside the tent

Keywords: no laundry drying space, privacy

r-17
Drying personal laundry inside the tent causes high humidity, odor, respiratory infections, etc.

Keywords: underwear drying inside a tent, poor indoor quality

r-18
Personal laundry, such as underwear, is washed in a public washstand, causing exposure to an
unsanitary environment

Keywords: no place for hand wash laundry, sanitary environment

Dining/Meal-prep.
Area
(Re4)

r-19
Dining area in the parking lot exposed survivors to extreme weather conditions (rain, snow,
strong wind)

Keywords: dining area location, no protection for people from extreme weather conditions

r-20
Dining spaces reduced to one after a prolonged shelter stay, lack of dining space for survivors

Keywords: insufficient dining area

r-21
Problems with freezing food materials stored in the outdoor meal preparation area

Keywords: no separate refrigerator for public use

Rest area
(Re5)

r-22
No separate resting area provided indoors resulted in people sitting on the floor, occupying empty
spaces, talking loudly, and exposing private conversations and information

Keywords: no separate resting area provided

r-23
Space sharing in the dining area caused congestion

Keywords: space sharing in the dining area, congestion

From the identifications mentioned above, it can be interpreted that the sanitary
space arrangement plan should consider sex and accessibility, particularly for older adults,
by planning the residential zone near sanitary spaces. Besides, the dining area should
preferably be located inside the shelter, and if it is difficult to secure an indoor space, it
is necessary to consider installing a refrigerator to keep people’s food fresh. A place to
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relax must be mandatorily provided for people to converse and to ensure their emotional
wellbeing. The scale and size of the lounge may be small considering the need to protect
personal or family unit privacy.

“The tent size is so small that it is uncomfortable to change clothes inside. My husband
stays in a relative’s house and I stay alone here for convenience. I don’t have enough space
to keep my stuff, and hence, I always carry all valuable items with me, and I frequently
visit my home to bring other stuff whenever I need something.” (survivor, 60s, woman)

“I stay on the second floor, and I try not to drink water in the evening. The shower is
close, but the toilets are in the opposite direction, and I have to go all the way around
to get there. Whenever I use the toilet during the night, I can’t sleep again.” (survivor,
60s, woman)

“The dining area is outside, and it is a temporary tent instead of a solid building or a
room. When it is windy, rainy, or cold outside, it is cumbersome to move back and forth
to eat.” (survivor, 50s, man)

“We do not have a separate drying room for laundry on the second floor. We hang socks
and towels on a chair to dry, and our underwear is often placed in tents or hung on a
sink.” (survivor, 50s, woman)

3.2.3. Service Zone

The management space did not include a separate resting area for staff and volunteers,
and they had to share the dining area and residential zone with survivors. This made
communication between staff and volunteers difficult as survivors could overhear their
conversations. Thus, room sharing between staff and survivors resulted in community
and privacy issues. In the medical space, another privacy issue emerged. The designated
space for medical treatment was small, and the distance between the consultation room
and waiting area was too close to maintain patients’ privacy (Table 7).

Table 7. Problems identified in the service zone.

Category Mark Main Problems

Staff area
(Se1) s-1

No separate resting area for managers and volunteers; difficult to
protect privacy due to space sharing

Keywords: no separate resting area for staffs/volunteers, privacy

Medical area
(Se2) s-2

Privacy infringement in psychological counseling space as it is
separated by a narrow space from the waiting area; not enough
space in the medical treatment area

Keywords: a small area for medical care, privacy issue due to
close spacing

Therefore, from the interviewees’ experiences mentioned above, we inferred that the
resting area should be planned in a separate space and should not be shared in common.
Sufficient distance was required between the treatment space and waiting space in the
medical care area by preferably providing separate rooms for each function or installing
partitions between spaces.

“When taking a break, it’s very hard for us because we don’t have our own private space.
The rest area in the parking space is mainly used by the disaster survivors, and hence, we
can’t just go there and sit and have conversations or take rest amid them.” (Volunteer,
50s, woman)

“The medical treatment room is very small. When I am waiting to receive psychological
counseling, I am often embarrassed and uncomfortable because I can hear the other
people’s counseling conversation, and I become worried that other people would hear my
story as well.” (survivor, 50s, woman)
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3.2.4. Special Needs Zone

Space for pregnant/breastfeeding women and pet areas were not included in the
space plan for the shelter in Pohang. Families with infants and toddlers did not have any
place to nurse babies and hence, had to return to their damaged house periodically to
feed the babies. People with pets also went back to their houses to care for pets despite
the danger of secondary disaster risks such as aftershocks, collapse, fire, etc. (Table 8).
This showed the urgent need to provide spaces for special needs in the shelter and can be
interpreted that the space plan should include areas for women to nurse their babies and
pet so that infants, women, and pets can stay comfortably in the temporary shelter.

“Because many people live together, there are hygiene issues and we are all anxious about
it. Women who have babies cannot stay in the shelter because of the sanitation problem.
In the beginning, there was a two-year-old baby in the shelter, but the mom and the baby
left here soon.” (survivor, 70s, woman)

“I have dogs that have lived with me for 10 years, and the shelter does not provide a
room for pets. So, I have no choice but to come home regularly and take care of them.”
(survivor, 50s, woman)

Table 8. Problems identified in the special needs zone.

Category Mark Main Problems

Nursing area
(Sp1) sn-1

No room provided for nursing babies in the shelter and families
with infants and toddlers returned to their damaged houses to
nurse babies, thereby risking exposure to a secondary disaster

Keywords: no separate space, secondary disaster exposure

Pet area
(Sp2) sn-2

No space plan for pets in/around the shelter; people with pets
return to their damaged houses to take care of pets with a risk of
secondary disaster exposure

Keywords: no separate space, secondary disaster exposure

3.2.5. Analysis

The following Table 9 is a comprehensive analysis matrix of habitability problems
examined in the temporary shelter by zone. Most problems were pointed out in residential
zones, especially in terms of comfort. In the entry zone and special needs zone, various
aspects of habitability appeared relatively evenly, and the service zone lacked comfort.

Table 9. Analysis matrix.

Entry Zone Residential Zone Service Zone Special Needs Zone

Category

Zone

En1 En2 En3 Re1 Re2 Re3 Re4 Re5 Se1 Se2 Sp1 Sp2

Sa1 e-3 - - r-1
r-3 - r-16 r-19 - - - sn-1 sn-2

Sa2 - e-4 - r-2 - - - - - - - -

He1 e-2 e-5 - r-6
r-7 r-15

r-16
r-17
r-18

- - - - sn-1 -

He2 - - - - - - - - - s-2 - -

So1 - - - r-4
r-8 r-13 - - - - - sn-1 sn-2

So2 e-1 - - r-2
r-8 r-13 - r-19 - - - - -

So3 - - - - - - - - - - - -
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Table 9. Cont.

Entry Zone Residential Zone Service Zone Special Needs Zone
Category

Zone
En1 En2 En3 Re1 Re2 Re3 Re4 Re5 Se1 Se2 Sp1 Sp2

Co1 - e-6 e-7
r-1
r-2
r-3

- r-16
r-17

r-20
r-20

r-22
r-23 s-1 s-2 sn-1 sn-2

Co2 - - e-7

r-2
r-4
r-5
r-9

r-12
r-14 r-16 - r-22 s-1 s-2 - -

Co3 - - -

r-5
r-6
r-7

r-10
r-11

- r-17 - - - - - -

4. Discussion

Examining the temporary shelter’s spatial problems from the perspective of habitabil-
ity revealed that each zone needed improvement in the same or different categories when
compared to other zones.

In the entry zone, all four aspects (safety, health, sociality, comfort) of habitability
were evenly mentioned. This implied that the entry zone was not limited to a specific
factor, as the entry zone was the starting point of the building’s access, crowd control, and
shelter experience, so the overall aspect should be considered. In particular, “sanitation”
and “area” were evaluated as relatively important elements in the entranceway. This was
a place used by many people at the same time and frequently, so it required sufficient
area and an effective width and supports the importance of sanitation management. The
entrance door frequently used by all should open wide and the space around the door
should be left free and uncrowded to support different activities such as waiting, passing,
asking for help, applying for registration forms, etc.

In the residential zone, comprising personal area and public area, problems were
identified in the categories of “protection/prevention” (safety), “sanitation” (health), “vul-
nerable people/accessibility” (sociality), “area/privacy/indoor environment quality” (com-
fort). Among them, it was found many comfort-related problems existed such as “area”,
“privacy”, and “indoor environmental quality”. Moreover, it was emphasized that im-
provement was necessary for hygiene management. In the end, this fact was summarized
as a problem for the qualitative management of the area and indoor environment. If the
space provided to individuals is not sufficient, privacy issues will follow. If the basic indoor
environment such as noise, air, light, and heat is not properly managed, an unsanitary
environment is created. Therefore, space where the survivors spend most of their time,
whether personal or public, should be provided with a sufficient area per individual,
and the quality management of the indoor environment was closely related to promoting
habitability and wellness.

In personal living spaces, the biggest problem was uniform accommodations without
considering the family composition of survivors. Failure to consider sex, disability, number
of family members, age, etc., eventually leads to invasion of privacy, and the provision of
insufficient space also caused a great inconvenience in long-term living. This uniform space
plan and minimum area standard eventually resulted in poor indoor living quality and
negatively affected survivors’ physical health and psychological stability due to privacy
violations.

Therefore, for personal living spaces, it is essential that (1) the area and arrangement of
individual accommodations are first planned, and (2) the characteristics of members living
in the accommodation must be carefully grasped in advance. Furthermore, it is legally
necessary to establish a generous standard that takes into account psychological stability,
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without providing a minimum physical standard when arranging private accommodations
or living space.

In public spaces, it was observed that the biggest problem was sharing multiple
functions in one space without separating the space for each function or planning inde-
pendently. Space sharing infringed on privacy between users. Therefore, when planning
a public space, it is desirable to divide and provide space for each function. Besides, it is
important to consider the diversity of various users. In the shelters in Pohang, there was
a large shortage of dedicated spaces for managers and volunteers, and most of the space
plans focused on survivors. Since this has an important relationship with the building
and providing a better quality of environment for the survivors, it is necessary to consider
the needs of all shelter users such as children, older adults, the disabled, managers, and
volunteers.

Service zone problems were mainly seen in the categories of “area” and “privacy” in
the aspect of comfort. It was identified that these problems were mainly caused by the fact
that a dedicated space for managers and volunteers other than survivors was not prepared.
Because a separate rest area was not provided, a privacy invasion occurred while taking a
break in the corridor or using the same space as survivors. Given this fact, to improve the
habitability of the service zone, it is necessary to ensure space is provided for all shelter
users. Additionally, it may increase the satisfaction of shelter users and improve wellness
by planning separate spaces by users or functions rather than sharing the same space for
multiple purposes.

Last, the special needs zone was less habitable in the categories of “protection” (safety)
and “area” (comfort). These problems were caused by the fact that hygiene, safety, and
privacy were not secured because separate, independent spaces for infants, pregnant
women, and nursing mothers were not provided. In the end, this problem was understood
as the fact that dedicated spaces for children, pregnant women, and companion animals
were not sufficiently provided. If a dedicated space was not planned, hygiene management
may not be carried out thoroughly, and privacy may be infringed, making it difficult to
obtain survivors’ overall welfare. Therefore, it is necessary to plan separate spaces for
survivors with special needs such as children, pregnant women, and companion animals.

In summary, highlights from the findings are as follows:

• Habitability should take into account all four aspects of safety, health, sociality, and
comfort, and it is essential to achieve human wellness even in the planning of a
temporary disaster shelter;

• Since the entry zone is a place where a large number of users move frequently, it is
necessary to secure a sufficient area and thoroughly manage hygiene;

• The residential zone is key to providing a generous space by adjusting the area
provided per user above the legal minimum standard, and to thoroughly manage
indoor environmental factors such as light, noise, humidity, and ventilation. In
particular, in a personal living space, a plan for private accommodation that considers
family members is required, and in a public space, it is necessary to separate spaces
for each function;

• For service zones and special need zones, it is important to separate spaces for each
function and user.

These highlights provide important insights, including:

1. Secure enough space (secure space beyond the legal minimum standards);
2. Provide sanitation and indoor environment quality management;
3. Separate spaces by function and user.

These insights are deeply related to securing the physical health of shelter users, such
as survivors, managers, and volunteers, and obtaining psychological stability and privacy.
They are also related to the quality and satisfaction of human life.

Since the results of the above study were conducted for one temporary housing facility
in Pohang, South Korea, it is difficult to generalize the results from the temporary disaster
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shelter’s spatial plan. It will be necessary to add temporary shelter cases located in South
Korea and expand the disaster types to floods, fires, and infectious diseases in addition
to earthquakes. Furthermore, the follow-up task is to gradually increase the number of
interviewees to accumulate more reliable data. These follow-up studies will help inform
shelter design so that survivors acquire and maintain physical and psychological health
without continuing to lose their dignity in preparation for increasing disasters.

5. Conclusions

The problems within the temporary shelter set up in an indoor gymnasium in Pohang
revealed the need to improve the space planning and operation in terms of safety, health,
sociality, and comfort to better support victims’ needs. The following are some of the
recommendations based on the main research results.

First, to better support the survivors’ shelter stay, daily living activities must be
performed with ease. Therefore, in preparation for various disaster situations, rather than
simply switching the gym to a temporary shelter, it is necessary to review the designation
and use of various types of temporary shelters carefully, such as mobile homes, welfare
facilities, and lodging facilities in addition to public facilities such as gymnasiums and
town halls.

Second, most of the disaster survivors staying in the temporary shelter in Pohang were
older adults, and accordingly, problems such as reduced accessibility due to lack of parking
spaces and frequent use of stairs to access the shelter were observed. There was also
insufficient consideration for the disabled. When planning a temporary shelter, facilities
and space plans for older adults and the disabled must meet the necessary standards with
barrier-free access.

Third, the temporary shelter in Pohang was originally a gymnasium that was prepared
for a temporary stay of one month. However, from the second field study, it was confirmed
that the survivors stayed in the shelter for more than 4 months on average. Therefore, in
the future, various types of disaster shelters should be developed considering the possible
evacuation period, such as an emergency shelter for 2–3 days or a temporary shelter capable
of supporting daily activities for a long evacuation period.

Fourth, in terms of habitability, the most important thing when planning a tem-
porary shelter is to provide sufficient space by demarcating appropriate areas and in-
dependent spaces for each function. When spaces are shared for multiple functions,
secondary problems such as accessibility, privacy, sanitation, indoor quality, and lack
of protection may arise. Therefore, priority should be given to necessary functions and
secure independent areas for each accordingly. Additionally, the composition and arrange-
ment of space should consider different people’s needs based on sex, age, and user type
(staff/volunteers/survivors). By ensuring concepts of habitability such as safety, health,
sociality, and comfort, the temporary shelter can provide survivors with both physical
health and psychological stability during a disaster.

The study was based on a case in South Korea in which a gymnasium was converted
into a temporary shelter. This could be helpful in exploring the different types of shelters
in the world and collecting related data. In the light of previous studies, the result of the
lack of detailed and specific guidelines regarding habitability stays on the same line with
previous studies. However, it can be distinguished that the research process was focused
on interacting with victims, staff, and volunteers on-site instead of analyzing the literature.
It is difficult to generalize the guidelines of shelters as they all have different issues by
country, region, and type of disaster. Thus, examining several cases and accumulating
related issues can be meaningful for the long-term development of shelter planning.
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Abstract: As climate changes and species extinction accelerate, the global community focuses on
Green New Deal plans to promote economic development based on environmental sustainability.
The Green New Deal should encourage sustainable resilience in the environment and strengthen
the community’s innate ties with natural resources and biodiversity. This study describes biophilic
design for sustainable and resilient residential regeneration from the perspective of the Green New
Deal, and suggests potential possibilities for these approaches on a residential regeneration scale.
A case study clarifies the applicable features of biophilic design in various fields, such as architectural
planning and design, technology, and services, and is subdivided according to the scale of residential
regeneration (unit, building, and complex). The results of this study suggest new values for existing
Green New Deal policies and contribute to the segmentation of residential regeneration projects and
the expansion of related industries.

Keywords: Green New Deal; climate change; biophilia; biophilic design; residential regeneration;
sustainable resilience

1. Introduction

The acceleration of global warming has caused severe climate change that led to
environmental pollution, drought, extreme cold and heat waves, and frequent natural
disasters, threatening human health and welfare. In particular, along with climate change,
the aging and decline of the population in modern society, the economic downturn, and the
increase in decrepit housing are accompanied by an imbalance and qualitative decline in
cities around the world [1]. With growing concerns over climate change, efforts to promote
economic development based on environmental sustainability have been made around the
world, and various proposals for the Green New Deal have been raised internationally [2,3].
The Green New Deal means environmental and human-centered sustainable development
and focuses on the eco-friendly transformation of the energy supply and demand system,
everyday life, and industrial infrastructure [4,5]. As a result, discussions are actively un-
derway on the regeneration of urban and residential areas, and specific planning measures
are required to integrate the welfare and environmental protection of local residents and
economic growth.

The recent residential regeneration project presents a vision that considers the direc-
tion of economic regeneration, focusing on green remodeling, the application of green
technology, and the new and renewable-energy industry. However, it also focuses on how
to minimize human environmental impact, without considering various social issues such
as the aging population and the quality of life of residents. Therefore, for existing environ-
mental regeneration businesses to become more sustainable and resilient, it is important to
secure neighborhoods and communities through the restoration of human-nature relations.

Humans evolved in response to the stimulus of the environment and were adapted to
live in a natural environment. In fact, this is supported by research results and empirical
evidence that the natural environment is preferred much more than the urban environment
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or built environment [6–8]. The Biophilia hypothesis conceptualizes it as a human biological
trait, based on the premise that the stimulation of the natural environment induces a
genetically positive response [9]. Specifically, biophilia cannot be explained by a single
instinct, and it can be achieved by learning rules and iterative experiences to cultivate
and effectively function biological tendencies [10]. Biophilia is applied to the architectural
environment through biophilic design. The ultimate goal of the biophilic design is to
restore a healthy relationship between humans and the natural environment, leading
humans to a positive natural experience, offsetting negative environmental factors and
creating a relaxed psychological state [11]. In the field of architecture, various classification
systems have been proposed to apply biophilic design; it is divided into patterns of
biophilic design [12], experiences and attributes of biophilic design [13], depending on the
perspective of the researcher. Recently, biophilic design has highlighted health effects and
economic benefits when they are applied to work, medical, and educational environments,
which are discussed with the expectation of not only the quality living environment but
also the economic revitalization of the community [14,15]. The design method utilizing the
characteristics of the natural environment supports active physical activities and healthy
mental states [11,12]; it also contributes to the securing of natural resources and the creation
of new green jobs by cultivating various species in the urban area [14,16]. It is also
advantageous because it promotes communication with a sentiment of social belonging to
form community integration and a positive sense of society [10,17].

This study focuses on the similarities between the goals and directions pursued by
the concept of the Green New Deal and biophilia and proposes the application of biophilic
design and its value as a strategy for residential regeneration in response to climate change.
The detailed goals of this study are as follows:

• First, it presents a theoretical basis for integrating the concepts of the Green New Deal
and biophilia for the regeneration of residential areas in response to climate change
and resilience;

• Second, it discusses the potential value and need for regeneration of biophilic design-
based dwellings in health, economic, and social aspects;

• Third, through literature reviews, it derives the characteristics of the biophilic design
considering the Green New Deal and proposes a biophilic residential regeneration
strategy based on the scale of application.

This study covers not only the developments of theories that correspond to the purpose
of the study, but also other areas and variables that do not fall within the scope of the subject.

Figure 1 shows the method and scope to achieve the goals of the study, and the details
are as follows. First, it proposes a theoretical basis for the relationship between humans,
nature, and the economy and sustainable resilience by considering theories related to
the Green New Deal and biophilia concepts. Second, it discusses the health, economic,
and social benefits of applying biomedical design by considering prior research related to
biophilic design. Third, a case study of biophilic design applications that was conducted in
the architectural planning, design, and technology and service industries, which are key
areas of the Green New Deal’s environmental regeneration project, is explored. The scope
of the survey covers applications of related literature and preceding research, such as urban
and residential areas; technologies, including architecture; and service industries, through
keyword search. This is to derive a residential regeneration strategy from an integrated and
comprehensive perspective. It was conducted using major academic databases, including
Scopus, IEEE XPLORE, SpringerLink, ScienceDirect, and PubMed. The details are described
in Section 3. Finally, based on the results of the case study, we propose a plan to regenerate
the biophilic residential area. The housing regeneration plan proposed in this study is
limited to the scope of unit scale, building scale, and complex scale in consideration of the
possibility and usability of future applications.
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Figure 1. Research scheme.

To date, research on environmental regeneration for the Green New Deal has focused
on environmental and energy sustainability and community and policy support [18–21].
However, it is insufficient to consider restoring the relationship between local residents and
local ecosystems or to provide support for daily experience with nature. Discussions on
biophilic urbanism have been taking place recently, with the emphasis on the impact of the
regeneration of urban and residential areas on public health [22,23], but research suggesting
a plan for specific applications considering the size and environmental characteristics of
a region is lacking. Previous research has also focused on a limited scope, such as the
restoration of public facilities and ecosystems, so that it is necessary to discuss economic
and technological links, such as Green New Deal projects and smart industries. Amid the
rapidly growing demand for the Green New Deal plan, this study discusses the direction
of residential regeneration for healthy communities and residents and proposes various
applications and the potential value of biophilic design as a key strategy. The results of this
study indicate the possibility and need for a link between the Green New Deal project and
the biophilic design strategy. Moreover, the results expand the understanding of residential
regeneration and the application of biophilic design from the perspective of the Green New
Deal. They also contribute the worth of segmenting residential regeneration projects on
various scales, the potential utilization of biophilic architecture, and the development of
related technologies.

2. Green New Deal and Biophilic Design

2.1. Climate Change and Green New Deal

Discussions on global weather phenomena and climate change aim at global and
national strategic responses to changes in the global environment, including food, soil,
energy, and health. Global warming prevents the planet from functioning properly by
directly weakening the Earth’s environmental services or disabling them, which inevitably
has direct and indirect impacts on various areas, including human life, industrial structure,
and the ecosystem [24]. In other words, rapid climate change is expected to pose the
most serious threat to the world’s economic, social and environmental stability, requir-
ing continued access to essential goods such as clean water and air, and healthy food
and housing.

Climate change is not an independent issue but is closely linked to the growth of
the human population, energy, and everyday working and living environments. The fifth
evaluation report by the International Panel on Climate Change (IPCC) explains how risks
from [25] climate change can adversely affect the human living environment. The impact on
the ecosystem may worsen social problems, such as diseases, and resource problems related
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to human life, such as food scarcity. It is estimated that an increase in average temperature
and precipitation will lead to changes in the life cycle, geographical distribution, and species
composition of plants and animals. The increase in carbon dioxide levels will have a serious
impact on the marine ecosystem; the increase in temperature will cause natural disasters
such as floods due to rising sea levels and erosion, accompanied by human casualties [26].
The impact on ecosystems soon leads to social and economic impacts, such as the decline in
overall food production due to problems with water supply and demand and the change
in the structure of energy supply due to the surge in demand for heating and cooling,
increasing the emissions of secondary air pollutants. The system of such a vicious circle
is also expected to be prominent in accelerating population migration, with flooding to
high-altitude inland areas and an influx of the rural population into cities, which could lead
to an imbalance in land use and food supply and demand [27]. Finally, the most serious
threat of climate change is health problems, as they create favorable conditions for the
spread of diseases, especially among the socially vulnerable. This will deal a heavy blow
not only to developing countries but also to all cities suffering from aging populations
worldwide. In this context, the living zone concentrated in the urban environment of
modern society is expected to suffer huge losses. It is, thus, necessary to improve the quality
of the environment and support human health and well-being through environmental
management plans, policies, and technology to protect the environment from disasters
caused by human activities.

Recently, every country has been pushing for a Green New Deal policy to form a
win-win relationship that benefits both by integrating economic growth and environmental
protection, which have been perceived as conflicting relations [28,29]. The direction of
the New Deal policy in the global era is the convergence of the Digital and the Green
New Deal [30], emphasizing the establishment of smart infrastructure in response to the
Fourth Industrial Revolution and climate change, discussing environmental and economic
responses through the development of green environment and green technologies, and job
creation [27,29,31]. The fundamental solution to the problem of climate must be accompa-
nied by extensive academic and industrial efforts, and the construction sector needs to first
produce specific countermeasures at the minimum scale of the environment closest to our
lives. Whereas the Green New Deal is a hot topic of debate, we are fully aware that the
socially vulnerable, animal and plant species, and future generations around the world are
already seriously damaged [32]. We should respond to this threat quickly.

The Green New Deal has once again called for an integrated and comprehensive
perspective on the issue of residence, as the past way of life, which prioritized progress
and development, has changed in a way that values today’s quality of life. In particular,
attention is being paid to how to “restore “or “replay” so that each function of “people,”
“community,” “nature,” and “economy” can be fulfilled efficiently and effectively [33].
Residential regeneration shall practice regional regeneration considering the identity and
environment of the region, and infrastructure shall be established for the city and local
community to grow continuously. Therefore, this study focuses on exploring approaches
and methodologies to “resilient” residential regeneration, in which the development of
residences, nature, and communities can circulate organically to cope with climate change.

2.2. Biophilia, from the Point of View of the Green New Deal

The Green New Deal is the coordination of social, ecological, and economic systems
in response to current or anticipated climate change and its impact [34], in other words,
to build a mutual developmental relationship between humans, nature, and the economy.
The approach to the Green New Deal is discussed in convergence with the precautionary as-
pect, encompassing a multidisciplinary analysis, in which the production and use of energy
is a combination of natural scientific perspectives [25,35–37]. The preventive approach fo-
cuses on “safe management rather than regret”, a precautionary principle that is irreversible
in the event of losses caused by climate change [25]. This study deals with the regeneration
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of residential areas for the Green New Deal and discusses the link with the concept of
biophilia in consideration of the direction of preventive and convergent approaches.

Biophilia refers to the instinctive love for life and natural systems and promotes the
restoration of nature and human relations based on human emotional partnerships in
natural life [10]. Edward O. Wilson, who popularized the biophilia hypothesis, suggests
that the most serious disaster of climate change is the loss of genetic diversity due to
natural habitat destruction [38]. This is because being alive and staying healthy when
activating the love of life within [39], especially exploring and feeling close to life, is an
essential and positive process for mental health [10]. In other words, humans and society
cannot be completely healthy in a modern urban environment that lacks access to nature
and should provide a more renewable and resilient environment through the restoration
of natural and human relations. Resilience is the ability of a system to derive profits by
absorbing and utilizing psychological disturbances and changes and has a sustainable
structure [40]. The resilience of a city based on biophilia requires a shift in the idea of
recognizing natural resources and biodiversity as the basis of support for survival, and it is
important to strengthen local residents’ instinctive attachment to nature. In this context,
this study focused on the similarity between the Green New Deal goals and the biophilia
hypothesis, seeking benefits through positive ties between humans and nature, and drew a
theoretical basis for applying and integrating residential regeneration. Figure 2 shows its
link with the biophilia hypothesis from the Green New Deal perspective.

 

Figure 2. The link between the Green New Deal and Biophilia.

The Green New Deal is being discussed in terms of humanity, nature, and economy,
and this study derived three concepts for the practice of biophilia from the perspective of
the Green New Deal. The first is “support for biodiversity”. The clearest common thing
in the practice of the Green New Deal and biophilia is the preservation of the ecosystem,
specifically an active attitude toward securing various species. Securing biodiversity sup-
ports diverse experiences with nature and contributes to enhancing the competitiveness of
the community by assuring the evolution and specificity of indigenous creatures. In other
words, biodiversity based on bioethics serves as an organism of a complete ecosystem by
inducing continuous well-being of the individual and economic society of the city. The sec-
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ond concept is “enhancing experience with nature,” which is to improve the bond between
humans and nature through human physical, physiological, and mental characteristics that
respond positively to nature and further ensure the health and healing of local residents.
Prior studies related to human responses to nature have provided convincing evidence
in a wide range of fields in which interaction with nature is related to inducing healing
and recovery, improved understanding of learning, and reduced social hostility and ag-
gression [13,17,41–43]. Recently, the architectural community has discussed planning and
technical measures to maximize the experience with nature to build a healthy physical
environment and a high-quality living environment through the effects of biophilia [44].
The third and last concept is the “collaboration with natural ecosystem”, which is to rec-
ognize that all-natural resources are finite and pursue a cooperative relationship between
humans and nature rather than a one-sided collection of resources. This needs to be consid-
ered in the Green New Deal plan, regarding the concept of biomimicry [11], which derives
innovative ideas by imitating the principles of biology and creating new technologies and
values in implementing eco-friendly buildings. The approach from collection to collabo-
ration has a structure in which mutual benefits are generated in the process of utilizing
resources, and this mutual benefit further strengthens access and relationship to nature.

From the perspective of the Green New Deal, biophilia provides interaction-based
benefits through a complex process and ultimately ensures a healthy life for local residents,
which can give new value to the existing Green New Deal strategy. Therefore, it is necessary
to discuss specific linkages when building an urban and residential environment.

2.3. Residential Regeneration and Biophilic Design

Individual emotions and perceptions related to environmental preference are based on
the characteristics of places where people can view the landscape and discover resources
or hide themselves from dangers or threats [45–47]. The human mind, structure, and ca-
pacity, were formed through the process of living in the natural world, and its senses and
tendencies developed according to the environmental characteristics of nature and way
of life [48]. In just a few decades, the population of cities around the world has soared,
leading to continued construction processes focused on efficiency and convenience, leaving
humanity far from nature. Considering the history of lifestyles from an evolutionary per-
spective, biologically, there is not enough time for humans to fully adapt to a city. In this
context, a plan to build an environment to promote and strengthen human interaction
with nature was required. In architecture, biophilic design is being explored as a strategy
to interpret biophilia and introduce it to the architectural environment. Eco-friendly and
sustainable architecture and, recently, resilient living environments are discussed as major
planning techniques [49–51].

Beatley [52] developed the “Nature Pyramid” as a metaphorical tool for suggesting
nature’s recommendation and diversity of experience depending on the scale of the environ-
ment. It emphasizes that “everyday neighborhood nature” is very important in conveying
the essence of a happy and healthy life. Although international and national-scale Mother
Nature, at the top of the pyramid, guarantees a high level of values and rewards, it does
not guarantee equal access; it is often difficult to experience and cannot be included in a
natural diet of all scales. In other words, the application of the biophilic design should
take into account contact with the nature around us, and it is important to restore the
ecosystem on the residential scale and secure the biodiversity in the local environment.
For example, if multi-family housing or apartment types are generalized depending on the
population distribution, geographical characteristics, and scale limitations of each region,
the experience with nature can be further weakened, so a detailed plan according to the
scale of the residential area is required.

This study regards residential regeneration considering biophilic design for residential
environments that are closely connected to daily life, and details on the scale and scope of
residential regeneration are as shown in Table 1.
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Table 1. Range of residential regeneration.

Scale Range

Unit
Unit space in a house, including interior environmental
planning (living room, bedroom, kitchen, etc.) and intelligent
residential services

Building
A plan for energy management and shared space (piloti,
lobby, rooftop garden, etc.) considering multi-family housing
and apartment types

Complex A plan for joint facilities (parking lots, parks, etc.) and access
road & street for residents of nearby houses (building)

As mentioned previously, it is important to understand the role and potential value of
biophilic design from the perspective of the Green New Deal to regenerate residential areas
responding to climate change and urban problems. This study analyzed the expected effects
of biophilic design considering the Green New Deal and the benefits of biophilic design for
residential regeneration. The benefits were summarized in view biophilic characteristics
and biophilia practice through consideration of the literature and prior research related to
biophilic design. Table 2 shows the characteristics and benefits for the expected effects of
biophilic design.

Table 2. Characteristics and benefits of the biophilic design.

Expected Effect
Biophilic Design

Characteristics
Biophilia
Practice

Benefits Resource

Healthy

Physical

A walk in the park
and woods Ee Improved walking and

balance; reduced falls [53,54]

Natural material;
green wall Ee

Reduced respiratory
diseases; relieved headaches
and dizziness

[55,56]

Physiological

A walk in the park and
woods; visual exposure
to nature

Ee

Reduced blood pressure and
heart rate; decreased
sympathetic nervous system
activity

[41,57,58]

Plant cultivation;
gardening activities;
indoor garden

Ee Promoted neuroendocrine
system and stress recovery [11,59]

Daylight Ee Improved life cycle and
biorhythm [60,61]

Green space close
to homes Sb Improved average life span [62]

Psychological

Visual exposure to nature Ee

Improved subjective
satisfaction; reduced anxiety
and tension, frustration,
boredom, and fatigue

[63,64]

A walk in the park and
woods Ee

Improved observation,
attention-inducing,
concentration,
and problem-solving skills

[53,65,66]

Natural color and pattern;
Nature sound Ee

Improved creativity and
emotional recovery; reduced
loneliness

[67–69]
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Table 2. Cont.

Expected Effect
Biophilic Design

Characteristics
Biophilia
Practice

Benefits Resource

Economical

Healthcare
savings

Biodiversity Sb
Decreased disease rate and
number of visits to medical
institutions

[8,64]

Visual exposure to nature Ee Decreased hospitalization
and pain medication doses [48,70]

Daylight Ee
Reduced sick leave and
absence of students and
workers

[71,72]

Reduced energy
consumption &

maintenance
costs

Green building system;
green wall Cn

Increased natural
purification; reduced
building maintenance costs

[14]

Rainwater recycling and
solar heat energy Cn

Secured renewable energy;
reduced energy
consumption

[14,44]

Microbial culture;
community farm Cn; Sb

Reduced waste disposal
costs; secured food
resources

[73,74]

Revitalizing local
economy

Urban forest restoration;
forestry; urban agriculture Cn; Ee

Created jobs for local
residents; secured regional
competitiveness

[74]

Water space; daylight Ee; Cn Increased local store sales
and real estate value [14,75]

Social

Enhancing
community

Green space close to
homes Sb

Increased frequency of use
of public spaces and
regional community

[76,77]

Gardening activities;
foodscaping; animals Ee Improved conversations,

affinities and preferences [78,79]

Urban
vulnerability

reduction

A walk in the park and
woods; nature sound Ee

Reduced crime rate,
aggressiveness, violence,
and fear

[17,77,80]

Roadside trees; vertical
greening Sb Reduced traffic accidents;

revitalized communities [51]

Note: Sb = Support for biodiversity, Ee = Enhancing experience with nature, Cn = Collaboration with natural ecosystems.

The biophilic design has expected health, economic, and social effects, and offers a
wide range of benefits through direct and indirect contact with nature, a level of awareness
of biophilia, and interactions with animals and plants. The design method of promot-
ing experience with nature should support active physical activities and healthy mental
conditions and create job positions for securing natural resources and managing the ecosys-
tem. It should also respond to the vulnerability of the community, reducing hostility
and aggression by promoting a friendly atmosphere and social interaction. In particular,
the development of smart technology related to the cultivation of urban agriculture and
microorganisms expands the residents’ understanding about biophilia and contributes
to enhancing biophilic tendencies. The specific benefits of biophilic design for health
contributes to the well-being of local residents and public health and provides economic
and social benefits through biologically positive responses. This leads to the stabilization
of economic and social structures, thereby maintaining the quality living and contributing
to the formation of a healthy and resilient community.
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3. The Biophilic Design for Residential Regeneration

3.1. Methodology of Study

This study analyzed literature and preceding research on biophilic design in a wide
range of areas, including urban planning and residential regeneration, architectural plan-
ning and design, housing technology, and residential services to identify the features of
biophilic design for the residential regeneration in various aspects. Table 3 summarizes the
keywords used in this study.

Table 3. Keyword for literature review.

Keyword & Criteria Contents

Keyword

City and urban planning “Biophilic city”, “Biophilic urbanism”, “Urban greening”,
“Urban generation”

Residential regeneration
“Biophilic residence”, “Biophilic residential environment”,
“Biophilic community”, “Biophilic living”, “Residential
generation”

Design of architecture and space
“Biophilic design”, “Nature-based design”, “Biophilic
architecture”, “Biophilic building”, “Biophilic indoor
environment”

Technology and service
“Biophilic technology”, “Sustainable technology”, Biophilic
service”, “Biophilic design industrial”, “Nature immersive”,
“Smart-home technology”, “Smart-home service”

The information was collected through major academic databases, and the collected
data examined the relevance and applicability by referring to the biophilic design elements
and patterns presented in the referenced study. Figure 3 shows the literature review process.

 

Figure 3. Literature review process.
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This study prioritized whether the biophilic characteristics and cases proposed by
literature and articles are related to the three biophilia practice concepts. In addition,
we valued the characteristics and cases that can provide health, economic, and social
effects from the perspective of the Green New Deal and reviewed the applicability and
application plan considering the scale of residential regeneration proposed in this study.
The literature and articles collected through keyword searches were first selected through
title and abstract screening after excluding redundancy; the final 36 papers were selected
according to the analysis criteria after full-text review.

3.2. Results of Biophilic Design Features

This study analyzed the main characteristics and related examples of the application of
biophilic design presented in the literature and previous studies according to the concept of
three biophilia practices considering the Green New Deal. The biophilic feature considers
the characteristics of planning elements and case objects that are common in literature,
and includes five for support for biodiversity, five for enhancement of the experience with
nature, and two for collaboration with natural ecosystems.

As a result of the literature review, the application of biophilic design in the field of
planning and design varies depending on the use and size of a building and the perspec-
tive of the researcher. In particular, policy efforts depending on the size of the city are
being made to preserve or utilize the environmental characteristics of the region, such as
mountainous and coastal areas, but there is a lack of research on specific criteria for the
application of biophilic design. In addition, the application of biophilic design for housing
and residential areas is insufficient due to the concentration of public facilities and ecologi-
cal tourism. In the field of technology and services, the development of new technologies
has improved the availability of biophilic design. However, the development of immer-
sive technology centered on the games, and entertainment, and the smart home industry
focused on energy efficiency and sustainability needs to be directed to a more positive
experience of humans and nature.

3.2.1. Support for Biodiversity

The support for biodiversity guarantees and manages the right to survive for all
species, creating an ecosystem of cities where both terrestrial and aquatic species coexist.
Table 4 shows the literature and prior research analysis related to support for biodiversity.

Table 4. Biophilic features related to support for biodiversity.

Biophilic Feature Biophilic Examples Resource

A Ecology park

Nature-Park
Sudgelande, Berlin,
Germany (2000)

Creation of a nature reserve through the
participation of local residents to preserve the
biodiversity around the closed Sudgelande
Railway; used as parks and exhibition spaces
for local residents and artists

[13,74,81,82]

Greenways for
Pittsburgh program,
USA (1980)

Open space for excellent management and
conservation of ecology; creation of walkways
and bike paths for local residents; creation of
local jobs for environmental monitoring and
maintenance

B Green rooftops
Podium Green Roof,
Toronto, Canada
(2009)

Utilization of modular systems comprised of
indigenous species; plant species placement
taking into account site conditions such as
daylight and shade; habitat provision for
insects and birds

[74,83–86]
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Table 4. Cont.

Biophilic Feature Biophilic Examples Resource

C Vertical gardening

Optima Camelview
Village, Arizona,
USA (2007)

Townhouses; creation of a variety of vegetation
and green spaces on bridges and balconies
connecting buildings; the provision of a series
of landscapes throughout the complex

[13,15,51,83,86,87]Bosco Verticale,
Italy (2014)

Residential towers; provision of tree planted on
balconies in each unit space; arrangement of
tree species according to the height and
direction of each building

Façade of Quai
Branly Museum,
France (2006)

Support for the reproduction of various
organisms, such as moss and insects; used
materials such as green wall façades, stones,
and trees

D Pocket park Parklet, California,
USA (2005)

Green spaces and pocket parks using parking
spaces in creative ways for each residential
complex; access to residential complexes and
roads through green areas

[16]

E Greening road &
street

Green street program
Portland, USA (2007)

Management of rainfall runoff through public
facilities including planting; prevention of
illegal parking through planting expansion
facilities on roads and street pots; increase of
superior infiltration surface

[13,16,74,84,88–90]

Wildlife passages,
Canada (2007)

Creation of movement routes for animals,
avoiding roads to connect animal habitats;
construction around the upper part of tunnels,
underground parking lots, and roads to protect
protection local animals and ecosystems

The continuous landscape of the entire habitat through green rooftops and vertical
gardens helps the dispersal of animals and plants. Securing native species in the resi-
dential environment encourages local residents to bond and creates new jobs to preserve
the ecosystem. In addition, small ecosystems help reducing maintenance costs in res-
idential complexes by forming circular structures, ultimately contributing to securing
regional competitiveness.

3.2.2. Enhancing Experience with Nature

Enhancing experience with nature is about creating opportunities and inducing con-
tact with nature in a variety of ways. Nature is divided into direct, indirect, and vicarious
(symbolic nature), according to the type of contact [91]. Direct nature is in direct contact
with the natural environment, and the more you touch, feel, and look, the higher its value.
Indirect nature is a controlled environment that can be experienced in aquariums and
museums and is in contact with processed nature, such as indoor gardens and botanical
gardens. Finally, vicarious nature is a scene that expresses or describes nature, and is ex-
pressed in a realistic or metaphorical way, depending on the situation. Currently, vicarious
nature includes smart-home technology for experiencing multisensory nature or immersive
technologies such as VR (virtual reality) and AR (augmented reality). Table 5 shows the
literature and prior research analysis related to enhancing experience with nature.

The greening of community space for enhancing experience with nature enhances
access to nature and affects social friendship and integration, responding to social vul-
nerabilities, such as reduced crime rates, increased consideration, and altruistic behavior.
In particular, the link between biophilic design and smart-home technology can maximize
direct contact with natural factors, such as daylight, wind, and climate change, and if it
actively utilizes technologies that promote experience with nature inside [44], it can ease
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physical space constraints and improve the living environment and the quality of health
and welfare of residents.

Table 5. Biophilic features related to enhancing experience with nature.

Biophilic Feature Biophilic Examples Resource

F
Community
garden & farm

Paley Park,
New York,
USA (1967)

A small park between buildings in the city; an ivy,
a tree canopy, and artificial waterfalls to increase
the sounds of nature and reduce the noises in
the city

[16,48,92,93]
Phipps Conservatory,
Pittsburgh,
USA (1893)

It plays the natural recorded sound of Pittsburgh
through 12 speakers in the main atrium; autoplay
based on seasonal and climate conditions

Via Verde, NewYork,
USA (2012)

Multi-family housing; terraced residential
complexes to create walkways by height and
communal gardens and to induce exploring
experiences of vicarious nature

G
Atria & green
courtyards

Khoo Teck Puat
Hospital, Singapore
(2010)

An indoor garden with waterfalls; a city farm on
the roof of a building; provision of a shared space
for local communities

[13,16,94,95]

Victoria Park Villas,
Singapore (2018)

A courtyard that can be viewed from any unit; the
provision of natural light and airflow in the interior
through skylight and louver; the provision of a
transparent window for the privacy and view of
the courtyard

H Indoor daylit &
ventilation

One Central Park,
Australia, Sydney
(2013)

Residential towers; secured natural lighting of
shaded areas through heliostats installed between
two buildings

[16,44,96]
LS skylights; HC
moons (CeoLux)

Artificial lighting display systems; the use of LED
technology to recreate the spectrum of real sunlight
and moonlight; virtual appreciation of the sky and
climate changes

Prolouver (Pergola)

Environmental sensor + controller + actuator
coupling unit; provision of an optimized indoor
environment, according to rainwater, light,
and wind direction; provision of comfort and
stability from the natural environment

I Natural analogs

Ekouin Nenbutsudo
Temple, Japan (2013)

The use of natural materials such as trees and
stones in every space; the use of colors and patterns
to symbolize nature

[13,97]

Aqua Tower, Chicago,
USA (2007)

An organic building in the shape of waves;
prevention of collisions between buildings and
birds through the shape of glass finishes and curves

J Virtual nature

Maplewood Senior
Living, Westport,
USA (2017)

Provision of “sky lounge” with immersive displays
and audio, videos, and images of nature; support of
real-time communication with friends and family

[44,96,98]Undersea Project
(Magic Leap)

Implementation of elements of nature’s
environment through technologies of augmented
reality and mixed reality; support for experiences
with living things based on virtual natural
environments (dolphins, birds, etc.)

Komorebi (LESLIE
NOOTEBOOM)

A project lamp that generates shapes and shadows
of virtual light; provision of the properties of light
reflected in water or reflected between leaves
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3.2.3. Collaboration with Natural Ecosystems

Collaboration with natural ecosystems focuses on the symbiotic relationship between
humans and nature rather than the collection of resources [73,99], promoting a mutual ben-
efit from the development of architecture and technology. The development of sectors and
technologies in the industries involved has unlimited potential and can lead to innovations
in technology and profits to the community. Inspired by biological systems, collaborating
with various species benefits both corporate and local ecosystems and residents, and it
is an effective way to meet global needs. Table 6 shows the literature and prior research
analysis related to collaboration with natural ecosystems.

Table 6. Biophilic features related to collaboration with natural ecosystems.

Biophilic Feature Biophilic Examples Resource

K Enhanced
environment

Supertree Grove in
Gardens by the Bay,
Singapore (2012)

Public structures with technologies that mimic the
ecological functions of trees; shades, solar energy,
and rainwater recycling; provision of habitats for
insects and birds

[88,100–102]

Nedlaw Living Walls
(Biofilter company)

Provision of indoor air quality and humidity
control through wall recording; reduction of >90%
of energy compared to existing HVAC 1 systems;
provision of optimal plant cultivation conditions
using automatic irrigation systems

Smart Aquarium;
Smart Plants Growers
(Multiple companies)

Devices for fishery harbor and plant management
using the Internet of things; creation of an optimal
growth environment with minimal management;
provision of living conditions and related
information; contribution to strengthening
biophilia propensity

Termite Humidity
Damping Device
(Terrapin Bright
Green)

Passive humidity damping device based on fungal
combs in termite mounds; stabilization of humidity
in buildings and reduction of energy demand

L
Waste and energy
management

Microbial Home
(Phillips design, 2011)

Generation of bacteria and biogas energy through
the decomposition of food and plastic waste; biogas
energy utilization for cooking or cultivation of food,
indoor lighting, etc.

[73,103–105]

Aquaponic Systems
(Multiple companies)

Hydroponics and fish farming based on symbiotic
relationships between fish and plants; fish waste
provides nutrients to plants, who filter the water
for fish

Biolytix (Biolytix)

Household wastewater treatment systems that rely
on worms and other organisms to filter water and
break down sewage; exclusion of toxic chemicals;
90% energy saving compared with conventional
sewage treatment system

Pilus Cell (Pilus
Energy)

As modified bacteria break down organics in
wastewater, producing electricity, treated water,
and useful chemical compounds

Latro Lamp (Mike
Thompson)

A lighting device that extracts electricity during
photosynthesis of the lamp’s algae through
sunlight, CO2, and water

Note: 1 HVAC: heating, ventilating, and air conditioning.

Examples showing collaboration with natural ecosystems are applied to a wide range
of areas ranging from environmental planning and design of architecture to technology
and services; the tendency of biophilia can be strengthened by helping local residents
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understand and feel nature and biological systems, as they are closely related to their
daily lives.

4. Biophilic Residential Regeneration for the Green New Deal

4.1. Integration of Residential Regeneration and Biophilic Features

This study derived a total of 12 biophilic features for residential regeneration and
was divided into features of planning and design and features of technology and services,
based on a review of the literature. The biophilic features of planning and design include
elements and expression techniques of biophilic architecture, such as green rooftops,
vertical greening, and natural analogs. The features of technologies and services include
technologies of immersive experiences that support experiences and relationships with
nature, such as virtual nature, improved environment, and waste and energy management,
and elements of smart-home services. Based on the analysis, this study proposes a path to
integrate the biophilic design and regeneration of residential areas; details are as shown in
Figure 4.

 
Figure 4. Integration pathways of biophilic design features considering the scale of residential regeneration.

This study classifies biophilic features according to the concept of biophilia practice;
however, each feature is closely related to each other and forms a sustainable and resilient
structure through a complementary relationship. Restoring wild nature and inducing life’s
habitats around us to support biodiversity leads to opportunities for contact with nature
in our daily lives, strengthening a positive natural experience. Activities to strengthen
experience with nature promote biodiversity and require collaboration with the natural
ecosystems for sustainable experiences. In addition, being inspired by nature or collab-
orating with the natural ecosystem is based on biodiversity, which requires a balanced
approach to the three concepts of practice, and it is important to lay the foundation by
applying it to a small environment first.

4.2. Strategies of Biophilic Residential Regeneration

Based on the literature and case studies, this study explored the application of bio-
philic features (A-L) considering the scale of residential regeneration, through which we
propose a biophilic residential regeneration strategy. Table 7 shows the biophilic residential
regeneration strategy and its associated benefits.
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Table 7. Biophilic residential regeneration strategy and benefits.

Scales
Biophilic
Features

Strategies Specific Benefits Common Benefits

Unit

C

Balconies of each unit of housing for
vegetation

Biodiversity; enhancing access to
nature

• Improved health and
well-being

• Reduced building
energy demand

• Reduced illness
• Increased productivity
• Increased property value
• Increased food security
• Extended infrastructure

longevity
• Reduced UHI 1

• Improved air quality
• Enhanced water

quality(filtration)
• Residential regeneration
• Encouragement physical

activity
• Provided recreation
• Increased regional

competitiveness
• Increased community

sense

Bio wall (green wall) with built-in
automatic irrigation system Improved indoor air quality

H
Automatic actuator (louver; curtain;
window; etc.) according to
daylighting and wind direction

Improved indoor air quality;
maximization of daylight;

I

Interior design using natural shapes
and patterns Reduced stress; emotional stability

Using of natural colors and
materials Reduced stress; emotional stability

J Smart-home device that provides
virtual nature (3D object; video; etc.)

Enhancing access to nature; reduced
stress

K Smart aquarium; smart plants
growers

Enhancing access to organism;
reduced stress

L Waste treatment system through
microbial culture Reduced waste disposal costs

Building

B; F Green rooftops and foodscaping
considering indigenous species

Improved space efficiency; securing
food

C; K Façade greening and vertical
greening system using rainwater

Improved water management and
energy efficiency

C Green corridors between buildings Improved visual amenity;
biodiversity

G Nature-friendly sharing space in
atria and courtyards Promotion of communication

G; H Heliostate for solar path tracking
and daylight streams Maximization of daylight

I Organic building shapes and forms
for bird protection

Improved visual amenity;
biodiversity

L
Water treatment and energy
management system based on
microorganisms

Reduced waste disposal costs;
improved energy efficiency

Complex

A

Linkage between ecological parks
and residential complexes;
participation of residents for
ecological management and
operation

Promotion of communication;
creates employment

D Parklet utilizing parking space Biodiversity; improved visual
amenity

E
Shade planting for buildings placed
to remove heat load Prevention of heat load

Green permeable sidewalks;
plantation expansion facilities Prevention of flooding

F
Community parks that include
artificial waterfalls, fountains,
and sounds of nature

Promotion of communication;
enhancing access to nature

J; K
Public design considering the
habitats of urban creatures and
virtual nature

Biodiversity; enhancing access to
nature

Note: 1 UHI: Urban heat island.
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The unit scale is important to maximize direct and indirect contact with nature in
limited indoor spaces. This requires housing technologies and services that can sense
and respond organically to external natural environments. In addition, it is necessary
to induce a visual or tactile connection with the indirect nature by utilizing the colors
and materials of interior elements such as walls, ceilings, and floors. With the recent
development of immersion technology, it is possible to simulate natural environments [44],
and the construction of a natural immersive environment in a house using this innovation
can be an original means to improve access to nature. The unit-scale biophilic strategy
actively contributes to the improvement of residents’ health and well-being and helps
reinforce the residents’ biophilia propensity to nature.

Biophilic strategies for building scale can support a continuous landscape outside
and inside a building, while enhancing the functionality of the building and communi-
cation among residents. It is important to tend to indigenous species through rooftop
landscaping to form small community farms and establish a self-sustaining system of
buildings through natural resources and microbial culture environments. This increases
the efficiency of building energy and space promotes social exchange and contributes to
securing food resources.

Biophilic strategies for the complex scale is a strategy for residential activation and
community awareness, including residents’ participation in managing ecosystems near res-
idential areas. The extensive greening of the complex, such as pedestrian paths, and street
and pocket parks, improves water treatment and circulation systems and has a positive
effect on the improvement of the microclimate. In addition, public design and community
parks in residential complexes that take into account biodiversity protection and virtual
nature contribute to building biological knowledge, strengthening community awareness,
and revitalizing residential areas. Biophilic residential complexes support the sustainability
of biophilic units and buildings, while also providing the foundation for biophilic cities.

5. Discussion

The healthy environment required by the Green New Deal can be strengthened by
biological characteristics based on the relationship between humans and nature and, ulti-
mately, contribute to the sustainable health and well-being of local residents. Prior research
on biophilic design has played a significant role in shaping the biophilic system, emphasiz-
ing the role of the architectural environment for health and well-being. However, we often
tend to overlook everyday places in the urban environment; in particular, there should be
sufficient discussion about the minimum natural level or approach for local residents and
neighbors. There is also a lack of consideration for technical and smart methodologies to
enhance bio-friendliness. Therefore, from a multifaceted and long-term perspective, the bi-
ological investment for public health of the community is a very important research topic.
This study deals with how to respond to climate change and urban vulnerabilities and
apply biophilic design as a strategy for residential regeneration for quality residential life.

Interaction of people with nature promotes the recovery and well-being, acting as a
preventive factor related to everyday stress. This can promote climate stabilization and re-
gional competitiveness by driving meaningful interactions for the health and sustainability
of communities. It also contributes to public health by ensuring equal access of residents to
nature. Therefore, the government-led Green New Deal project needs a residential regener-
ation strategy that strengthens the organic linkage of biophilic design and maximize the
effectiveness of financial expenditure in the long term.

To support biodiversity in continuous landscaping of various sizes, from indoors to
buildings to residential complexes and cities, all creatures should coexist through strategies
tailored to the biogeographic characteristics of the region. The experience with nature
should be discussed in various aspects, and technical services should be provided in
the scale of the unit and building for the equality of natural contact. In this process,
companies can not only obtain innovative ideas but also have to develop sustainable
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products and processes, which would serve as an opportunity to respond to external and
internal environmental vulnerabilities.

Finally, the concept of biophilia practice proposed in this study is a complementary
relationship, taking into account the characteristics, housing type, and scale of each lo-
cal environment to secure biodiversity, strengthen experience with nature, and facilitate
collaboration with the natural ecosystems. In unit scale, it is necessary to utilize various
technologies to bring the external natural environment indoors and to develop the contents
of the user’s experience. Moreover, considering the improvement of the health and energy
efficiency of residents can be a cost-effective alternative in the long term. Building scale
shall provide residents with experiential opportunities of nature through rooftops and
public spaces and shall establish a system of buildings to support the cultivation of mi-
croorganisms and the utilization of natural resources. This contributes to the provision of a
certain amount of healthy food and to the improvement of building efficiency. On a com-
plex scale, it is important to create small green spaces and a bio-friendly ecosystem. Services
and contents indicating indigenous plant species and surrounding environmental charac-
teristics in the residential complexes continuously maintain and promote bio-friendly units
and buildings and contribute to the improvement of the residents’ community awareness.

6. Conclusions

A key premise of this study is that there is a close link between biophilia or bio-
philic residential regeneration and recovery-resilient communities and healthy residents,
where specifically, the former helps develop the latter. The extent to which local residents
can be termed ‘bio-friendly’ depends on their preference for the natural environment
around them, the level of participation in their experience with nature, or the social attitude
that supports them. In other words, the biophilic residential environment should help resi-
dents actively interact with nature, enjoy nature, and take care of it. However, more efforts
and research are needed in the future for biophilic residential regeneration. For example,
short-term economic costs for green roofs and building systems can hinder the creation
of a bio-friendly environment. Whilst implementation of these strategies requires policy
investment and management, it also leads to long-term cost savings. In addition, to provide
biophilic services, it is necessary to provide indicators to understand and measure specific
environmental factors favored by local residents, as well as change the modern lifestyle
that relies on the means of living indoors and transportation.

The study emphasizes that the Green New Deal project should focus on linking
essential relationships rather than on the superficial mutual development of human, natural,
and economic benefits. In addition, various methods to apply a bio-friendly design in
residential regeneration were explored. The biophilic residential regeneration proposed in
this study is worthy of use as a series of indicators that contribute to the Green New Deal
and the resilience of the community. This contributes to expanding the understanding of
biophilic design and residential regeneration from the perspective of the Green New Deal
and provides insight into the conversion of biological ideas into the market in architectural
planning and technology development. This study deals with the developed domain of
existing theories about the topic of the study and has a challenging value in that it takes
into account the linkage with other related variables.

However, by utilizing the few categories presented in the literature and previous
studies, this study is limited in comparing and analyzing specific applications, taking
into account the characteristics of the local environment and residents and in buildings
on clear criteria for the application of biophilic design. This is because the concept of
biophilic design is often ambiguous and hardly defined as a single analytical standard,
as it is diversified and complex based on the respective researcher and the field and scale
of the application. Nevertheless, this study proposes a meaningful theoretical basis for
integrating the concepts of the Green New Deal and biophilia, and proposes a detailed plan
considering the scale of residential regeneration, along with the features of biophilia based
on the concept of biophilia practice. In future research, it is important to establish a system
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of guidelines that can ease constraints and limitations in the use of biophilic residential
regeneration strategies. It is further necessary to specify a strategy for biophilic residential
regeneration by considering the cultural characteristics of local residents, the environmental
features of local ecosystems, and the level of technology.
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Abstract: Background: The 6-min walk test (6MWT) is a simple, inexpensive, reliable, and repro-
ducible test that provides a reasonable estimate of the cardiorespiratory fitness (CRF). We aimed
to assess the reliability and reproducibility of a self-administered 6MWT in asymptomatic adults
using a free smartphone app. Methods: In the 1st phase, 93 participants underwent a supervised
6MWT (6MWTsup) in a 30 m indoor corridor, using a triaxial accelerometer and their smartphones
to compare the total step counts and to develop a 6-min walk distance (6MWD) prediction equa-
tion. In the 2nd phase, 25 participants performed the 6MWTsup and two self-administered 6MWTs
outdoors (6MWTsa1 and 6MWTsa2, at least 48 h apart) using a free smartphone app. Results: The
agreement between accelerometer- and app-based total step counts was limited (mean difference,
−58.7 steps (−8.7%): 95% confidence interval, −326.5 (−46.8%) to 209.1 (29.3%)). The best algorithm
for predicting the 6MWTsupm included: 795.456 + (0.815 heightm app-steps) − (1.620 ageyears) −
(3.005 weightkg) − (1.155 app-steps), R2 = 0.609). The intraclass correlation coefficient between
6MWTsa2 and 6MWTsa1 was excellent (0.91: 0.81–0.96). The coefficient of variation was 6.4%. The
agreement between the two self-administered tests was narrow (−1.9 (0.2%) meters: −57.4 (−9.5%)
to 61.3 (9.9%)). Conclusions: The self-administered 6MWT has excellent reliability and reproducibility
in asymptomatic adults, being a valuable tool for assessing CRF in community-based interventions.

Keywords: cardiorespiratory fitness; accelerometer; 6-minute walk test; physical activity level; health
and public health; app; applications

1. Introduction

Cardiorespiratory fitness (CRF) is one of the main domains of physical fitness. It refers
to the cardiovascular, metabolic, and respiratory systems’ ability to absorb, transport, and
consume oxygen during the long-term physical effort of moderate-to-vigorous intensity [1].
High CRF is associated with lower cardiovascular and all-cause mortality [2,3]. In contrast,
low CRF is considered one of the causes of diabetes mellitus, hypertension, coronary artery
disease, and several types of cancer [4]. CRF alone holds predictive value for cardiovascular
events, similar to the combination of classic cardiovascular risk factors [4]. CRF evaluation
is essential to predict and assess the prognosis of several diseases [5] and the prescription
of physical exercise and monitoring rehabilitation programs’ results [4]. Accordingly, CRF
has been considered a vital sign in cardiovascular health as a routine clinical practice
strategy [4]. However, if the administration of the maximum exercise test is not possible,
submaximal, and field tests—and even CRF estimation using prediction equations—must
be performed in environments with few resources. Despite the evidence, the evaluation of
CRF is yet to be incorporated as a routine strategy for screening cardiovascular risk.
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The 6-min walk test (6MWT) is a simple, inexpensive, reliable, and reproducible
test performed according to international standardization [6]. Initially, the 6MWT was
developed to assess patients with cardiorespiratory diseases; however, it has already been
validated in several diverse populations [7]. Furthermore, the 6MWT correlates consistently
with the maximum oxygen consumption (VO2max) both in patients with chronic diseases
and in asymptomatic adults [8], and has several reference values [7]. The test is usually
performed in a controlled environment [6] and has already been performed on thousands
of patients with chronic diseases without any report of serious cardiovascular events [9,10],
which suggests its safety. Therefore, the 6MWT provides a reasonable estimate of the CRF,
especially in people with non-severe chronic diseases.

The six-minute walk test may be helpful in healthy asymptomatic subjects for cardio-
vascular risk screening in the clinical practice [4], due to its low cost, easy application, and
performed in international standardization [6]. Furthermore, a walking distance below
96% of the predicted values can identify asymptomatic adults with low physical activity
levels [11] and cardiorespiratory fitness [12]. Thus, it can be an excellent strategy to reduce
the risk of cardiovascular disease.

The use of health applications (apps) has increased dramatically with the advent of
mobile technology devices, such as smartphones and tablets. Their low cost and ease of use
turned them into objects of epidemiological studies aiming at behavior changes through
goal-setting, self-monitoring, and performance feedback [13]. Moreover, the efficiency of
apps, combined with the ability to measure the distance covered by the Global Positioning
System (GPS) and the number of steps using accelerometers built into the devices, opens
up the possibility of using smartphone apps to self-administer the 6MWT. Thus, self-
assessment of CRF would enable better cardiovascular risk screening and information for
clinicians and primary care professionals. However, to the best of our knowledge, few
studies have investigated the reliability and reproducibility of self-administration of the
6MWT [14–16], mainly involving patients in rehabilitation who undergo routine treatment
with 6MWT and using paid apps. We are unaware of previous studies investigating the
reliability and reproducibility of a self-administered 6MWT in the general population using
a free smartphone app with a step-monitoring function.

Accordingly, this study aimed to assess the reliability and reproducibility of a self-
administered 6MWT in asymptomatic adults using a free smartphone app for step counting.

2. Materials and Methods

2.1. Sample, Recruitment, and Design

The first phase of the study comprised 93 asymptomatic participants aged between 30
and 70 years old, with non-relevant cardiorespiratory, metabolic, or locomotor disorders
that could preclude normal gait, as well as physical exercise. Participants should be
engaged in technology, i.e., they use smartphone devices. We recruited participants through
social networks, posters at regional universities, and local print media. Participants with
abnormalities found during exercise testing, which could prevent the performance of
unsupervised physical exercises, were excluded, such as an exam suggestive of myocardial
ischemia, potentially lethal arrhythmias, and hyper-reactive blood pressure responses. We
also excluded participants with spirometric abnormalities.

This phase’s objective was to develop a 6MWT distance prediction equation using
the number of steps performed and demographic and anthropometric attributes. The
second phase consisted of 25 participants performing a supervised 6MWT (6MWTsup),
and within the seven days after that, two more self-administered tests (6MWTsa) were
performed, either indoors or outdoors, and in a safe environment, using a free smartphone
app available at app stores. The study was submitted to, and approved by, the local Human
Research Ethics Committee. All participants signed an informed consent form related to
the study’s objectives, methods, benefits, and possible risks.
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The study participation was formalized by the signature of the free and informed
consent form. The research was approved by the ethic in research committee of the Federal
University of Sao Paulo, CEP/UNIFESP #1485/2017.

2.2. Application Choice

The researchers tested several free smartphone apps before starting the study; the most
popular apps with a step count function that worked on the most popular operating systems
(i.e., iOS and Android) were downloaded. In this list, we found applications such as Fitbit,
Apple Health, Google fit, MyFitnessPal, MapMyWalk, Runtastic, and Runkeeper, among
others. After a final meeting, we chose the app Pacer, mainly based on user ratings. Pacer
has 4.9 rating stars in the app store and was reported by researchers as the most attractive.
The researchers agreed with this choice due to some characteristics of the app mentioned
above, which are as follows: (1) its proper functioning on the two most popular operating
systems; (2) its accuracy in monitoring the number of daily steps; (3) the app’s several
gamification functions, such as goal setting, rewards, badges, progress bars, walking and
running rankings, and forming groups with their social network. Although not necessary
for the present study, these characteristics were decisive in stimulating technology to
increase physical activity and fitness. Therefore, we investigated the agreement between
the number of steps provided by the Pacer application and the triaxial accelerometer during
the supervised six-minute walk test. We used the equation developed in the first phase to
estimate the distance in the 6MWTsa performed with Pacer in the second phase.

2.3. Phase 1 Protocol

The phase 1 evaluation protocol was divided into two days, with a seven-day in-
terval. On the first day of the evaluation, the participants underwent an initial health
screening. After obtaining anthropometric measurements, we performed spirometry and
cardiopulmonary exercise testing. On the second day, participants performed the 6MWTsup
according to international recommendations [6].

2.4. Health Screening

We obtained from participants socio-demographic data (age, sex, schooling), health
history, and classic cardiovascular risk factors for cardiovascular diseases, such as current
smoking, obesity, high blood pressure, diabetes mellitus, dyslipidemia, and physical
inactivity. Those who reported less than 150 min/week of moderate to intense physical
activity or less than 75 min of intense physical activity per week were considered physically
inactive [17]. We measured height (cm) and body mass (kg) using a digital scale with a
stadiometer (Toledo™, Sao Paulo, Brazil) to calculate the body mass index (BMI) (kg/m2).
Obesity was considered when BMI ≥ 30 kg/m2.

2.5. Supervised 6MWT

After seven days, participants performed the 6MWTsup in an indoor 30 m hallway
under the supervision of two experienced examiners, following international recommen-
dations [6]. The participants used a triaxial accelerometer (ActiGraph GTX3x+, MTI,
Pensacola, FL, USA) to count the number of steps during the test. The participants simul-
taneously performed the 6MWTsup with their smartphones in their pocket to record the
total number of steps obtained in the Pacer app. We recorded the distance covered in the
6MWT (6MWD) and the total accelerometer and app-based step counts.

2.6. Phase 2 Protocol

Phase two comprised 25 participants for the cross-validation sample, and participants
performed a 6MWTsup in the same corridor adjacent to the laboratory, strictly equal to that
performed in phase 1 for the first study sample.
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2.7. Self-Administered 6MWT

The cross-validation sample (n = 25) performed two tests at least 24 h apart. We
instructed participants to measure baseline measurements of heart rate, perceived exertion,
and blood pressure. Heart rate was measured by a validated smartphone app [18], and
dyspnea and leg fatigue using the Borg scale [19]. We advised participants to use their own
devices or visit a health facility (pharmacy, hospitals, or health centers) on the day of the
test to measure their blood pressure.

For the test to be performed effectively, the participants were instructed to perform
the tests on a straight course and, preferably, going back and forth over 20 m, in an open
place with mild temperatures around 26 ◦C. The participants were also allowed to perform
the tests indoors, as long as the course was long enough and straight. All were instructed
to perform two 6MWTs in the same climatic conditions, time of day, and course.

The cardiopulmonary exercise test results, especially of the stress electrocardiogram,
were discussed previously to ensure the participants’ safety. Furthermore, four measure-
ments of blood pressure at rest in the seven days of the protocol were performed, which
allowed for rigorous screening of these participants with the cardiologist. All were advised
not to perform the tests if the heart rate was above 120 bpm and/or blood pressure above
150/100 mmHg. The 6MWTsa distances were estimated based on the equation developed
in phase 1 and then were compared to the 6MWTsup of phase 2.

2.8. Statistical Analysis

Statistical analysis was conducted using the statistical packages SPSS (IBM Corp.,
Armonk, NY, USA), version 23, and MedCalc (MedCalc Software Ltd., Ostend, Belgium),
version 14. The data are presented as mean ± standard deviation for continuous variables,
and counts/percentages for categorical variables.

2.8.1. Phase 1

The initial comparison was between the accelerometer- and app-based step counts
obtained in the 6MWTsup in the initial sample (n = 93). We compared means using
Student’s t-test. The reliability of the app was assessed by calculating the intraclass
correlation coefficient (ICC) and its 95% confidence interval (95%CI), and the coefficient
of variation (CV) of the mean difference to its standard deviation. We used the Bland
plots method [20] to investigate the agreement between accelerometer- and app-based
step counts by calculating the mean difference and its 95%CI against the average of the
two approaches.

We fit stepwise multiple linear regressions to predict the 6MWTsup distance based on
the total step counts and demographic (age and sex) and anthropometric (weight, height,
and BMI) variables. A sensitivity analysis was used to identify the main predictors with
linear models and a quadratic model, including age × age2. The potential of the variable
height × 0.41 and the interaction between height × number of steps was also investigated,
as previously suggested [14]. We used the same sensitivity analysis to compare the step
counts between the devices used (i.e., accelerometer vs. app). We found a stronger
correlation of the distance walked with the app-based step counts, compared with that
observed for the accelerometer-based counts. Because of the easier applicability of the
app-based step counts in real life, the best equation was developed based on the app-based
step counts. Considering an R2 of this equation around 0.50 in previous studies [21], the
statistical power of 80%, the alpha error of 0.05, and five predictors included in the analysis,
93 participants were needed to elaborate the equation in Phase 1 [22].

2.8.2. Phase 2

In a second cross-validation sample (n = 25), the 6MWTsup was conducted under
the same conditions to obtain the measured 6MWTsup distance. The Pacer app was used
to evaluate the measurement properties of the 6MWTsa. The first and second 6MWTsa
distances were estimated using the prediction equation developed in phase 1. We com-
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pared the distances using the paired Student’s t-test. The reliability of the 6MWTsa was
investigated by the ICC and 95%CI and by the CV. The reproducibility of the 6MWTsa was
evaluated by the Bland and Altman plot [23] comparing the second 6MWTsa (6MWTsa2)
and first 6MWTsa (6MWTsa1). We also investigated the agreement between 6MWTsa2 and
6MWTsup and 6MWTsa1 and 6MWTsup using the Bland and Altman method.

We considered the ICC values smaller than 0.5, between 0.5 and 0.75, between 0.75 and
0.9, and greater than 0.90 as indicative of weak, moderate, good, and excellent reliability,
respectively [20]. For CV, the values considered acceptable were lower than 12%. We set
the probability of alpha error for all tests at 5%.

3. Results

We evaluated 93 participants during phase 1 (39 men, 54 women). The participants
were, on average, middle-aged and overweight. Except for a higher proportion of obese
subjects and a slightly lower proportion of smokers, the other cardiovascular risk factors
remained similar to the general population in Brazil [24] (Table 1). Phase 2’s 25 participants
were significantly younger, predominantly male, and represented a lower proportion of
hypertensive and diabetic patients. However, they presented higher smoking and physical
inactivity ratios (Table 2).

Table 1. General characteristics of sample enrolled in phase 1 to develop the prediction equation for
six-minute walk distance (n = 93).

Variables
Males

(n = 39)
Females
(n = 54)

Total Sample
(n = 93)

Age (years) 42 ± 6 46 ± 11 44 ± 10
Weight (kg) 81.0 ± 17.7 70.4 ± 11.8 74.8 ± 15.4
Height (cm) 173 ± 6 59 ± 6 165 ± 9
BMI (kg/m2) 26.8 ± 4.4 27.6 ± 5.2 27.3 ± 4.9
Cardiovascular risk factors, n (%)

Arterial hypertension a 6 (15.4) 11 (20.4) 17 (18.3)
Diabetes a 2 (5.1) 8 (14.8) 10 (10.8)
Dyslipidemia a 6 (15.4) 11 (20.4) 17 (18.3)
Obesity 8 (20.5) 16 (29.6) 24 (25.8)
Current smoking a 3 (7.7) 7 (13) 10 (10.8)
Physical inactivity 4 (10.3) 3 (5.6) 7 (7.5)

Six-minute walk distance (m) 670 ± 65 602 ± 81 633 ± 81
Step counts (accelerometer) 767 ± 84 758 ± 76 762 ± 79
Step counts (application) 721 ± 112 686 ± 111 704 ± 112

Data were expressed as mean ± standard deviation of frequency (%). BMI: Body Mass Index. a: cardiovascular
risk factor self-reported.

The distance covered in the 6MWTsup was significantly correlated with age, height,
BMI, accelerometer-based step counts, and app-based step counts. Although it did not
reach statistical significance, weight presented a weak correlation with 6MWTsup (Table 3).
After stepwise multiple regression analysis, the interaction between height and app-based
step counts, age, weight, and app-based step counts was the main predictor of 6MWDsup,
explaining almost 61% of outcome variability (Table 4).

The mean difference between measured and estimated 6MWD calculated using the
equation developed in phase 1 was only −2.1 m (0.6%) with a 95% confidence interval
(95%CI) from −110.4 (−17.4%) to 106.2 (16.1%) (Figure 1a,b). The correlation between
values was strong (r = 0.77; p < 0.001; R2 = 0.59). The ICC was good (0.855: 0.671–0.936), as
was the CV (6.1%). Although it did not reach statistical significance, the mean values of
6MWD tended to be positively correlated with the mean difference (p = 0.07).

The agreement between accelerometer- and app-based total step counts during the
6MWTsup was limited (mean difference, −58.7 steps (−8.7%): 95% confidence interval,
−326.5 (−46.8%) to 209.1 (29.3%)) (Figure 2a,b). The correlation between the two measure-
ments was non-significant (r = 0.13; p = 0.832) and the CV was higher than 12% (16.4%).
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Table 2. General characteristics of the sample used for cross-sectional validation (n = 25).

Variables
Males

(n = 16)
Females
(n = 9)

Total Sample
(n = 25)

Age (years) 38 ± 8 41 ± 10 36 ± 9
Weight (kg) 88.6 ± 18.4 70.2 ± 13.5 82.0 ± 18.8
Height (cm) 176 ± 6 162 ± 5 171 ± 9
BMI (kg/m2) 28.4 ± 5.0 26.6 ± 5.0 27.8 ± 5.0
Cardiovascular risk factors, n (%)

Arterial hypertension a 2 (12) 0 (0) 2 (8)
Diabetes a 0 (0) 0 (0) 0 (0)
Dyslipidemia a 3 (18) 3 (33) 6 (24)
Obesity 3 (18) 2 (22) 5 (20)
Current smoking a 3 (18) 1 (11) 4 (16)
Physical inactivity 4 (25) 5 (55) 9 (36)

Six-minute walk distance (m) 663 ± 79 640 ± 69 648 ± 84
Step counts (accelerometer) 754 ± 105 761 ± 93 754 ± 98
Step counts (application) 707 ± 112 644 ± 138 680 ± 123

Data were expressed as mean ± standard deviation of frequency (%). BMI: Body Mass Index. a: cardiovascular
risk factor self-reported.

Table 3. Correlation matrix between the distance covered in the supervised 6MWT (6MWD), demo-
graphic, anthropometric attributes and the total number of steps performed in the test (n = 93).

Variables
6MWD

(m)
Age

(years)
Height

(cm)
Weight

(kg)
BMI

(kg/m2)
Accelerometer-Based

Step Counts
App-Based

Step Counts

6MWD (m) r 1 −0.499 ** 0.459 ** −0.166 −0.512 ** 0.350 ** 0.351 **
p 0.000 0.000 0.073 0.000 0.000 0.003

Age (years) r −0.499 ** 1 −0.427 ** −0.124 0.155 −0.215 * −0.021
p 0.000 0.000 0,180 0.094 0.020 0.864

Height (cm) r 0.459 ** −0.427 ** 1 0.505 ** −0.091 −0.130 0.061
p 0.000 0.000 0.000 0.327 0.162 0.611

Weight (kg) r −0.166 −0.124 0.505 ** 1 0.805 ** −0.378 ** 0.016
p 0.073 0.180 0.000 0.000 0.000 0.894

BMI (kg/m2) r −0.512 ** 0.155 −0.091 0.805 ** 1 −0.347 ** −0.032
p 0.000 0.094 0.327 0.000 0.000 0.792

Accelerometer-based
step counts r 0.350 ** −0.215 * −0.130 −0.378 ** −0.347 ** 1 0.025

p 0.000 0.020 0.162 0.000 0.000 0.834
App-based
step counts r 0.351 ** −0.021 0.061 0.016 −0.032 0.025 1

p 0.003 0.864 0.611 0.894 0.792 0.834

* p < 0.05; ** p < 0.01; BMI: Body Mass Index.

Table 4. Predictive model for six-minute walk distance.

Variables Unstandardized Coefficients Standardized Coefficients 95% Confidence Interval of B

B Standard Error Beta Partial R2 ΔR2 p Lower Limit Upper LIMIT

Constant 795.456 593.820 0.000 676.021 914.891
Heightm × app-based step counts 0.815 0.121 2.114 0.230 0.230 0.000 0.574 1.056

Age (years) −1.620 0.754 −0.185 0.348 0.119 0.035 −3.125 −0.115
Weight (kg) −3.005 0.482 −0.597 0.437 0.088 0.000 −3.967 −2.042

App-based step counts −1.155 0.214 −1.634 0.609 0.172 0.000 −1.583 −0.727

Model R2 = 0.609; Standard error of estimate = 51.3 m. App-based step counts: total number of steps obtained
through smartphone app at the end of six-minute walk test.

In phase 2 of the study, the self-administered 6MWD showed excellent reproducibility.
The 6MWTsa2 was less than two meters different from the 6MWTsa1 (mean difference,
1.94 ± 30.27 m; p 0.761), and the difference was normally distributed. Confidence limits
were shallow in 22 of 25 participants and were less than 10% (Figure 3a,b). The correlation
between the mean difference and the mean values was not significant. Reliability between
measurements was also excellent (ICC, 0.91: 95%CI, 0.81–0.96; CV = 6.4%).
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Figure 1. Bland and Altman graphic method with limits of agreement and 95% confidence interval
(95%CI) between the measured and estimated six-minute walk test (6MWT) using the equation
developed in the present study (Phase 1). (a) absolute values; (b) percentage values.

Figure 2. Bland and Altman graphic method with limits of agreement and 95% confidence inter-
val (95%CI) between the accelerometer- and app-based number of steps during the supervised
six-minute walk test in 93 subjects enrolled in Phase 1 of the present study. (a) absolute values;
(b) percentage values.

The 6MWTsa1 was not significantly different from the 6MWTsup (mean difference,
1.68 ± 61.00 m; p = 0.894). The reliability of this evaluation was moderate (ICC, 0.75: 95%CI,
0.42–0.89; CV = 27.5%). The confidence limits were acceptable around 19%, but with a
significant negative correlation between the mean difference and the mean values, i.e., the
6MWDsa1 overestimated the results of the subjects who took fewer steps and underesti-
mated the ones who took more steps (Figure 4a,b).
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We observed similar results for 6MWDsa2 as above mentioned. Although the mean
difference was not statistically significant (3.64 ± 60.57 m; p = 0.776), reliability was
considered good (ICC, 0.79: 95%CI, 0.50–0.91; CV = 6.0%). Confidence limits of agreement
were acceptable, lower than 19%, but with a significant negative correlation similar to that
described for the 6MWTsa1 (Figure 5a,b).

Figure 3. Bland and Altman graphic method with limits of agreement and 95% confidence interval
(95%CI) between the distance walked estimated by the number of steps and demographic and
anthropometric attributes in the second self-administered six-minute walk test (6MWTsa2) and first
(6MWTsa1). (a) absolute values; (b) percentage values.

Figure 4. Bland and Altman graphic method with limits of agreement and 95% confidence interval
(95%CI) between the distance walked estimated by the number of steps and demographic and
anthropometric attributes in the first self-administered six-minute walk test (6MWTsa1) and the
supervised six-minute walk test distance (6MWT). (a) absolute values; (b) percentage values.
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Figure 5. Bland and Altman graphic method with limits of agreement and 95% confidence interval
(95%CI) between the distance walked estimated by the number of steps and demographic and
anthropometric attributes in the second self-administered six-minute walk test (6MWTsa2) and the
supervised six-minute walk test distance (6MWT). (a) absolute values; (b) percentage values.

4. Discussion

This study showed the excellent reliability and reproducibility of the self-administered
6MWT in asymptomatic adults using a free-of-charge smartphone app. Although the re-
sults were less consistent, the self-administered tests also managed to estimate the accurate
distance covered in the 6MWT in a wide range of physical fitness without significant differ-
ences. These results were observed despite the low accuracy of the number of steps quanti-
fied by the smartphone concerning the direct reference method, i.e., triaxial accelerometer.
Nevertheless, demographic, anthropometric attributes, and the interaction between height
and app-based step counts ensured greater validity of the proposed estimates.

The main finding was the excellent reliability and reproducibility of 6MWDsa2
with 6MWDsa1. Reliability measures (ICC = 0.91: 0.81–0.96; CV = 6.4%) were excel-
lent and the confidence limits were narrow, below 10% bias. Our results for asymptomatic
adults are even more consistent than those previously described for heart failure pa-
tients [14] and cancer [15]. Brooks et al. [14] evaluated patients with heart failure in
a very similar design to our study. The reliability of the measurements was also high
(ICC = 0.88, 95% = 0.77–0.98, IC = 4.7%) after performing the self-administered 6MWT per
week (3.2 ± 1.0). The mean difference between the distances was only 7.6 ± 26 m and was
less than 15% in 100% of the patients evaluated in Brooks et al. [14]. Through a similar
equation and involving the interaction between height and app-based step counts, we
observed a mean difference of only 1.94 ± 30.27 m, less than 10% in 96% of cases. These
results are encouraging. Our study also presents the advantage of a free app available in the
two largest app stores, with good functionality in both iOS and Android systems. We were
unable to find the app SA-6MWT to be downloaded, which is the one used in the study by
Brooks et al. [14]. Douma et al. [15] used an app also available free of charge (Walkmeter)
for self-administration of 6WMT. Reliability values were adequate (ICC = 0.88: 0.74–0.94),
unlike the limits of agreement that were limited; lower agreement can be attributed to the
fact that the distance traveled in the self-administered tests was quantified with GPS signal
since the used app does not have measurements of the number of steps. The results indicate
that the self-administration of the 6MWT is promising in patients and asymptomatic adults
and that the number of steps, combined with demographic and anthropometric attributes,
can improve the effectiveness of this strategy [25].

Regarding the reliability and agreement of 6MWDsa with 6MWDsup, our results
were less consistent than those mentioned above. However, the equation developed in
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our study was able to estimate the 6MWDsa without statistically significant differences
for 6MWDsup. The 6MWDsa1 was only 1.68 ± 61.00 m higher than 6MWDsup, while
the 6MWDsa1 was 3.64 ± 60.57 m higher. The reliability of the 6MWDsa2 was also good
(ICC, 0.79: 95%CI, 0.50–0.91; CV = 6.0%). The limits of agreement were lower than 20%.
The results of Brooks et al. [14] were similar to 91% of patients showing differences of
less than 15%. These limits of reliability are within what is considered acceptable. Again,
the use of GPS in the study by Douma et al. [15] in cancer patients showed limitations
to the actual estimation of 6MWD in supervised testing. However, both in our study
and Brooks et al. [14], there was a correlation between the mean difference and the mean
values of the 6MWD, indicating bias in physical fitness extremes. Our results indicate
that the equation developed underestimates the real 6MWD, especially in those with a
higher CRF level who took more steps during the 6MWT. Similar results were described
for another physical activity monitor, with overestimation at lower walking speeds and
underestimation at higher speeds [26]. Our equation should thus be used with caution in
fitter individuals.

Our results suggest that the 6MWDsa assessed in this study is very precise, considering
its excellent reproducibility; however, its accuracy is limited, especially in individuals with
more significant physical fitness. However, we can suggest the great practical applicability
of our results. High CRF is a vital health index [2,3], and the VO2max measurement is
the only index capable of increasing the predictive power of cardiovascular risk scores
containing classic risk factors [4]. Adding CRF to traditional risk factors means reclassifying
the risk of poor health outcomes. Even globally used and recognized cardiovascular risk
scores such as Framingham’s can be improved with CRF in the prediction model [27].
The justification for the non-inclusion of CRF in cardiovascular event prediction models
lies in its need for sophisticated equipment and highly trained human resources make it
challenging to use on a large scale. However, clinical field tests such as the 6MWT can make
this assessment more feasible in the clinical and public health environment. The literature,
although still controversial, shows that VO2max can be estimated through 6MWD, both
in patients with chronic diseases and in asymptomatic individuals [5,8]. Although the
accuracy of the 6MWD estimate of the present study may be questioned, we still suggest
that the proposed strategy is valid. If we are unable to measure VO2max, it is recommended
to use submaximal tests, field tests, and even estimates without exercise [4]. The latter
presents an error in the VO2max estimate around 2.98 to 6.90 mL/min/kg, similar to
the error described for submaxims [28]. Regardless of the questionable accuracy of these
CRF prediction equations, two of them—by Jurca et al. [29] and Nes et al. [30]—showed a
reduction in the risk of long-term mortality [31,32], as well as reduction of cardiovascular
risk compatible with the reduction described for the direct CRF measurement [33]. Thus,
our strategy can be useful for the periodic evaluation of CRF and places it as a vital sign in
the clinical environment and public health [4].

Our results indicated the app’s tendency to underestimate the actual number of
steps performed (8.7%; 58.7 steps). Our results are following the previously described.
Green et al. [21] compared the number of steps quantified by smartphone apps, both iOS
and Android, with the direct visual measurement evaluated by video at three treadmill
walking speeds (2.5, 5, and 7.7 km/h). The biases described were 9%, 5.5%, and 12.8%,
respectively. There were no significant differences between the various smartphone brands.
Considering that the 6MWD of asymptomatic adults varies between 450 and 790 m, which
corresponds to speeds between 4.5 and 7.9 km/h, our results were very similar to those
described by Green et al. [21]. The literature shows that the different apps’ algorithms
influence the measurements more than the smartphone brand.

Some limitations of our study must be addressed. Our cross-validation sample pre-
sented some distinct characteristics of the sample used to elaborate the 6WMD prediction
equation, due to our convenience sample. Also, we used the available sample at our
convenience for the cross-validation phase. Even though we did not calculate a sample size
a priori, we used the MedCalc software version 14 to calculate the mean difference and its
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standard deviation, and the maximum allowed difference for a sample size of 25 as in the
present study. Considering the best scenario of a mean difference of zero and a standard
deviation of the mean difference of 53 m in our previous experience in asymptomatic
subjects [12], we found the maximum allowed difference of 170 m. This distance traveled
is much larger than found in our 6MWDsa2 vs. 6MWDsa1 Bland and Altman plot (61.3 m),
and even more extensive than our worse result of 122.4 m. Thus, we are confident that
our limits of agreement support our conclusions. Nevertheless, our results were valid,
and we believe them to be helpful in both cases. Regarding measurement properties, the
responsiveness of the 6MWTsa was not evaluated in this study, as well as in previous
studies. Therefore, this property, both in apparently healthy people and in patients with
chronic diseases, remains unknown. Nonetheless, given the excellent responsiveness of the
supervised 6MWT, including the minimum clinically relevant distance available, we can
expect the 6MWT to have good responsiveness. We also performed the 6MWTsup in the
25 participants in the cross-validation section. Thus, they could have learned how to do
the 6MWT correctly. However, whether our results can be applied to an utterly naïve app
user remains unknown. Finally, considering the increase in cardiovascular health problems
in people under 40 years of age, we decided to include younger adults between 30 and
39 years of age who presented lower cardiovascular risk and higher CRF, which may have
contributed to underestimating 6MWT by the equation developed.

This study presents considerable potential. To the best of our knowledge, this is the
first study to evaluate the measurement properties of the self-administered 6MWT in a
sample of asymptomatic adults, which allows us to suggest the use of this strategy in
primary care in CRF monitoring and health promotion programs. We also developed the
equation of predicting 6MWD in a sufficient sample of individuals, which increases the
internal validity of our results. Additionally, our study used a free app with optimal func-
tionality on the two most popular smartphone operating systems, unlike the unavailable
app developed by Brooks et al. [14] and the free app lacking step count monitoring as
investigated by Douma et al. [15].

Our results present great practical applicability. The incremental and symptom-limited
CPET requires sophisticated, expensive equipment and requires highly skilled staff. Al-
though the incremental walk test is a field test, it has the characteristic of controlled speed,
which allows exercise at high and even maximum intensity in the asymptomatic popula-
tion [7]. The 6MWT, in turn, presents extensive validity, reliability, reproducibility, and
responsiveness determined in the literature [6,34]. The test has been widely used to monitor
the progression of functional exercise capacity and the results of several interventions [4].
Thus, the self-administration of this test would allow the self-monitoring of several mor-
bidities and chronic diseases. Because it is a submaximal test, it has already been applied to
thousands of patients with severe diseases without reports of adverse effects and non-fatal
or fatal events [4]. Probably because of this, the 6MWT is less intimidating in more severe
health conditions [35]. Therefore, the self-administered 6MWT is promising in achieving
the AHA (American Heart Association) objectives to include periodic evaluation of CRF
definitively as a vital sign in the clinical environment.

5. Conclusions

We can conclude that the self-administration of the 6MWT in asymptomatic adults
using a smartphone app is valid and presents excellent reliability and reproducibility. This
strategy may be useful for the periodic evaluation of CRF in the clinical environment and
in primary care. However, our results suggest that the 6MWT should be used with caution
in people with higher CRF.
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