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Purpose: This study aims to develop and validate a health promotion behavior scale that reflects the lifestyle changes driven by the
COVID-19 pandemic and the increased use of digital devices among young adults.

Methods: Questions were selected using a literature review and validated by a group of experts. The sample consisted of 446 young
adults aged 19-29 years living in South Korea who agreed to participate in the study and were surveyed online using Google Forms on
September 19 and 20, 2022. Construct validity was confirmed by exploratory and confirmatory factor analyses; reliability was tested
using Cronbach’s o, and interrater validity was confirmed with the Health Promoting Lifestyle II (HPLP-II) instrument.

Results: After conducting an item analysis of 49 preliminary items and an exploratory factor analysis, six factors and 27 items were
selected. The six factors were named psychosocial health, personal hygiene, dietary habits, health care, using mobile devices, and
physical activity. The confirmatory factor analysis verified the model fit, convergent validity, and discriminant validity. The correlation
coefficient with the Health Promoting Lifestyle II (HPLP-II) instrument was 0.69, confirming criterion validity, and the reliability of
the final instrument was high (Cronbach’s a = 0.90).

Conclusion: The validity and reliability of the developed scale were confirmed. The scale can be used to measure the health
promotion behavior of young adults in light of the lifestyle changes driven by the COVID-19 pandemic and the increased use of digital
devices. We hope that future studies will use the tool as a basis for improving the health promotion behavior of young adults.
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Introduction
Health promotion behavior is an essential component of preventing disease and improving quality of life, and therefore,
a central concept in the field of public health." Exercise, diet, and the management of stress caused by a person’s lifestyle
influence health promotion behavior, but so do changes in the living environment.” For example, the outbreak of SARS-
CoV-2 in December 2019 changed the daily lives of people worldwide. After the COVID-19 pandemic was officially
declared by the World Health Organization (WHO), health authorities recommended the public to adopt social distancing
and minimize interpersonal contact as preventive measures.” With the rapid development of information technology,”
contact-free digital tools have begun to be adopted not only for work and study but also for relaxation and leisure.’
However, the rising use of digital technology has led to negative psychological health outcomes, decreased physical and
social activity, and health problems related to sleep and eating habits.® A study of preventive clinical interventions for
health problems associated with the overuse of digital devices found that in addition to mental health problems such as
depression and anxiety, new health problems have emerged, including reduced physical activity, musculoskeletal
problems, eye disease, and developmental abnormalities.’

While recent research has focused on exploring the current state of health issues because of the major threat to public
health posed by the COVID-19 pandemic, future research should focus on health issues in the post-pandemic period,
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including the improvement of health promotion and prevention of newly emerging diseases. Pender’s Health Promotion
Model (HPM) is widely used as a conceptual framework for predicting a particular behavior, such as health-promoting
lifestyle activities and exercise.® The Health Promoting Lifestyle II (HPLP-II) measures six areas—health responsibility,
physical activities, nutrition, interpersonal relationships, spiritual growth, and stress management—and was developed to
validate the HPM.? According to Pender,'® the self-directed perception of human-environment interaction patterns is
essential for behavioral change. Correspondingly, Heo and Jang'' reported that, since the COVID-19 pandemic, the
intergenerational factors affecting human-environment interaction among young adults should inform health promotion
policies; furthermore, the online lifestyle of and new health perceptions in younger generations must be considered in the
context of health promotion and management.

Accordingly, a measurement tool that can analyze, predict, and verify the effectiveness of health promotion
behavior in the new post-pandemic era is needed. In particular, people in their twenties (young adults hereafter)
have been accustomed to using mobile devices such as laptops, tablets, cell phones, and wireless earbuds in all aspects
of daily life since birth.® Further, this segment of the population is expected to adapt to global changes faster than other
generations, making it necessary to develop a valid tool that accounts for their lifestyle and characteristics. Young
adults perceive health in terms of not only physical and mental well-being but also optimal productivity, that is, for
self-control and self-care, consequently indicating the need for a broader conceptualization of health-promoting
behaviors."!

Against this backdrop, we aimed to develop and validate a post-pandemic health promotion behavior (PP-HPB) scale
that reflects the lifestyles of young adults and measures their health promotion behavior. We subsequently verified the
reliability and validity of the PP-HPB scale among a sample of young adults in South Korea.

Materials and Methods

Study Design

To develop the PP-HPB scale and verify its reliability and validity, we followed the eight-step scale development
guidelines outlined by DeVellis and Thorpe.’

Conceptual Framework

We established a conceptual framework based on (a) the components of the HPLP-II, a widely used tool for measuring
health-promoting behaviors; (b) the traditional concept of health-promoting behaviors used in the literature; and (c) post-
pandemic health promotion guidelines disseminated by health-related organizations worldwide, including the Korean
Disease Control and Prevention Agency (KDCA), US Centers for Disease Control and Prevention (CDC), and WHO.
Additionally, the framework (Figure 1) included situational predictors based on the changed lifestyle patterns and health
concepts of young adults, as discussed in Heo and Jang’s work.""

Traditional Concept Situational Influences
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Figure | Conceptual framework for the study.
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Formulating the Preliminary Questions

To select the preliminary questions for the PP-HPB scale, we reviewed the health behavior factors examined in previous
studies. Several databases, including CINAHL, PubMed, EBSCO, RISS, KISS, DBpia, and Google Scholar, were used to
review the Korean and international literature. Search terms such as “Health”, “Promotion”, “Behavior”, and “Lifestyle”
were used in combination. Based on 16 existing tools for measuring health-promoting behaviors among different age
groups—including adolescents, college students, adults, and older adults—and two qualitative studies pertaining to post-
pandemic lifestyle patterns, we identified 10 factors, for which we developed 159 questions in total. These 10 factors
were termed dietary habits, physical activity, health responsibility, self-reflection and realization, emotional management,
interpersonal relationships, rest and sleep, personal hygiene, using mobile devices, and self-management. The three
researchers reviewed, revised, and deleted the items that were redundant or applicable to multiple factors, and 98
preliminary items were selected in the first round.

Content Validity

Two rounds of expert validation were conducted to examine the content validity of the 10 factors and 98 preliminary items. The
first content validity test was conducted by a group of four nursing professors, who reviewed the suitability of the content and
factors for measuring health promotion behavior in light of the lifestyle changes following the COVID-19 pandemic. They were
asked to rate each item on a 4-point scale from 1 (not at all valid), 2 (not valid), 3 (valid), to 4 (very valid). Those who gave ratings
of 1 and 2 were asked to suggest modifications. Further, for those gave ratings of 3 and 4, we calculated an item-content validity
index (I-CVI). As a result, the average scale-level CVI (S-CVI) was 0.71 and the I-CVI ranged from 0.25 to 1.00.

After checking the experts’ consensus for the 10 factors of health promotion behavior, we found that the I-CVI was
below 0.80 for the factors of self-reflection and realization, interpersonal relationships, using mobile devices, and self-
management. Therefore, we combined interpersonal relationships, self-management, and self-reflection and realization
into the factor of emotional management. Although using mobile devices had an initial I-CVI value of 0.5, which is
below the threshold criterion, it was retained because it is an important factor reflecting the lifestyle patterns of young
adults today. At the item level, the three researchers reviewed items with an I-CVI value below 0.80, merged overlapping
items, and modified and deleted sentences. This process resulted in seven factors and 49 items, which were subjected to
a second round of expert validation.

The expert group for the second content validity test consisted of two of the nursing professors who participated in the
first round, one nursing professor who did not, and two physicians practicing outpatient care. In the second round, the
average S-CVI was 0.96 and the I-CVI values ranged from 0.67 to 1.00. Items with an I-CVI below 0.80 were reviewed
by the three researchers; some were revised and deleted. The item “I spend 2 hours or less sitting except for study or
work”, which had an I-CVI value below 0.8, was retained without modification, as it met the criteria proposed by Koh,
which were based on the physical activity guidelines for Koreans published by the Ministry of Health and Welfare.'” We
also checked the inter-expert agreement for the seven factors and found an [I-CVI of 1.0 for each.

Next, we constructed a preliminary set of questions for the survey based on these seven factors, including 10
questions on dietary habits, five questions on personal hygiene, eight questions on interpersonal relationships and
emotional management, six questions on using mobile devices, five questions on physical activity, 11 questions on
health responsibility and self-management, and four questions on rest and sleep. To check the usefulness of the tool and
eliminate difficult words and ambiguous questions, we assessed face validity with three adults aged 19-29 years. The
three adults had no difficulty responding to any of the questions and took less than 10 minutes to complete the survey; the
I-CVI value was 1.00. Hence, all 49 questions were included as is.

Selection of the Final Tool and Response Format

The final instrument consisted of 49 items and the response format was a Likert scale, which is often used to measure
attitudes. The absence of a midpoint in Likert scale responses forces a positive or negative response to questions.'' This
scale seeks to understand respondents’ general attitudes, not the knowledge or existence of unpredictable conditions;
therefore, a 5-point Likert scale with a midpoint was used to prevent the distortion of responses (1 = strongly disagree, 5 =
strongly agree).
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Evaluation of the Tool

Participants and Data Collection

This study targeted adults aged 19-29 years living in South Korea and excluded those who did not agree to participate.
Participant recruitment was conducted on September 19 and 20, 2022 after approval by the Institutional Review Board of
the investigator’s institution. We used Google Forms to collect data from an unspecified number of people using Internet
bulletin boards and social networking sites. The sample size was calculated based on DeVellis and Thorpe’s® guideline,
which recommends that five to ten times the number of items in a factor analysis are needed to obtain reliable factors for
tool development, and Hair et al'* criterion, wherein a minimum sample size of 100-150 is needed for confirmatory
factor analysis (CFA). Data were collected from 520 respondents after accounting for dropouts, and the data of 446
respondents were used for the analysis after excluding 74 missing values and duplicate responses.

Tool for Verifying Criterion Validity

The Health Promoting Lifestyle Profile 11 (HPLP-II) was developed by Walker et al to supplement the original Health
Promoting Lifestyle Profile." It was adapted and modified by Yun and Kim'* for the South Korean context, which we
used to verify the criterion validity of the tool developed in this study. The HPLP-II consists of 52 items across six
factors. These 52 items were adapted without modification by Yun and Kim'* and are grouped into: interpersonal
relationships (nine items), nutrition (nine items), health responsibility (nine items), physical activity (eight items), stress
management (eight items), and spiritual growth (nine items). The participants were asked to rate themselves on a 4-point
Likert scale ranging from “never” to “always” on the extent to which they practice a health-promoting lifestyle. The
Cronbach’s a values were 0.94 for Walker et al'* 0.91 for Yun and Kim,'* and 0.95 in this study.

Reliability and Validity Assessment

The collected data were analyzed using SPSS 27.0 and AMOS 27.0. The general characteristics of the sample were
analyzed using frequency analysis and descriptive statistics, and construct validity was tested using exploratory factor
analysis (EFA) and CFA. Prior to conducting the EFA, the means, standard deviations, skewness, and kurtosis of the 49
items were analyzed, and items that did not meet West et al criteria of skewness of 2 or less and kurtosis of 7 or less were
removed.'> We also checked the corrected item-total correlation coefficient and deleted items with a coefficient of 0.30 or
less.'® Thereafter, the Kaiser-Meyer—Olkin (KMO) test (p > 0.05) and Bartlett’s test of sphericity (p < 0.05) were
conducted to confirm the adequacy of the EFA, and principal component analysis was performed using the Varimax
orthogonalization method with an eigenvalue of 1.!” The numbers of the items and factors were determined based on the
following criteria: commonality of 0.40 or higher, factor loading of 0.40 or higher, and average variance extracted (AVE)
of 60% or higher. A CFA was conducted on the selected factors, and the model fit was checked using normed chi-square
(*)/degrees of freedom (df) as well as three goodness-of-fit indices: root mean square residual (RMR), root mean square
error of approximation (RMSEA), and standard root mean square residual (SRMR). Moreover, convergent validity,
which checks the consistency of the items explaining the factors, was tested by analyzing whether the criteria of f > 0.50,
AVE > 0.50, and construct reliability (CR) > 0.70 were met. In addition, discriminant validity was tested by fulfilling the
two criteria of AVE >1? and (r + 2 * SE) # 1 to ensure that the factors measured different concepts.'® Finally, Cronbach’s
a coefficients were used for measuring internal consistency reliability, while correlations with the HPLP-II instrument

were conducted to assess convergent validity.

Ethical Considerations

This study was approved by the Institutional Review Board of the investigator’s institution (jjIRB-220421-HR-2022-
0410). In accordance with the Declaration of Helsinki, the participants were provided with an explanation of the purpose,
procedures, and methods of the study and the time required for participation. They were also informed about the potential
benefits and risks and compensation associated with participation in the study, and matters concerning personal
information and withdrawal from the study. The collected data did not contain personal information that could be used
to identify the participants, and were coded and used only for research purposes.
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Results

Sample Characteristics

The mean age of the 445 respondents was 25.55 + 2.42 years; 142 (31.9%) were under the age of 25 and 303 (68.1%)
were 25 or older, with 150 (33.7%) men and 295 (66.3%) women. In terms of occupation, 172 (38.7%) were college or
graduate students; 169 (38.0%), office workers; 46 (10.3%), service workers; 21 (4.7%), field workers; 9 (2.0%), self-
employed; 19 (4.3%), freelancers; and 9 (2.0%) unemployed. The respondents’ education level was as follows: 17 (3.8%)
with a high school diploma or less, 414 (93.0%) in college or university, and 14 (3.1%) with a graduate degree or higher.
In the sample, 111 (24.9%) participants had a monthly income under KRW 1 million; 100 (22.5%) participants, KRW 1—
2 million; 210 (47.2%) participants, KRW 2-3 million; and 24 (5.4%), no income.

Further, 165 (37.1%) lived alone, 253 (56.3%) lived with their family, and 27 (6.1%) lived with friends or
colleagues. In terms of sleep, 254 (57.1%) slept regularly and 191 (42.9%) slept irregularly. One hundred thirty-
three (29.9%) participants rated their health as good, 277 (62.2%) as fair, and 35 (7.9%) as poor. In total, 218 (49%)
participants indicated they were well rested and 227 (51%) indicated they were not. The participants spent an average
of 6.56 + 3.28 hours per day on their mobile devices, with 244 (54.8%) spending less than 6 hours and 201 (45.2%)
spending more than 6 hours; they spent an average of 6.47 = 3.91 hours per day lying or sitting, with 245 (55.1%)
spending less than 6 hours and 200 (44.9%) spending more than 6 hours. Table 1 presents the characteristics of the
sample.

Exploratory Factor Analysis
An EFA was conducted with 245 randomly selected responses. Further, we calculated the means, standard deviations, and
skewness and kurtosis values of the 49 preliminary questions. Skewness values ranged from —1.15 to 0.92 and the scores

Table | Health Promotion Behavior Based on the Sample’s Demographic Characteristics

EFA CFA Total PP-HPB Scale (n = 445)
(n = 245) (n =200) (n = 445)
n % n % n % Mt SD torF p
(Mt SD) (Mt SD) (M tsSD)
Age Younger than 25 82 335 60 30.0 142 319 3.32 £ 0.46 0.24 0.87
25 or older 163 66.5 140 70.0 303 68.1 3.32 £ 051
(25.51 + 2.45) (25.60 * 2.38) (25.55 + 2.42)
Gender Male 83 339 67 335 150 337 3.32 £ 0.56 -0.09 0.92
Female 162 66.1 133 66.5 295 66.3 3.32 £ 0.46
Occupation Undergraduate, graduate 96 39.2 76 38.0 172 387 3.29 £ 0.47 4.14 < 0.001
student (a)
Office worker (clerical) (a) 93 38.0 76 38.0 169 38.0 342 £ 051 a>b
Office worker (service) (a) 25 10.2 21 10.5 46 10.3 324 £ 043
Office worker (field) (a) 12 49 9 4.5 21 4.7 3.17 £ 0.52
Self-employed (a) 5 2.0 4 2.0 9 2.0 349 £ 0.62
Freelancer (a) 10 4.1 9 45 19 43 3.25 £ 0.50
None (b) 4 1.6 5 25 9 20 277 £ 037
Education High school graduate or less 12 4.9 5 25 17 38 3.07 £ 041 2.50 0.08
Attending or graduated from 226 92.2 188 94.0 414 93.0 3.33 £ 0.50
college
Graduate school or higher 7 29 7 35 14 3.1 342 £ 045
(Continued)
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Table | (Continued).

EFA CFA Total PP-HPB Scale (n = 445)
(n = 245) (n =200) (n = 445)
n % n % n % M tSD torF p
(M = SD) (M xsSD) (M = sSD)
Monthly income Less than KRW | million 63 25.7 48 24.0 11 249 324 £ 046 2.59 0.05
KRW 1-2 million 59 24.1 41 20.5 100 225 3.28 + 0.49
KRW 2-3 million 114 46.5 96 48.0 210 47.2 3.39 £ 0.50
No income 9 37 15 7.5 24 54 327 £0.52
Living status Living alone 82 335 83 41.5 165 37.1 331 £0.50 1.89 0.15
Family 148 60.4 105 52.5 253 56.9 3.34 £ 049
Friend or colleague I5 6.1 12 6.0 27 6.1 3.15 £ 0.50
Sleep Regular 142 58.0 112 56.0 254 57.1 3.50 £ 0.46 9.77 < 0.001
Irregular 103 420 88 44.0 191 429 3.08 + 0.43
Health status Good a 8l 33.1 52 26.0 133 29.9 3.68 + 0.44 77.99 < 0.001
Fair b 142 58.0 135 67.5 277 622 321 £ 041 a>b>c
Poor ¢ 22 9.0 13 6.5 35 79 2.84 + 0.45
Level of rest Well-rested 122 49.8 96 48.0 218 49.0 3.57 £ 0.44 11.90 < 0.001
Not well-rested 123 50.2 104 52.0 227 51.0 3.08 + 0.42
Mobile use time (per day) 6 hours or less 140 57.1 104 52.0 244 54.8 334 £ 044 0.88 0.38
More than 6 hours 105 429 96 48.0 201 45.2 3.30 £ 0.55
(6.51 + 3.34) (6.62 + 3.22) (6.56 + 3.28)
Time spent lying or sitting 6 hours or less 138 56.3 107 535 245 55.1 3.26 £ 0.45 -2.82 0.01
(per day)
More than 6 hours 107 437 93 46.5 200 449 3.39 £ 053
(6.52 + 4.02) (6.41 +3.78) (6.47 +3.91)

Abbreviations: EFA, exploratory factor analysis; CFA, confirmatory factor analysis; PP-HPB; post-pandemic health promotion behavior; M, mean; SD, standard deviation.

for all the questions were below 2. Kurtosis values ranged from —1.15 to 0.67 and the scores for all the questions were
below 7, confirming normality. To examine the internal consistency of the 49-item scale, we analyzed the correlation
coefficients (r) of the individual and total items and removed items 37 and 8, which had r values below 3. The correlation
coefficients ranged from 0.13 to 0.64.

We conducted eight EFAs with the remaining 47 items to test construct validity. The EFAs were conducted using
principal component analysis with Varimax rotation and an eigenvalue of 1. In the analysis, we removed items that either
had commonality values below 0.40 or factor loadings below 0.50 or were duplicated in two factors. In these eight EFAs,
we removed three items (22, 34, 40), two items (1, 4), five items (2, 30, 39, 45, 56), two items (10, 29), one item (47),
one item (49), seven items (21, 42, 44), and eight items (25, 35, 36) to arrive at the final 27 questions and six factors. The
six factors were named “emotional and social health”, “personal hygiene”, “dietary habits”, “health care”, “using mobile
devices”, and “physical activity.” The normality of the 27 items was tested; the skewness values ranged from —0.42 to
0.11 and the kurtosis values ranged from —0.94 to 0.65. The correlation coefficients of the individual and total items
ranged from 0.32 to 0.62, confirming internal consistency. An EFA of the final question revealed a KMO value of 0.88,
Bartlett’s test of sphericity of ¥2 value of 2516.44 (p < 0.001), cumulative explanatory power of 58.8%, commonality
values ranging from 0.42 to 0.72, and factor loadings ranging from 0.42 to 0.81 (Table 2).
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Table 2 Item and Exploratory Factor Analyses (n = 245)

Factor No. | Item M SD | Skewness | Kurtosis | ICT Factor | Commonality %
Loadings
Emotional and | 17 | live in a positive frame of mind every day. 361 | 0.88 —0.42 0.13 0.54 0.79 0.69 1551
social health 19 | process my emotions by expressing them honestly to others. 351 | 091 —0.31 —0.32 0.62 0.72 0.64
43 | set and follow through with actionable goals. 3.69 | 0.85 —0.50 0.12 0.51 0.72 0.58
23 | have and practice my own positive ways of dealing with stress. 347 | 0.94 —0.30 —0.42 0.51 0.62 0.52
18 | maintain meaningful and fulfilling interpersonal relationships. 3.59 | 0.92 —0.53 0.20 0.52 0.60 0.53
16 | express concern and love for those around me. 3.58 | 0.90 —0.45 0.14 0.56 0.57 0.51
20 | do not hesitate to ask a friend for help or support. 3.65 | 0.88 —0.46 0.06 0.48 0.53 0.52
48 | practice my own methods to help me sleep. 347 | 0.89 —0.39 —0.31 0.57 0.45 0.54
Personal 12 | wash my hands thoroughly after returning from going out, before eating food, and | 4.01 | 0.83 —0.64 0.00 0.33 0.78 0.68 10.95
hygiene after using the restroom.
15 | follow institutional (government, workplace, school) guidelines to prevent infectious | 3.88 | 0.89 —-0.59 0.07 0.37 0.74 0.59
diseases.
13 | keep my space well-ventilated (open windows, use an air purifier, etc.). 3.78 | 091 —0.47 —0.33 0.47 0.68 0.58
14 | keep my primary use areas clean (sweeping, wiping, disposing of food, etc.). 3.75 | 0.89 —0.44 —0.45 0.56 0.64 0.56
I | brush my teeth after meals and snacks and before bedtime. 371 | 093 —-0.35 —-0.40 0.49 0.53 0.45
Dietary habits | 5 | do not eat sweet foods (sugary foods, desserts, sugary drinks, etc.). 271 | 1.06 0.30 —0.64 0.32 0.75 0.66 10.95
7 | do not eat foods that use a lot of oil (instant, fried, etc.). 2.38 | 1.06 0.91 0.65 0.32 0.81 0.72
6 | do not eat foods that are too spicy (“hot”, “salty”, etc.). 245 | 1.03 0.36 -0.73 0.34 0.79 0.65
9 | do not eat late-night snacks after dinner. 293 | 1.04 0.13 —0.64 041 0.60 0.55
3 | have balanced meals that include the three main nutrients (carbohydrates, proteins, | 2.90 | 0.93 —0.02 —0.38 0.55 0.42 0.51
and fats).
Health 41 | check with a health professional to make sure health information | get from the 3.21 | 0.87 —0.34 —-0.21 0.40 0.61 0.57 8.06
management internet or others is accurate.
38 | frequently observe and check for changes in my body. 3.36 | 0.85 —-0.39 —0.13 0.50 0.75 0.70
Using mobile 26 | take measures to protect my eyesight when using mobile devices (use a screen 3.09 | 1.05 —0.16 —0.65 0.50 0.79 0.70 771
devices protector, adjust brightness, maintain sufficient distance, etc.).
27 | take measures to protect my hearing when using mobile devices (limit earphones to | 3.17 | 1.12 —-0.18 —0.84 0.36 0.74 0.68
60 minutes of use per day, keep volume at 60% of the maximum).
28 | take breaks in ways other than using mobile devices. 347 | 0.82 —0.42 -0.37 0.46 0.50 0.42
24 | stretch my wrists, neck, shoulders, and back after using a mobile device (phone, 3.18 | 1.00 —-0.18 —0.65 051 0.53 0.58
tablet, or laptop).
(Continued)
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Table 2 (Continued).

Factor No. | Item M SD | Skewness | Kurtosis | ICT Factor | Commonality %
Loadings
Physical 33 | do strength training at least 2 days a week. 3.02 | I.13 —0.03 —-0.90 0.46 0.75 0.68 6.26
activity 32 | engage in aerobic physical activity (including walking) for at least two and a half hours | 3.28 | 1.07 -0.34 —0.64 0.54 0.69 0.62
per week.
31 | spend 2 hours or less sitting except for study or work. 298 | 1.07 0.11 -0.94 0.42 0.47 0.46

Notes: KMO = 0.88, Bartlett’s test of sphericity: y2 = 2516.44, p < 0.001, total explanatory power = 58.80%.
Abbreviations: M, mean; SD, standard deviation; ICT, item-total correlation; KMO, Kaiser—Meyer—Olkin test value.
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Confirmatory Factor Analysis

For the CFA, 200 samples were used, excluding those used in the EFA. The model fit was y* = 578.99 (p < 0.001), y*/df =
1.87, RMR = 0.07, RMSEA = 0.06, and goodness-of-fit index (GFI) = 0.88 (> 0.90). The results of the CFA are shown in
Table 3.

Convergent Validity
The convergent validity of each item was checked and all the items had B values ranging from 0.51 to 0.89, which met
the criterion of B 2 0.50. Further, for all six factors, the criterion of AVE > 0.50 was met and the CR values were above

0.70. The results of the convergent validity tests are shown in Table 3.

Discriminant Validity
The first discriminant validity test was conducted to ensured that the > values between the factors were lower than the
AVE values of each factor. The results indicated good discriminant validity across all the factors.

The second discriminant validity test was based on the criterion (r + 2*SE) # 1, and the results indicated discriminant
validity among the six factors. Table 4 summarizes the results of both discriminant validity tests.

Table 3 Convergent Validity with Confirmatory Factor Analysis (n = 200)

Factor Item No. Estimate SE AVE CR
Emotional and social health Item 48 0.59 0.58 0.52 0.90
Item 20 0.70 0.38
Item 16 0.65 0.41
Item 18 0.75 0.28
Item 23 0.69 0.36
Item 43 0.63 0.40
Item 19 0.64 0.48
Item 17 0.69 0.35
Personal hygiene Item |1 0.58 0.48 0.54 0.86
Item 14 0.67 0.40
Item I3 0.72 0.33
Item I5 0.68 0.35
Item 12 0.71 0.35
Dietary habits Item 3 0.51 0.62 0.52 0.84
Item 9 0.61 0.71
Item 6 0.86 0.25
Item 7 0.79 0.35
Item 5 0.76 0.45
Health management Item 38 0.76 0.30 0.55 0.71
Item 41 0.65 0.51
Using mobile devices Item 24 0.55 0.63 0.51 0.80
Item 28 0.63 0.47
Item 27 0.74 0.44
Item 26 0.83 0.31
Physical activity Item 31 0.53 0.78 0.56 0.79
Item 32 0.83 0.33
Item 33 0.89 0.25

Notes: Model fitness: 2 = 578.99 (b < 0.001), x2/df = 1.87 (= 3), RMR = 0.07 (< 0.05), RMSEA = 0.06 (< 0.10),
GFl = 0.82 (Z 0.90).

Abbreviations: SE, standard error; AVE, average variance extracted; CR, construct reliability; RMR, root mean
square residual; RMSEA, root mean square error of approximation; GFl, goodness-of-fit index.
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Table 4 Discriminant Validity with Confirmatory Factor Analysis (n = 200)

Factor < Factor Correlation Squared SE ®-2 x SE | ®+2 x SE
(®) Correlation (®?)

Emotional and social health | <—> | Personal hygiene 0.63 0.39 0.04 0.55 0.70
<—> | Dietary habits 0.27 0.08 0.02 0.23 0.32
<—> | Health management 0.41 0.17 0.04 0.34 0.49
<—> | Using mobile devices 0.6l 0.37 0.04 0.53 0.69
<—> | Physical activity 0.52 0.27 0.04 0.44 0.59

Personal hygiene <—> | Dietary habits —0.12 0.02 0.02 —-0.16 —0.08
<—> | Health management 0.29 0.08 0.03 0.22 0.35
<—> | Using mobile devices 0.34 0.11 0.03 0.28 0.39
<—> | Physical activity 0.15 0.02 0.02 0.11 0.20

Dietary habits <—> | Health management 0.44 0.19 0.03 0.37 0.51
<—> | Using mobile devices 0.57 0.32 0.03 0.50 0.63
<—> | Physical activity 0.56 0.31 0.03 0.49 0.63

Health management <—> | Using mobile devices 0.68 0.46 0.05 0.59 0.77
<—> | Physical activity 0.62 0.39 0.05 0.53 0.72

Using mobile devices <—> | Physical activity 0.6l 0.38 0.04 0.53 0.69

Abbreviation: SE, standard error.

Criterion Validity Analysis

To test criterion validity using the HPLP-II, a correlation analysis was conducted for the data of all 445 participants. The
total scores of the two instruments were positively correlated (r = 0.86, p < 0.001). All of the six factors demonstrated
significant positive correlations, indicating strong criterion validity (see Table 5).

Reliability Analysis

The mean score of the PP-HPB scale in the study sample was 3.32 + 0.50 and the means of the six factors were 3.56 £
0.63 for emotional and social health, 3.84 + 0.64 for personal hygiene, 2.69 + 0.76 for dietary habits, 3.27 + 0.73 for
health management, 3.22 + 0.73 for using mobile devices, and 3.05 + 0.86 for physical activity. The overall reliability of
the instrument was high (Cronbach’s a = 0.90). By factor, the reliability values were 0.86 for emotional and social health,
0.80 for personal hygiene, 0.81 for dietary habits, 0.57 for health management, 0.73 for using mobile devices, and 0.72
for physical activity (see Table 5).

Table 5 Reliability of the Final Instrument and Criterion Validity with the HPLP-II (n = 445)

PP-HPB (No. of Questions) M SD Min Max Cronbach’s a HPLP-II
r P

Total (27) 332 0.50 1.8l 4.48 0.90 0.86 < 0.001
Emotional and social health (8) 3.56 0.63 1.75 5.00 0.86 0.74 < 0.001
Personal hygiene (5) 3.84 0.64 1.60 5.00 0.80 0.45 < 0.001
Dietary habits (5) 2.69 0.76 1.00 4.60 0.8l 0.53 < 0.001
Health management (2) 327 0.73 1.00 5.00 0.57 0.56 < 0.001
Using mobile devices (4) 322 0.73 1.00 5.00 0.73 0.62 < 0.001
Physical activity (3) 3.05 0.86 1.00 5.00 0.72 0.69 < 0.001

Abbreviations: M, mean; SD, standard deviation.
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Analysis of the PP-HPB Scale

The final 27-item PP-HPB scale (Supplementary Material) was analyzed based on the sample characteristics and showed
statistically significant differences based on occupation (F = 4.14, p < 0.001), sleep (t = 9.77, p < 0.001), health status (F
=77.99, p <0.001), rest level (t = 11.90, p < 0.001), and time spent lying or sitting during the day (t = —2.82, p = 0.01),
as shown in Table 1.

Discussion

The PP-HPB scale is a six-factor, 27-item instrument that was developed in this study to measure post-pandemic health
promotion behavior among young adults. While the dictionary definition of health promotion behavior is “any activity
designed to improve health”, its factors can vary.'® Traditionally, the HPLP-II developed by Walker et al” is the most
widely used instrument, and its six factors are health responsibility, physical activity, nutrition, spiritual growth,
interpersonal relationships, and stress management. On the contrary, the six factors of the PP-HPB scale are named
psychosocial health, personal hygiene, dietary habits, health management, using mobile devices, and physical activity.
The most prominent feature of the factor structure is that the factors of self-management, interpersonal relationships, and
rest and sleep, which appeared in the initial factor development stage, were incorporated into the single factor of
psychosocial health. This was done in accordance with Woo,'® who suggests that any variables that are statistically
highly correlated in an EFA can be grouped together. Moreover, given its close relation to emotional well-being, sleep
can be integrated into another factor rather than forming a separate one.*’

The combination of standard personal hygiene practices such as handwashing, cleaning, and brushing teeth in the
question “I follow institutional guidelines to prevent infectious diseases” in the personal hygiene factor is relevant for
measuring preparedness for future pandemics. In addition, we included eye health, ear health, musculoskeletal health,
and activity level as factors to reflect recent lifestyle changes such as the increased use of mobile devices, decreased
physical activity, and increased sedentary behaviors. Hence, the PP-HPB scale is suitable for measuring health promotion
behavior among young adults in today’s digital age.”'

An EFA was conducted to check the factors of the PP-PHB scale, and the results of the KMO test and Bartlett’s test of
sphericity confirmed the presence of a normal distribution as well as a factor loading value above 0.04, thereby
confirming construct validity. However, the total explanatory power was 58.80%, which is slightly below the standard
60% or more suggested to be meaningful in social sciences. On the contrary, Lee et al** state that when conducting an
EFA, it is desirable to select factors until the cumulative explanatory power is 60% or until the explanatory power is at
least 5%. In this study, physical activity was the factor with the lowest proportion of explained variance (6.26%). We
considered it to be appropriate for inclusion because it explained more than 5% of the total variance.

The model’s fit to the factors was checked using y*/df, which had a value of 1.87. As this value was below 2 or 3, it
was considered to be appropriate. Furthermore, the RMR value of 0.07 was inadequate according to the threshold of 0.05
set by Woo.'® However, the sample size in this study was reduced by separating the participants into the EFA and CFA.
Furthermore, checking the RMSEA, which is less affected by sample size, is recommended for models that may be
problematic because of a small sample size.'® Hu and Bentler** suggest RMSEA < 0.06 as the criterion for a good fit.
The RMSEA value in this study was 0.06; hence, the model can be considered to be a good fit. We also calculated the
GFI value, a popular absolute goodness-of-fit index that is less sensitive to model complexity; its value was 0.82, which
is below the threshold of 0.90.>* However, the GFI is also indirectly affected by sample size.

In this study, following Hair et al'? criteria, we aimed for a minimum sample size of 100-150 for the CFA, but the
small sample size may have affected the model fit; hence, future studies that use the PP-HPB scale should have
a sufficient sample size for performing CFA. Although a better model fit is desirable, it is not advisable to build
a research model based solely on the criterion of a good model fit.'® Therefore, the PP-HPB scale can be considered to be
usable. Furthermore, the results of the CFA revealed that all the factors had AVE and CR values above 0.50 and 0.70,
respectively, indicating that all the items converged to the corresponding factors. Moreover, the results of the two
discriminant validity tests met the criteria, confirming that the factors comprising health promotion behavior had low
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correlations and do not overlap. In addition, Cronbach’s a of the final tool was 0.90, which indicates high reliability.
However, the health management factor had a low Cronbach’s a (0.57) because it consisted of only two questions.

The mean of the final PP-HPB scale was 3.32, which is moderate. Of the six factors, dietary habits and physical
activity had relatively low scores, which may reflect the characteristics of young adults after the COVID-19 pandemic.
The healthy eating habits of young adults are negatively influenced by the culture of eating alone, using meal kits, eating
out, and using food delivery services.”® Thus, future research should aim to improve young adults’ dietary habits. The
greater use of digital devices during the COVID-19 pandemic led to significantly decreased physical activity among
adults,”® and the results of this study confirm this. In contrast, personal hygiene was the highest scoring factor in the PP-
HPB scale. This is likely because of increased education and sensitization about infection prevention during the COVID
—19 pandemic,”’ and is worth examining in future research.

During early adulthood, various groups such as students, workers, and job seekers coexist.”® The findings of this
study showed that unemployed participants had significantly lower levels of health promotion behavior. Although it is
difficult to generalize this result because owing to the small sample size, attention should be paid to young adults who are
not affiliated with schools or workplaces, and therefore, in the blind spot of health management. In addition, the
participants’ health promotion behavior differed according to the regularity of sleep, perceived health status, and level
of rest, which confirm that good rest and sleep are closely related to better health.

The present results showed that health promotion behavior was significantly lower if sedentary time exceeded 6 hours
per day. Similarly, Romero-Blanco et al*” reported that college students in their twenties experienced reduced mobility,
decreased physical activity, and increased sedentary time during the COVID-19 pandemic. As this phenomenon is
associated with health promotion behavior, it is important to develop programs to identify lifestyle patterns and increase
activity levels among young adults. Most of the participants in this study had a college education or higher. Given that
health behaviors generally increase with education levels, the findings may have limited generalizability.*®

The PP-HPB scale can be used to measure the health promotion behavior of young adults in the post-COVID-19 era.
Of particular significance is that this newly developed tool showed a significant positive correlation in criterion validity
with the HPLP-II, despite the addition of personal hygiene content related to pandemic guidelines and new lifestyle
patterns such as using mobile devices. We hope that future studies will use the tool as a basis for improving the health
promotion behavior of young adults.

Conclusion

The 27-item PP-HPB scale developed in this study is composed of six factors, namely, psychosocial health, personal
hygiene, dietary habits, health care, using mobile devices, and physical activity. It reflects the lifestyle patterns of young
adults in modern society, considering the recent emphasis on infection prevention and prevalence of digital lifestyles. As
a valid and reliable tool that is composed of easy and concise questions, the PP-HPB scale would be useful for future
research. Nonetheless, this scale has some limitations owing to its generalizability, as it is based on a sample of young
adults in South Korea, as well as the small sample size, which affected the model fit. In addition, the study data were
collected via an online survey; therefore, a risk of sample or bias exists. Future research could address these limitations in
two ways. First, we recommend a replication study with a larger sample size of people of different ethnicities and
countries. Second, future studies could develop educational and other types of programs to improve health promotion
behavior using this scale.
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