creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Social Determinants of Health by Cluster of
Obesogenic Behaviors in Ethnic Minority
Adolescents and Korean Adolescents

Mikyung Lee

The Graduate School
Yonsei University

Department of Nursing



Social Determinants of Health by Cluster of
Obesogenic Behaviors in Ethnic Minority
Adolescents and Korean Adolescents

A Dissertation
Submitted to the Department of Nursing
and the Graduate School of Yonsei University
in partial fulfillment of the
requirements for the degree of

Doctor of Philosophy

Mikyung Lee

August 2022



This certifies that the dissertation of Mikyung Lee 1s approved.

Thesis Supervisor: Hyeonkyeong Lee

Kyung Hee Lee: Thesis Committee Member

EunKyoung Choi: Thesis Committee Member

Chang Gi Park: Thesis Committee Member

Sukjeong Lee: Thesis Committee Member

The Graduate School
Yonsei University

August 2022



ACKNOWLEDGEMENT

“So shall I keep thy law continually for ever and ever.” Psalms 119:44 (KJB)

It was a continuation of the challenge that had to overcome facing my defects
and the doctoral course, which was like a long and exhaustive journey, had tried me
at ground zero. I could have understood “research” little by a little while working
as a researcher and I could achieve knowledge in many different fields from
valuable lectures and various education programs which were held by Graduate
School and Yonsei University College of Nursing.

It is a great honor for being under the guidance of Professor Hyeonkyeong Lee.
It seems like a voyage into the stormy sea taking a small boat, but I was able to
finish my dissertation through the efforts of Professor Lee. From the beginning,
research designation, to the final stage It was impossible if professor Lee would not
advise considerately on every single task. Especially, thanks to Professor Lee for
her leadership overwhelmed me when I almost give up my course. [ would like to
express my gratitude for her passionate efforts. And I would like to show my
appreciation to professor Kyung Hee Lee who advise in detail and encourage me
tenderly during my dissertation course, Professor EunKyoung Choi who gave me
appropriate guidance whenever | need a discussion on the difficulties I faced,
Professor Chang Gi Park who encouraged me and gave his hands often like being
next to me, but in a faraway country though, Professor Sukjeong Lee, who cheer
me up whenever I was trying to quit, Professor JuHee Lee, who advised me about
Science and Technology in the Aging at Yonsei STAY and BK21 rapidly, Professor

Ki Jun Song who taught me statistics in the easy way to understand and to all



professors of College of Nursing I would like to show my thanks.

And I would like to express my deep gratitude to my colleagues who help me
when I was fallen hard time studying: Youlim Kim, Sookyung Kim, Hyeyeon Lee,
Ja-yin Lee, Kieun Kim, YoonjungJee, Jisu Lee, Namhee Kim, Miso Shim,
Hyung-suk Kim, Kyung-jin Lee, Sang-ah Lee, Go-un Kim, So-yun Hong,
Eunkyung Kim, Ye-seul Yoon, Ok-shim Kim, Mi-kyung Cho, Jong-geun Kim,
Sun-young Shim, Kennedy, Duya, Young-jin Lee and others I didn’t mention.

And I also thanks my family who help my doctoral course both materially and
morally. I will not forget their efforts.

Finally, I’'m going to become a devoted researcher and teacher on the memory
of people who helped and participated in my research and dissertation.

Glory to the Lord God who keeps me safe until now.

August 2022
Mikyung Lee



CONTENTS

CONTENTS oottt s b e e st b e e e st b e e e s tb e e e e sbbbeeesnnnaeeen i
LIST OF TABLES ...ttt e e s e e s nbae e e s nnens 1
LIST OF FIGURES......ootii ittt ettt e e s nb e e e s nnnaee s A
LIST OF APPENDICES ..ottt bee e s e e e vi
ABSTRACT .ttt et et e e s b e s be e e s nb e e s be e e snre e e nre e e vii
Chapter 1. INTrOQUCTION  .....oouiiiiiieeccee et 1
1.1 Significance Of the STUAY ......coooviiiiieee e 1
1.2 PUIPOSE OF the STUY ....ovieiiiieici e 4
1.3 RESEAIC HYPOLNESES ..ot et 5
1.4 Definitions Of CONCEPLS ..occvieivieiiieiieiie sttt snne e 6
Chapter 2. LItErature REVIEBW ........ccoiviiiiiiriesie e 12
2.1 Demographic Characteristics and ODESILY ........cccovvriiririieicesenee e 12
2.2 Obes0QgeNiC BENAVIOIS ........cviiiiiiiiite e 14
2.3 Social Determinants of Health Related to Obesogenic Behaviors ..........c..c.ccce.... 26
Chapter 3. Conceptual Framework ...........ccociiiiiiiieee s 42
3.1 Conceptual Framework of the Social Determinants of Health ...............cccoevene. 42
3.2 Conceptual Framework of the StUAY ........ccceoeeiiiiinine e 44
Chapter 4. MENOOS ........ccooiiiiiee e 48
S (N o VA BT o [ SRS SR 48
4.2 Sample and Data ........ccoceeriiiiieie s 48
4.3 Definition and Characteristics of Variables ............ccccoiiiiiiiiiince 50



4.4 Data ANAIYSIS ..o s 59

4.5 Ethical ConSIderationS .........ccoeiiiieeieiieeiese ettt s ens 62
Chapter 5. RESUILS ....ooieiiicie ettt s re et be e e nesre e 64
5.1 Differences in Obesogenic Behaviors and ODeSity .........cccccoviviiieveiieieiecieseines 64
5.2 Difference in Social Determinants of Health .........cccccocviiiiiiiiii e 69
5.3 Cluster of Obesogenic Behaviors..........cccoveieiiiiiiiiiieicse e 75
5.4 Cluster-specific Characteristics of Obesogenic Behavior...........ccccovvvvieiiviienennes 78
5.5 Differences in Social Determinants of Health between Clusters ............ccccoeuveee 90
5.6 Social Determinants of Health Affecting to CIUStErs .........cccooviveiviinienienienennes 99
5.7 Validation of Differences in Obesity Classification by Clusters ..........c.cc.cccoeuee. 113
Chapter 6. DISCUSSION ....ccuveveiieiisiesiesiesie et ste e e ste e te e sresteeaesteesaestesreeeesneaneeseenses 117

6.1 Obesogenic Behaviors among Ethnic minority adolescents and Korean adolescents
............................................................................................................................... 117

6.2 Difference in Characteristics of Clusters among Ethnic Minorities Adolescents and
KOrean AdOIESCENTS.......cveieieeieierieste et 122

......................................................................................................................................... 128
6.4 The Validity of the Clusters of Obesogenic Behaviors .........ccccoocveeviiiiicnene 137
6.5 Nursing IMplications .........ccooeeiiiiiiiiieii e 141
6.6 Limitations of the Study .........ccoviiiiiiiii e 143

Chapter 7. Conclusion and SUGQESTIONS..........cieiiriiieinise et 145

RETEIBNCES ... s 147

AAPPENAICES ...ttt ettt e r e b e r et et s be et e e besreenaenre e 173

KOrean ADBSLIACT ..o 181



LIST OF TABLES

Table 1. Category of variables in 0besogenic Behavior ............c.ccocevviiereninie e 53
Table 2. Category of variables in social determinants of health ..............ccccocoeeiviiiienns 57
Table 3. Reference of variables of material CircUmMSIaNCeS. .........cccovvvvivervniiie e 58

Table 4. Comparison of obesogenic behaviors among ethnic minority adolescents and

KOrean adoleSCENLS. ......uuiiivieiiieiieie st esieeesieeeste e ste e e s tae e sbe e e sraeeseeesntaeesnreeaneeans 66
Table 5. Comparison of social determinants of health among ethnic minority adolescents

and Korean adoleSCENtS.........cuuiiiuieiiieiiieeiieeesieesieessteeesteeesreeesraeesreeesreeesneeens 72
Table 6. Fit statistics of clusters of obesogenic behaviors among ethnic minority

adolescents and Korean adoleSCents ............ccevvrriiiiiiiienie e 77
Table 7. Class membership probability among ethnic minority adolescents and Korean

AUOIESCENTS ...ttt 77

Table 8. The final cluster’s COMIMON NAITIE .......cecvveeiieeireeieeieesreeireesreesreesreesreeseeseeens 79

Table 9. Item-response probabilities of obesogenic behaviors among ethnic minority

AAOLESCONES ...ttt ettt ettt sb e sb e sb e s b e b sbeenrne s 83
Table 10. Item-response probabilities of obesogenic behaviors among Korean adolescents

........................................................................................................................... 88
Table 11. Characteristics across the three clusters of ethnic minority adolescent .......... 91
Table 12. Characteristics across the three clusters of Korean adolescent................cc....... 96
Table 13. Key points of the variables among ethnic minority adolescents..................... 101
Table 14. Key points of the results among Korean adolescents...........cccoovvvrerenerinnene 102

Table 15. Social determinants of health affecting clusters among ethnic minority
ACOIESCENTS.......eee e 104

Table 16. Selected factors in social determinants of health affecting the cluster among
ethnic Minority adolESCENLS .........cocviiiiiiiiiiieies e 106

Table 17. Social determinants of health affecting the cluster among Korean adolescents



Table 18. Selected variables in social determinants of health affecting cluster among
Korean adoleSCONTS .......cceeiiiiiiiiiiie e 112

Table 19. The obesity classification related to cluster among ethnic minority adolescents

......................................................................................................................... 114
Table 20. The obesity classification related to cluster among Korean adolescents ...... 116
Table 21. Predicted probability of obesity classification by clusters in ethnic minority

Yo [0 [T =] o £ SRS 178



Figure 1.
Figure 2.
Figure 3.

Figure 4.
Figure 5.

Figure 6.

Figure 7.

LIST OF FIGURES

The conceptual framework of the social determinants of Solar & Irwin ......... 47
Conceptual framework of this StUY .........cccveveiiiiiiiiiie e 47
SHUY SAMPIE....oeee e 50

Comparison of obesity in ethnic minority adolescents and Korean adolescents 68

Distribution of obesogenic behavior by the cluster of ethnic minority adolescents

Distribution of obesogenic behavior by the cluster of Korean adolescents....... 89

Differences in predicted probability of obesity classification by clusters in ethnic
MINOTILY AdOIESCENES ...eirviiiiiiiiiiiieiti ettt 178

Figure 8. Differences in predicted probability of obesity classification by clusters in Korean

2T 18] (SR To1=) 01 1< PRTTTRTT 180



LIST OF APPENDICES

Appendix 1. Previous studies regarding cluster of obesogenic behaviors in ethnic minority

AAOLESCONLS ...ttt 173
Appendix 2. The Shape of Differences in Obesity Classification by Clusters................ 175
Appendix 3. Result of IRB approval...........ccccoveiiiiiii e 179

Vi



<ABSTRACT>

Social Determinants of Health by Cluster of Obesogenic Behaviors in

Ethnic Minorities Adolescents and Korean Adolescents

The obesity rate among domestic adolescents is continuing to increase annually in
South Korea. The obesity rate of ethnic minority adolescents has been reported to be higher
than that of Korean adolescents. Obesogenic behavior was defined as a complex set of
behaviors that can cause obesity and included mainly physical inactivity, long sedentary
time, and obesogenic diets. Racial differences were found to be the social determinants of
health that had the greatest influence on ethnic minority adolescents’ obesogenic behaviors.
Therefore, the purpose of this study was to identify different behavioral patterns by
analyzing and comparing the obesogenic behavior clusters of ethnic minority adolescents
and Korean adolescents and identify the social determinants of health affecting their
clusters.

This secondary data analysis study analyzed using the 2020 Korea Youth Risk Behavior
Survey (KYRBS) data. The theoretical framework for obesogenic behaviors and related
factors (social determinants of health) in this study was constructed based on the social
determinant of health framework from World Health Organization (WHO).

The participants of the study included 18,001 excluding the missing values of
unresponsive people (e.g., lack of information regarding parents' nationality, height, and

weight); the participants consisted of 539 ethnic minority adolescents and 17,462 Korean
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adolescents. The obesogenic behaviors consisted of eight variables: two for physical
inactivity, two for sedentary time, and four for obesogenic diet.

In this study, the obesity rate was 15.6% in ethnic minority adolescents and 11.2% in
Korean adolescents. The cluster analysis of obesogenic behavior led to the identification of
three clusters of ethnic minority adolescents and Korean adolescents. Based on the
characteristics, each group was named “Inactive & unhealthy eater”, “Moderately active &
unhealthy eater”, and “Active & healthy eater”. Two variables (gender and stress) were
identified as social determinants of health affecting the obesogenic behavior clusters of
ethnic minority adolescents. For Korean adolescents, gender, age, economic status,
academic performance, sleep time, depression, stress, width of park, and the number of fast
food restaurants were significant.

This study showed the higher level of obesogenic behaviors of ethnic minority
adolescents compared to that of Korean adolescents, indicating the need of ethnicity
minority adolescents specific interventions for preventing and managing the risk of obesity.
It is worthy to note that the current study found three different obesogenic behavior clusters
by considering the simultaneous and complex behavioral patterns rather than a single
obesogenic factor and also attempted to examine the influence of social determinants of
health on obesogenic behavior clusters, encompassing structural factors as well as material

circumstances.

Keywords: Obesogenic behavior, Ethnic minority, Adolescent, Social determinant of

health, Cluster
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Chapter 1. Introduction

1. 1 Significance of the Study

The prevalence of obesity among Korean children and adolescents increases as they
progress from elementary to middle school and from middle school to high school, with
the prevalence of obesity increasing annually (Ministry of Education, 2019). Despite
government policy efforts to reduce the prevalence of obesity, the obesity rate among
middle school students in 2020 was 10.9%, the highest rate of year-over-year growth in
obesity rates in the past five years (Korea Health Promotion Institute, 2021). Meanwhile,
in the ethnic minority adolescent population, the proportion among the total adolescents is
increasing yearly, just like the prevalence of obesity. The proportion of ethnic minority
adolescents has tripled in 7 years from 0.70% (13,036 persons) in 2012 to 2.52% (32,927
persons) in 2019 (Statistics Korea, 2020). Since the proportion of ethnic minority
adolescents among domestic adolescents continues to increase and emerge as an important
population, it is necessary to pay attention to research on the health of ethnic minority
adolescents.

The obesity rate among ethnic minority adolescents in Korea was reported to be
higher than that of Korean adolescents (with Korean -born parents of Korean nationality;
Song & Kim, 2019; Song, 2020). In the case of ethnic minority adolescents in foreign

countries, it has been consistently reported that the obesity and overweight rate is higher



than that of native adolescents (Labree et al., 2015). In the UK, children from black and
Asian backgrounds had a higher rate of overweight and obesity, and obese children were
three times more likely to exhibit obesogenic behaviors than white people(Falconer et al.,
2014). The evidence of obesity rate among ethnic minority adolescents have shown to be
an international phenomenon (Hayba et al., 2020). It is generally agreed that migration to
developed countries appears to increase the risk of obesity(Menigoz et al., 2016). The
socio-economic status of immigrants is lower than that of the native population, which can
affect this risk (Delavari et al., 2014). In addition, this increase in risk can be caused by
changes in physical inactivity, more sedentary time, and changes in dietary intake, which
are the result of westernized dietary patterns(Méjean et al., 2009). Therefore, it has been
continuously reported that ethnic minority groups settled as immigrants are obese due to
their low socioeconomic position and have a high obesity rate.

In various studies, obesity has been considered a consequence of multiple lifestyle
patterns and health risk behaviors (Liberali et al., 2021). Although scholars have different
definitions of obesogenic behaviors, in general, the most recognized are physical inactivity,
sedentary time, and obesogenic diet (Fleary& Freund, 2018). According to previous studies,
obesogenic behaviors include participation in moderate and vigorous intensity physical
activities (Donnelly et al., 2009), while sedentary time includes watching television,
playing computer games, and using the Internet (Leech et al., 2014), obesogenic diet
indicated less fruit and vegetables and more intakes of energy-dense foods (Fleary,

2017).0Obesogenic behaviors refer to activities associated with an increased risk of obesity,



including physical inactivity, long sedentary time, and obesogenic diet (Fleary& Freund,
2018), the occurrence of healthy and unhealthy behaviors (Liberali et al., 2021).For
example, the behavioral pattern of adolescents who frequently practice vigorous-intensity
physical activity(VPA) and have a long sedentary time is one of the common obesogenic
behavioral patterns (Matias et al., 2018).Thus, it is crucial to examine the behavioral factors
affecting obesity from a complex point of view. In addition, as human behavior can be
reflected in health outcomes with combined rather than individual effects, a pattern analysis
such as cluster analysis is necessary. This can better explain the complexity of obesogenic
behavior patterns rather than simply analyzing risk factors with one or two variables (Fleary,
2017; Schroder et al., 2017).

Obesogenic behaviors are particularly affected by social determinants of health
such as gender, race/ethnicity, income, public policy on obesity, and material
circumstances (Fleary& Freund, 2018). In addition, sleep time(behaviors and biological
factors) and stress(psychosocial factors) are also known as social determinants of health
affecting obesogenic behaviors(Liberali et al., 2021). Another study on these social
determinants of health demonstrated that the obesogenic behaviors of ethnic minority
adolescents owing to racial differences were more pronounced than other factors (Fleary,
2017).In Korea, adolescents’ obesogenic behaviors and the social determinants of health
related to their socioeconomic position and material circumstances have been conducted
using a Hierarchical Linear Model (HLM) analysis (S. Kim et al., 2021). However, the risk

of obesity was analyzed including only the school environment among material



circumstances, and Korean adolescents. Recent studies using cluster analysis of Korean
adolescents’ obesogenic behaviors and the social determinants of health, there have been
no material circumstances and no comparison of ethnic minority adolescents (Lee & La,
2021). Therefore, there is a need for a study that reflects material circumstances in social
determinants of health that affect obesogenic behaviors in ethnic minority adolescents.

To our knowledge, since differences in obesogenic behaviors by clusters and social
determinants of health affecting the clusters of ethnic minority adolescents compared to
Korean adolescents have been reported, it is necessary to check the obesogenic behaviors
of ethnic minority adolescents in this study. The cluster of obesogenic behaviors is expected
to provide cluster-specific interventions for obesity prevention. According to a recent study,
the severe consequences of the Coronavirus disease 2019 (COVID-19) pandemic instigated
a change in obesogenic behaviors (Ghanemi et al., 2020). Adolescents in Korea have
increased their BMI levels while their physical activity levels have decreased due to
COVID-19 in 2020 (Kim, Kwon et al., 2021). Given the pandemic-driven disparities in
society, the economy, and education being observed worldwide, it is necessary to examine
the social determinants of health that affect differences in obesogenic behaviors among

ethnic minority adolescents and Korean adolescents.

1.2 Purpose of the Study

This is a secondary data analysis study aimed to explore the clusters of obesogenic

behaviors (physical inactivity, sedentary time, obesogenic diet) of ethnic minority

4



adolescents and Korean adolescents and to examine the correlation between such
characteristics and social determinants of health in each cluster. The specific aims are as

follows:

First, to describe the differences between obesogenic behaviors and social
determinants of health of ethnic minority adolescents and Korean adolescents.

Second, to identify the clusters of obesogenic behavior in ethnic minority
adolescents and Korean adolescents.

Third, to explore in characteristics of obesogenic behaviors by cluster among ethnic
minority adolescents and Korean adolescents.

Fourth, to identify the social determinants of health that influence clusters of
obesogenic behaviors among ethnic minority adolescents and Korean adolescents and to
identify the differences between ethnic minority and Korean adolescent clusters.

Lastly, to explore the correlation in obesity classification and each cluster to
confirm the validity of the clusters of obesogenic behaviors among ethnic minority

adolescents and Korean adolescents.

1.3 Research Hypotheses

The hypothetical model of this study aimed to examine the social determinant
characteristics of health within clusters of obesogenic behaviors among Korean adolescents.

Hypothesis 1: There would be differences found in obesogenic behaviors and social

5



determinants of health between the ethnic minority and Korean adolescent clusters.

Hypothesis 2: The obesogenic behaviors (physical inactivity, sedentary time,
obesogenic diet) of the ethnic minority adolescents and Korean adolescents would each be

categorized into clusters that demonstrated similar behavioral patterns.

Hypothesis 3: There would be differences found in the characteristics of the
obesogenic behaviors of each cluster among the ethnic minority adolescents and Korean

adolescents.

Hypothesis 4: There would be differences found in the social determinants of
health that influence the clusters of obesogenic behaviors among the ethnic minority

adolescents and Korean adolescents.

Hypothesis 5: There would be a statistically significant difference found in obesity
classification for each cluster of obesogenic behaviors among the ethnic minority

adolescents and Korean adolescents.

1.4 Definitions of Concepts

1.4.1 Ethnic minority adolescents

Theoretical definition: A multi-cultural family is defined by the Ethnic minority
Families Support Act as “a family comprised of a married immigrant [...] and a person
who acquired the nationality of the Republic of Korea by birth” or “a family comprising a

person who had obtained permission for naturalization [...] and a person who acquired the



nationality of the Republic of Korea by birth.” (Ministry of Justice, 2015).
Operational definition: In this study, ethnic minority adolescents are defined as
persons whose parents’ country of birth is a foreign nation according to Korea Youth Risk

Behavior Survey(KYRBS).

1.4.2 Korean adolescents

Theoretical definition: According to the Dictionary by Merriam Webster, “Korean
is defined as “a Korean or inhabitant of Korea ” (“Korean ”, 2022).

Operational definition: In this study, Korean adolescent refers to a person whose
parents are of Korean nationality according to the Korea Youth Risk Behavior

Survey(KYRBS).

1.4.3 Obesogenic behaviors

Theoretical definition: Obesogenic behaviors refer to activities associated with an
increased risk of obesity, including physical inactivity, long sedentary time, and
obesogenic diet (Fleary & Freund, 2018), the occurrence of healthy and unhealthy
behaviors (Liberali et al., 2021).

Operational definition: The eight factors related to physical activity, sedentary time,
and obesogenic diet included in the Korea Youth Risk Behavior Survey(KYRBS) are

defined as obesogenic behaviors. Obesogenic behaviors mean ‘physical inactivity or long


https://www.merriam-webster.com/dictionary/Korea

sedentary time or unhealthy diet (skipping breakfast, eating less fruit, drinking unhealthy

drinks; carbonated or sugary, Descriptions of specific factors are provided below.

1.4.3.1 Physical inactivity

Theoretical definition: The recommendations of American College of Sports
Medicine (ACSM) for adolescent physical activity include at least 60 minutes of daily
moderate and vigorous intensity physical activities combined. Moderate intensity physical
activity is defined as an activity that increases respiration, perspiration, and heart rate,
while vigorous intensity physical activity is defined as an activity that significantly
increases respiration, perspiration, and heart rate (ACSM, 2015). Physical inactivity in
adolescents defined as less than 60 minutes of moderate to vigorous intensity activity daily
(WHO, 2012).

Operational definition: There were two variables in the Korea Youth Risk Behavior
Survey(KYRBS) of moderate and vigorous intensity physical activity: whether an
individual “spent 60 minutes or longer per day engaging in a physical activity that left them
out of breath in the past seven days,” or “20 minutes or longer per day engaging in a
physical activity that left them considerably out of breath or sweaty in the past seven days,”.
The number of days was classified into the number of days spent engaging in moderate
intensity physical activity and the number of days spent engaging in vigorous intensity

physical activity.



1.4.3.2 Sedentary time

Theoretical definition: Sedentary lifestyle refers to activities done while sitting or
lying down, such as watching television, playing video games, or computer or smartphone
use, and is associated with negative health outcomes such as obesity and childhood obesity
(de Araujo et al., 2018). Sedentary time refers to time spent engaging in a sedentary
lifestyle.

Operational definition: Two variables in the Korea Youth Risk Behavior
Survey(KYRBS) dealt with sedentary time, referring to the average time spent sitting

during a weekday or weekend for purposes other than learning in the past seven days.

1.4.3.3 Obesogenic diet

Theoretical definition: Diet related to obesity included factors such as
“consumption of sugary drinks, consumption of each food cluster (fish, fruits, vegetables,
dairy products), eating behavior pattern, meal quality, skipped meals, and the frequency of
meals or snacks” (Mohammadi et al., 2019).

Operational definition: Five items in the Korea Youth Risk Behavior
Survey(KYRBS) were dedicated to an obesogenic diet, involving the number of days
eating breakfast, as well as the number of times eating fruits, carbonated drinks, sugary

drinks, and fast food.



1.4.4 Social determinants of health

Theoretical definition: The Commission on Social Determinants of Health (CSDH)
defines social determinants of health as “factors that shape health outcomes in the processes
in which individuals are born, grow, live, work, and age” (WHO, 2008). The social
determinants of health are broadly classified into structural determinants of social health
inequality (hereinafter referred to as structural determinants) and intermediary
determinants of health (hereinafter referred to as intermediary determinants, Solar & Irwin,
2010). Structural determinants defined that generate stratification and social class
divisions in the society and that determine individual socioeconomic position within
hierarchies of power, prestige and access to resources. Intermediary determinants was
defined as specific health-related factors that exist between structural factors and health
outcomes with four categories; behaviors and biological factors, psychosocial factors,
material circumstances and the health system (Solar & Irwin, 2010).

Operational definition: Social determinants of health were included in the Korea
Youth Risk Behavior Survey(KYRBS) and were largely categorized into structural and
intermediary determinants for this study’s purposes. Structural determinants
(socioeconomic position) included gender, age, parental nationality, parental educational
level, and economic status. Intermediary determinants included behaviors and biological
factors (sleep time and academic performance), psychosocial factors (stress, depressive
symptom, and self-rated health), and material circumstances (poverty rate, city size, width

of parks, number of public sports facilities, number of snack bars, number of convenience
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stores, number of fast food restaurants, and number of Internet cafe) in the Korea Youth

Risk Behavior Survey (KYRBS).
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Chapter 2. Literature Review

2.1 Demographic Characteristics and Obesity

According to the 2021 adolescent statistics (Statistics Korea, 2022), the number of
Korean adolescents (9-24 years old) was 8,306,000, accounting for 16.0% of the total
population. Considering the current trend of population decline, the adolescent population
is expected to decrease to half the current number by 2060. Meanwhile, in the ethnic
minority adolescent population, the proportion among the total adolescents is increasing
yearly, just like the obesity rate. The proportion of ethnic minority adolescents has tripled
in 7 years from 0.70% (13,036 persons) in 2012 to 2.52% (32,927 persons) in 2019
(Statistics Korea, 2020). In 2020, the ethnic minority school-age population (elementary,
middle, and high school students) increased by 7.4% (147,000) compared to the previous
year, with a continuous yearly increase of 5-12% (Statistics Korea, 2022). Since the
proportion of ethnic minority adolescents among domestic adolescents continues to
increase and emerge as an important population cluster, it is necessary to pay attention to
research on the health of ethnic minority adolescents.

According to the 2018 report of the National Ethnic minority Families Survey, of
the age distribution of adolescent children aged 9-24, elementary school students aged 9-
11 accounted for the largest proportion at 45.8%, followed by middle school students aged
12-14 years old at 24.1%, high school students aged 15-17 years old at 16.4%, and those

over 18 years of age at the lowest rate at 13.8%. Currently, the proportion of elementary
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school students is the highest, but it is expected that the number of ethnic minority
adolescents will increase sharply as they go to secondary school in the future (Ministry of
Gender Equality and Family, 2019).

The obesity rate for Korean adolescents has continued to rise every year, reaching
10.9% for middle school students in 2020 (Korea Disease Control and Prevention Agency
[KDCA], 2021). Compared to 2019 (9.1%), the obesity rate of middle school students
(10.9%) increased sharply by 1.8% in 2020, and that of high school students increased by
only 0.4%. The proportion of overweight in both middle and high school students in Korea
continued to increase by 0.2-0.3% every year, but in the case of middle school students, it
increased sharply by 1.2% in 2020 (10.3%) compared to 2019 (9.1%), whereas high school
students showed a decrease by 0.2% in 2020 (10.0%) compared to 2019 (10.2%). This is
because the number of middle school students who continued to go to school or attend
private academies for the study is less than that of high school students, therefore, it is
expected that the obesity rate was relatively high due to the increase in home time caused
by COVID-109.

A study by Song (2020) comparing ethnic minority adolescents and Korean
adolescents compared the weight status of middle and high school students from 2017 to
2018 by categorizing them into ethnic minority and Korean clusters, as a result, it was
shown that ethnic minority students were more likely to be overweight by 1.22 (95% ClI:
1.03 to 1.43) times than Korean students. In particular, for female students, the odds ratio

for ethnic minority students becoming obese was 1.40 (95% CI: 1.10 to 1.77). Furthermore,
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a study compared obesity rates among ethnic minority adolescents and Korean adolescents
in Korea using the 2017 and 2018 Youth Risk Behavior Survey and revealed that the
prevalence of obesity among ethnic minority adolescents (12.1%) was higher compared to
that of Korean adolescents (10.2%) (Song, 2020). In particular, it has been reported that
among ethnic minority adolescents, the prevalence of overweight/obesity is higher in
county areas (23.2%) than in metropolitan cities (19.7%) (Song & Song, 2019). According
to the analysis of obesity classification in low-income and ethnic minorities 6-13 years old
in Korea, boys had a higher obesity rate than Korean children. But in terms of body fat
percentage, 11.1% of girls were mild obesity, so only the relationship between weight and
height was normal, but muscles were reduced and many types of ‘skinny obesity;
metabolically obese, normal weight’ were observed.

In summary, ethnic minority adolescents in Korea is rapidly increasing and cannot
be overlooked, and their obesity rate is higher than that of Korean adolescents. Ethnic
minority adolescents had a difference in obesity rates according to their region and gender,
and female students had a lot of normal weight based on BMI, but mild obesity was

confirmed during body fat tests, indicating a high obesity rate.

2.2 Obesogenic Behaviors

According to the Nutrition and Physical Activity Program to Prevent Obesity and
Other Chronic Diseases (NPAQ), a representative obesity prevention program in the

United States, the main causes of overweight and obesity can be traced to energy-related
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behaviors (physical activity, sedentary behavior, eating behavior, and sleep), and this was
due to an energy imbalance between caloric intake and energy expenditure (Centers for
Disease Control and Prevention [CDC], 2008). In other previous studies, it was argued that
all three, rather than one of physical activity, sedentary time, and obesogenic diet should
be managed to prevent obesity. Consequently, a previous study suggested an increase in
physical activity, sedentary time reduction, and regulation of diets we eat by eating more
low-energy-dense foods such as fruits and vegetables (Harding et al., 2008). As there are
differences in the definition of obesogenic behaviors between studies, obesogenic
behaviors were classified into two factors: “physical activity” and “obesogenic diet”.
Sedentary time, which is the opposite of physical activity, is included in physical activity
in some studies. (Cabanas-Sanchez et al., 2018).

Obesogenic behaviors are mainly explained as a concept combining three factors:
physical activity, sedentary time, and obesogenic diet (Fleary& Freund, 2018). Factors
included in obesogenic behaviors varied among studies, but the diet was the most extensive
factor. Not just dietary items (e.g., eating fruits and vegetables, drinking sugary drinks, etc.)
or frequency (once a day, once a week, etc.), but also the dietary habit (e.g., disinhibited
eating), the frequency of meals with families, physical activity, and sedentary behavior
were defined (Rachel & Amy, 2013). Other researchers defined obesogenic behaviors by
adding sleep deprivation in addition to sedentary time and dietary variables (Stahlmann et
al., 2020). Obesogenic behavior included several factors other than energy-related

variables that directly affected obesity.
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In summary, obesogenic behavior was mainly composed of three behaviors.
Variables that could explain obesogenic behaviors were selected: physical inactivity,
sedentary time, and obesogenic diet. Specific variables of three behaviors and other

variables of obesogenic behavior were described from 2.2.1.

2.2.1 Physical inactivity

Physical inactivity is a concept corresponding to energy consumption in
obesogenic behaviors and has been used as a major variable in obesity prevention and
management. In foreign literature, the International Physical Activity Questionnaire (IPAQ,
2004) was referred to as the computer-based-Physical Activity Questionnaire (cPAQ), a
measurement tool, that was used to measure physical activity. Physical activity has also
been measured with an objective tool like a pedometer or smartwatch (Daly, Foote &
Wadsworth, 2017) that either self-reported or automatically records the amount of physical
activity through a portable device according to international adolescent survey standards
or guidelines. However, in this study, the survey response values already investigated were
analyzed.

physical activity as representative obesogenic behavior are moderate-intensity
physical activity (MPA), vigorous-intensity physical activity (VPA), moderate to vigorous
physical activity (MVPA) (Department of Health and Ageing, 2004; Leech et al., 2014;
Tassitano et al., 2020), and active commuting to school (Tassitano et al., 2020), which have

been used in the study of adolescent obesogenic behaviors. Besides, the question of
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whether MVVPA was performed for at least 60 minutes per day according to the guidelines
of the CDC (CDC, 2018) or whether MVVPA was performed at least 60 days per week for
5 days or more according to the guidelines of the Youth Risk Behavior Surveillance System
(YRBSS), PA (physical activity) was used as a major variable (Nagata et al., 2022;
Maenhout et al., 2020; Edwards, Mauch& Winkelman, 2011). The variables, “MPA” and
“VPA” were set according to CDC and YRBSS criteria, and both were used for cluster
analysis (Lee & La, 2021; Fleary, 2017).

As for the difference in PA by race, there was a cumulative report that Caucasians
are the most participants in physical activity, while Asians are the least participants in
physical activity (Nagata et al., 2022; Fleary, 2017). In the Korean literature, secondary
data analysis studies were the most common. For physical activity, MPA was used as the
main variable, and VPA or strength training (Kim, Choi & Kim, 2021; Gae, 2019; Hong,
2019; Kim, Kim &Gae, 2018) and Walking (Lee & Cho, 2017) were also included. Most
of the research on the physical activity of Korean adolescents was secondary data analysis.

According to the 2020 Korea Youth Risk Behavior Survey (KYRBS) statistics
(KDCA, 2021), the level of physical activity was generally higher among middle school
students than high school students. For middle school students, 16-17% of the practice rate
for “moderate-intensity physical activity for more than 60 minutes a day for 5 days a week”
was reported every year, but the practice rate in 2020 was reported to be 12.1%. For middle
school students, “high-intensity physical activity for more than 3 days a week” increased

slightly from 2009 to 2016 to reach 46.7%, and then decreased continuously to 31.0% in
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2020. The highest decrease in physical activity was (7.3%) between 2019 and 2020. The
rate of high-intensity physical activity practice in 2020 was 40.8% for male students and
20.5% for female students. Sedentary time (time spent sitting for purposes other than
learning on weekdays) was 236.9 minutes in 2020 for middle school students, a sharp
increase from 171.6 minutes in 2019. Among them, the sedentary time of male students
was 235.0 minutes in 2020, which increased by about 65 minutes compared to 2019, and
the sedentary time of female students was 239.0 minutes in 2020, an increase of 65 minutes
compared to 2019. The result of the 2017-2018 KYRBS analysis revealed that the
probability of practicing physical activity more than 3 days a week was lower in ethnic
minority adolescents compared to Korean adolescents (Song, 2020). It has been reported
that the physical activity of ethnic minority adolescents decreases and the time of sedentary
time increases, resulting in more obesogenic behaviors.

Regarding physical activity, which is an obesity-related factor among ethnic
minority adolescents in Korea, 41.3% of them participate in physical activities 1-2 times a
week (Sunday) and 27.8% do not participate at all; this is followed by those who participate
3-4 times a week (17.7%), 5-6 times a week (7.3%), and those who participate daily, with
the lowest proportion, at 5.8% (Korea Institute of Sport Science, 2017). In another study,
ethnic minority adolescents showed a lower rate of physical activity for the past 7 days
than Korean adolescents (Song, 2020), and a lower rate of walking for more than 10
minutes a day was reported (Lee & Cho, 2017).

In summary, the overall physical activity rate of ethnic minority adolescents is
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lower than that of Korean adolescents. As the main variable of physical activity among
obesogenic behaviors, aerobic exercise rather than muscle strengthening exercise was
investigated more often, and many studies analyzed moderate and vigorous intensity

physical activity.

2.2.2 Sedentary time

Sedentary behavior is one of the variables of obesogenic behaviors, and the
seriousness of adolescent sedentary behavior is emerging as a health risk behavior along
with the development of media (Calson et al., 2012; Davis et al., 2007). The concept of
sedentary behavior has changed over time. Previously, it was understood that sedentary
behavior did not meet the criteria for MVVPA (Brown, Bauman & Owen, 2009). Since then,
the changed concept has been used collectively for sitting or lying down (Bames et al.,
2012). Although sedentary and physical activity have been discussed as independent
effects on health, the correlation between these behaviors is also being studied (Tassitano
et al., 2020; Van Der Horst et al., 2007). Variables measured as sedentary time included
TV watching, video games, computer use, and screen time (Mielde et al., 2017). The
following question was asked to inquire the time for which one sits out of leisurely time
on weekdays and weekends: “During weekdays, how much time do you spend per day
sitting talking with friends, laying cards, speaking on phone, reading, studying (do not
consider the time on television, videogame, computer, smartphone or tablet)?” (Tassitano

et al., 2020). In this study, sedentary time was a major variable of obesogenic behavior,
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and time other than the learning purpose of weekends and weekdays was used.

In previous studies, computer game time, game and screen viewing time, and cell
phone use time was utilized for the secondary data variables: seated time per day of the
week (Midlke et al., 2017; Kim, Choi & Kim, 2021) or sedentary time including weekdays
and weekends (Lee & La, 2021; J. Kim, 2019; Abdullah, Teo & Foo, 2016). Among the
recommended guidelines for sedentary time, the CDC limits the daily average to less than
2 hours, and in previous studies, the variable was divided into a binary of 2 hours (Lee &
La, 2021; Fleary& Freund, 2018), 3 hours (Fleary, 2017), 5 hours (Leatherdale & Ahmed,
2011) or was used as a continuous variable (Kim, Choi & Kim, 2021; J. Kim, 2019). There
was, however, not sufficient evidence to set a precise threshold (or ‘cut-off”) for the amount
of sedentary time from the research on WHO guidelines (Bull et al., 2020). It was reported
that the sedentary time of adolescents increased after COVID-19 (Cheval et al., 2021).A
recent study analyzes the sedentary life of the teenagers of 3.1- 7.6 hours/day according to
several surveysthat reported to have a sedentary time (Prince et al., 2020). In Youth
Smoking Survey in Canada, even when using a conservative estimate of average screen
time, the youth in the sample exceeded existing guidelines by over 5 hours per day; the
daily average time for each screen-based behavior also exceeded recommendations for total
screen time (Leatherdale & Ahmed, 2011). So the sedentary time standard was set to 3
hours on weekdaysand 5 hourson weekends reflecting the tendency of adolescents’ to
increase sedentary time on weekends (Zhao et al., 2019).

In a previous study that comparatively analyzed sedentary time by parental
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nationality among ethnic minority adolescents in Korea, the sedentary time of adolescents
with East Asian-born parents was shorter than that of adolescents with parents of North
Korea and other countries of birth; thus, it can be expected that there are differences in the
restraints and guidance on the sedentary time of children by parents' birth nationality (J.
Kim, 2019).

In summary, it has been reported that adolescents' sedentary time continues to
increase worldwide, and in particular, ethnic minority youth have a longer sedentary time
than Korean youth. The official upper limit on sedentary time has not been set, and only
the CDC's recommendation to reduce sedentary time as much as possible is known.

Previous studies mainly analyzed sedentary time during weekdays.

2.2.3 Obesogenic diet

The obesogenic diet is an energy-related behavior and is a major variable in calorie
intake. To measure obesogenic diet, researchers used dietary behavior questionnaires
(eating breakfast, snacking, eating out, carbonated or sugary drinks, and nutritional
supplements) differently each study, or the food frequency questionnaire (FFQ) were
mainly used as a measurement tool (Abdullah, Teo & Foo, 2016). The tool categorizes 124
food items into 15 clusters, with 15 items being “rice and noodle dishes, cereal and wheat-
based food, meat and poultry, seafood and shellfish, milk and dairy products, eggs, nuts
and legumes, tuber, vegetables, fruits, local desserts, fast food, snack foods, spread and

sauce, and drinks.” In addition, adolescents took pictures of the meal menu before meals,

21



which were then analyzed by the researchers (Daly, Foote, Wadsworth, 2017). The
obesogenic diet includes more variables than other obesogenic behaviors, and its range is
also being studied in various ways. Numerous research results have been reported on
dietary behavior patterns such that it is sufficient to perform cluster analysis with only
dietary variables. Brazilian adolescents were analyzed into three clusters: “junk food,”
“healthy,” and “traditional” (Pinho et al., 2014). Lebanese adolescents were analyzed into
two clusters, “traditional Lebanese” and “Western” (Naja et al., 2015), and Chinese
adolescents were analyzed into three clusters: “Chinese wester,” ‘“Westernization,” and
“meat diet” (Yang et al., 2016). It can be seen that the diet defined as obesogenic behaviors
derives various clusters by inputting various variables.

In the Korean literature, seven studies were analyzed using secondary data
variables: the number of days without breakfast, number of eating fruits, carbonated drinks,
sugary drinks, and fast food intake. As for other variables, in a study using the National
Health and Nutrition Examination Survey, total calories, protein, fat, carbohydrate, and
mineral intake were investigated according to the Korean Nutrient Database. As food
clusters, rice, grains, ramen, bread, pizza, hamburgers, nuts, vegetables, kimchi,
mushrooms, and fruits were investigated (Song et al., 2010). Other investigated ramen,
sweets, milk intake, meat and salt intake, meal time (Kim et al., 2012), and intake rate (Lim
etal., 2019).

Among studies on the diet of ethnic minority adolescents in Korea, several studies

have reported that dietary patterns of ethnic minority adolescents are unhealthy compared
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to Korean adolescents (Cho, 2015; Lee et al., 2015; Song, 2020). Ethnic minority
adolescents were reported to eat fewer protein foods, fruits, and vegetables, which are
healthy foods, than Korean adolescents. And Ethnic minority adolescents were found that
they are more likely to eat fast food, carbonated and sugary drinks, instant noodles, and
snacks, which are unhealthy diets (Choi, 2015).

In summary, as the main variables of diet among the secondary data studies on
obesogenic behaviors, “skipping breakfast or eating breakfast, fruit intake, vegetable intake,

sugary drinks, carbonated drinks, and fast food” were extensively used.

2.2.4 Other factors

In previous studies, factors influencing obesity include sleep (Lee & La, 2021),
drug use such as marijuana (Fleary, 2017), lazatives/enemas, diuretics, diet pills
(Balantekin et al., 2015), smoking (Lee & La, 2021; Naja et al., 2015), drinking (Lee & La,
2021). La, 2021), and experiences of physical violence (Lee & La, 2021; Fleary, 2017)
were included in obesogenic behaviors and investigated.

Lack of sleep can increase dietary needs and opportunities by disrupting hormonal
homeostasis (ghrelin and leptin) influencing obesity (Fatima et al., 2015; Pereira et al.,
2015; Taheri, 2006). Sleep has become a target for obesity prevention as sleep deprivation
causes Drug use has been reported to have a high association with obesity because it could
activate reward circuits through dopamine hormones, similar to the mechanism of food

addiction (Campana et al., 2019). Smoking was associated with low BMI because nicotine
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inhibited appetite, but there was no significant correlation between adolescents and young
adults (16-24 years old) (Jacobs, 2019).

The positive correlation between drinking and weight gain in adolescents has been
reported consistently and it is possible that regular heavy drinking gives to the transition to
obesity directly through calories from alcohol consuming, also by possibly increasing food
consumption during drinking (Fazzino et al., 2017). And the BMI of adolescents exposed
to physical violence, and physical or emotional abuse showed a positive correlation. Victim
adolescents have a high risk of negative emotional and internalization disorders, which can
contribute to binge eating and other irregular eating behaviors (Gooding et al., 2015).

In summary, health risk behaviors, safety, and damage-related factors have been
included in addition to obesogenic behaviors represented by energy-related factors. The
simultaneous occurrence of problematic behavior among adolescents is well documented.
In addition to obesogenic behavior, overall patterns of risk or damage behavior can be

identified.

2.2.5 Relationship among obesogenic behaviors
Obesogenic behaviors need to be analyzed together because not only one factor
affects obesity, but interactions between behaviors occur (Leech, Sarah & Anna, 2014).
Foreign studies, especially the study by Hardy et al. (2012) show that obesogenic
behaviors were measured with five variables. In other words, “low physical activity

practice, long sedentary time, less fruit and vegetable intake, more carbonated drinks, and
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frequent snacks intake” were investigated. As a result, it was found that about 51% of male
students and 43% of female students of 1,568 Australian adolescents had three or more
obesogenic behaviors in common (Hardy et al., 2012).

As aresult of a systematic review study on cluster analysis of obesogenic behavior,
the most frequent cluster, derived from 17 out of 55 studies, was identified as "Long
sedentary time and sugary beverage" (Mello et al., 2021). Next, the high frequency cluster
showed a pattern with no obesogenic behaviors as “High physical activity, intake of fruit
and vegetables and short sedentary time, sugary beverage”. Most of the clusters finally
consisted of three clusters: a pattern in which all variables were not obesogenic behaviors,
a pattern in which obesogenic behaviors were, and a complex pattern in which obesogenic
behaviors and non-obesogenic behaviors were mixed.

As a result of other systematic review, in about 45% (n=25) of studies (Mello et al.,
2021), obesogenic behavior variables consisted of three representative variables: physical
activity, sedentary time, and obesogenic diet, and other Sleep (Collese et al., 2019) and risk
behavior (Lazzeri et al., 2018) were included. As for the relationship between variables, a
relationship between physical activity and healthy eating habits was reported a positive
relationship. And in the case of a long sedentary time, a positive relationship with high
consumption of carbonated drinks was found, confirming a consistent pattern of
obesogenic behavior (Mello et al., 2021).

However, complex patterns with more than one negative behavior were found in

most clusters. These characteristics suggest that a multi-component plan is needed to

25



improve at least two behaviors at the same time in the intervention of adolescent obesogenic
behaviors. As a result of examining which of the obesogenic behaviors has the greatest
effect on the risk of obesity (Kim et al., 2015), a study of 2200 European adolescents
showed that TV watching(sedentary time) was an important prediction variable (Rey-
Lopez et al., 2012), in contrast, in a study of 2200 Australians adolescents, physical
inactivity was reported as the only risk factor for obesity (Chaput et al., 2012).

Meanwhile, as a representative social determinants of health influencing the
relationship between obesogenic behaviors, three papers (Fleary, 2016; Kim et al., 2015;
Maia et al., 2018;) classified male and female students, analyzed their behavioral patterns,
and suggested different intervention directions. It was suggested that male students should
sufficiently increase physical activity and decrease sedentary time. It has been reported that,
in female students, the risk of obesity may be reduced by increasing physical activity,
reducing sedentary time, or either intervention (Kim et al., 2015; Maia et al., 2018).

In summary, as for the correlation between obesogenic behaviors, various results
showed that obesogenic behaviors, non-obesogenic behaviors, or both patterns were

combined.

2.3 Social Determinants of Health Related to Obesogenic Behaviors

A scoping review was conducted to identify social determinants of health affecting
obesogenic behaviors of ethnic minority adolescents. Literature on the analysis of

obesogenic behaviors and social determinants of health by cluster including domestic
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multicultural and ethnic minority adolescents was investigated (Appendix 1). The search
period was limited to between January of 2015 and April of 2022, and four foreign
publications were selected by searching international databases including PubMed, Scopus,
EMBASE, and CINAHL, as well as Korean domestic databases RISS (Research
Information Sharing Service of Korea Education and Research Information Service) and
KISS (Korean Studies Information Service System). The specific selection criteria of the
literature were (a) peer-reviewed publications either in Korean domestic or international
journals, (b) inclusion of ethnic minority adolescents of ages 12 to 18, (c) inclusion of
physical activity, sedentary time, and obesogenic diet as dependent variables, and (d)
dependent and independent variables related to obesity or social determinants of health.
The exclusion criteria were (a) patients suffering from diseases, (b) sexual minorities, ()
studies investigating solely racial and ethnic differences as health determinants, and (d)
studies equivalent to theses or dissertations, reports, editorial letters, and abstracts for
academic symposiums.

The scoping review of the cluster analyses on obesogenic behaviors of ethnic minority
adolescents resulted in a selection of four international publications (Fleary, 2017; Kim et
al., 2015; Maia et al., 2017; Tassitano et al., 2020). Of them, two studies were conducted
in the United States by using the YRBSS data (Fleary, 2017; Kim et al., 2015), while the
other two were conducted in Brazil using the Brazilian national school health survey data
(Maia et al., 2020; Tassitano et al., 2020). All were cross-sectional studies that utilized

secondary data with sample sizes of over 5,000. The participants were in grades 9 through
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12, corresponding to ages 14 to 18.

The literature reviewed in the present study had identified two to five clusters, without
separating sex or separately analyzing each sex. When comparing obesity rates between
the clusters, the reference group tended to be determined based on the cluster with the least
obesogenic behaviors. Results showed higher obesity rates in clusters with higher
obesogenic behaviors. The cluster with the largest number of participants (30%) was
generally a cluster of patterns, rather than of obesogenic behaviors, with high physical
activity and short sedentary time (Fleary, 2017; Kim et al., 2015). Mainly, clusters of high
physical activities were reported in male students, while clusters of long sedentary time
were identified in female students (Fleary, 2017; Kim et al., 2015; Tassitano et al., 2020).
The results of the scoping review revealed that social determinants of health affecting
obesogenic behaviors in ethnic minority adolescents were primarily structural factors
(gender, race, and mother's educational level) and a couple of mediating factors (sleep time

and perceived overweight).

2.3.1 Social determinants of health

After World War 11, in 1948, the World Health Organization (WHO) defined health
as 'a state of complete physical, mental, and social well-being'. At the same time, social
determinants of health were conceptualized to mandate inter-sector measures to improve
health by solving social and environmental problems. However, in the 1950s and 1960s,

the WHO focused on eradicating diseases through technology-oriented vertical campaigns,
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not on improving health itself. It was only after the "Health for All" was advocated in the
Declaration of Alma-Ata in 1978 that the social aspects of health were highlighted and
discussions on social determinants of health began. In March 2005, WHO established the
Committee on Social Determinants of Health (CSDH). It aims to define and manage the
social factors that cause health deterioration and health inequality in partner countries
around the world (Solar & Irwin, 2010).

The CSDH defined ‘social determinants of health’ as factors that shape health
outcomes in situations in which people are born, grow, live, work, and age (WHO, 2008).
From a macroscopic point of view, it includes government, policy, land, housing, public
policy, health, education, culture, and social value. As for the secondary factor,
characteristics such as economic base, accessibility, political influence, and discrimination
hierarchically divide socioeconomic status. In addition, it controls the process in which
individual health is formed by social factors according to the distribution of resources such
as educational benefits, gender, occupation, and income as the cause, and explains that
health inequality and well-being appear as a result (Solar & Irwin, 2010).

The definition of ‘social determinants of health’ in Healthy People 2020 in the
United States is based on the concept of “place-based” and consists of five key areas:
economic stability, education, social/community context, and personal health and health.
Management, neighborhood, and healthy local environment (Office of Disease Prevention
and Health Promotion, 2020). In other foreign studies, basic housing, economic inequality,

social position, stress, education level, opportunity to participate as a member of society,
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stable employment, social support, and sufficient intake of high-quality food were
considered as social determinants of health affecting health (Wilkinson & Marmot, 2003).

Theories used for ‘social determinants of health’ about obesogenic behaviors
include behavioral models, ecological theories, social theories, and stress coping strategies
theories. These were studies that applied theories to obesity management interventions or
explored the causes of obesity through social determinants of health (Winkler et al., 2017).
Most of the participants were children and adolescents, and intervention studies that sought
to create a social environment through family, school, community, and policy changes that
belong to the environment surrounding children were insufficient. However, unlike in the
past, public awareness of the government's responsibility and the need for supportive
public policies to create a social environment is increasing today.

As a social strategy for obesity prevention in the International Obesity Task Force
(10TF), government policy, the role of the health care sector, the role of the food supply
sector, the role of the media in providing information and advertising regulation, and
obesity prevention strategies are emphasized. It can be seen that most of them are policy
and environmental approaches rather than individual approaches.

In summary, for the prevention and management of obesity around the world,
support measures are being prepared not at the individual level, but at the community or
national level according to SDOH. Regional and environmental factors surrounding
adolescents following the flow of the world, affect obesogenic behaviors. And it seemed

to appropriately apply the CSDH conceptual framework of Solar & Irwin (2010) for
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obesogenic behaviors of adolescents, which broadly embraces the social, economic, and

environmental factors that cause.

2.3.2 SDOH related to obesogenic behaviors by CSDH framework

Obesogenic behavior has been studied as a direct target behavior in preventive
intervention research as a modifiable factor in obesity intervention (Laxer et al., 2017).
Some of the obesity intervention studies among previous studies commonly aimed to
improve knowledge, attitudes, and behaviors related to obesity, but the effectiveness of the
study depended on whether social determinants of health surrounding the participants were
considered. Social determinants of health are the systematic differences in health that are
associated with varying levels of social advantage (Braveman&Gruskin, 2003). Structural
determinants (socioeconomic position) such as gender, race, and economic status, and
intermediary determinants such as stress, are implicated as risk factors for behavior change
(Ebbeling et al., 2012; Kumanyika, 2019; Plachta-Danielzik et al., 2007; Webber et al.,

2008)

2.3.2.1 Structural determinants (socioeconomic position)
In the result of our scoping review, men (Tassitano et al., 2020) or older adolescents
(Fleary, 2017) or ethnic minorities (Kim et al., 2015) had a higher number of obesogenic
behaviors. The following have been studied as structural factors affecting obesogenic

behaviors in adolescents: gender and race (Cook & Tseng, 2019; Frayon et al., 2019;
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Fleary& Freund, 2018), age (Yang et al., 2012; Frayon et al., 2019; Cook & Tseng, 2019),
parents' economic status (Park, 2015), parents' occupation, educational background
(Mielke et al.,, 2017; Frayon et al., 2019), household type, etc. Structural factors
(socioeconomic position) used in secondary data analysis of Korean literature were gender,
age, school level, economic status, and parental educational background.

The differences in obesogenic behaviors according to gender are similar across the
Korean and foreign research results. Mainly, male students practiced more physical activity
and female students had a longer sedentary time (Fleary, 2017; Kim et al., 2021; Leech et
al., 2014). The probability of practicing a healthy diet was higher among female students
(Hong, 2019; Leech et al., 2014).

As for the change in obesogenic behaviors pattern according to age, it was a
common result that sedentary time increased with increasing age (Park, 2019; Hong, 2019),
which can be inferred from the increased amount of watching TV or computer gaming and
decreased physical activity. Age is a representative social determinant of health because
changes in obesogenic behavior according to age are continuously reported.

Disparities in obesogenic behaviors by race were found worldwide because people
of ethnic minority or immigrant clusters and those living in less urbanized areas affect
income and socioeconomic status of occupations. Generally, racial differences were found
to be more negative in obesogenic behaviors as the ethnic minority or living in rural areas
(Ligthart et al., 2017; Frayon et al., 2019; Song, 2020).

Consequently, in the comparative analysis of gender and race, male students

32



revealed that Caucasians were more likely to be active athletes and have normal weight. In
addition, black male students accounted for the largest proportion in the cluster with a lot
of sedentary activities. Among the seven clusters, Hispanic male students had the largest
proportion in the cluster that ate less and moved less, and for Caucasians and
Asians/Aboriginals, the cluster that ate highly nutritious food and engaged in physical
activity for weight management took up the largest proportion. Among female students,
the proportion of Hispanic adolescents eating moderately and physically active cluster was
relatively highest, while Caucasians had the highest proportion of active exercise cluster,
and Asians/Aboriginals had the highest proportion of those who ate moderately and were
physically active (Boone-Heinonen, Gordon- Larsen, & Adair, 2008).As above,
differences in obesogenic behaviors by race were reported among adolescents.

The result of the study on obesogenic behavior differences among adolescents
according to parents' economic status and educational background, among American
adolescents, males and females in the active exercise cluster were less likely to be obese,
and their parents' economic status and educational background were higher than those in
other clusters (Boone-Heinonen, Gordon-Larsen, & Adair, 2008). Parental educational
attainment is related to health information processing ability and interest in children's
health management, and thus is a relevant factor in obese adolescents (Cook & Tseng,
2019). The lower mother's education level, sedentary time were more time for computers
or video games(Maia et al, 2018, Tassitano et al., 2020). In a Korean study, parents with

low economic status (Lim, Park & Koo, 2009; Hassink, 2009; Janssen et al., 2006) and

33



those with low educational background (Ji & Kim, 2013) had a higher obesity rate in their
children. A low parental level may reduce the purchasing power of relatively high-cost
fresh foods, and induce them to consume low-cost, high-calorie foods, which may
influence obesogenic behaviors and eventually increase the risk of obesity (Cummins &
Macintyre, 2006). In other words, it has been reported that as the socioeconomic status of
adolescents increases, the environment or opportunity changes in such a way that
obesogenic behaviors decrease, so that participation in physical activity, healthy diet, and

unhealthy diet all increase. (Laxy et al., 2015; Maia et al., 2018).

2.3.2.2 Intermediary determinants
According to the result of reviewing studies in this study, the social determinants of
health that affect clusters were sleep time(behaviors and biological factor) and perceived
overweight(psychosocial factor). The more sleep deprived, the higher the probability of
obesogenic behavior and the higher the probability that the cluster was obese (Fleary, 2017,
Tassitano et al., 2020). The more people perceived their body type as overweight, the less
likely they were to engage in obesogenic behavior (Fleary, 2017). Other intermediary

determinants related to obesogenic behavior are as follows.

Behaviors and biological factors
In previous studies, variables such as genetic factors (parental BMI), sleep, and

academic performance were included as behaviors and biological factors affecting obesity.
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The genetic factors of the biological factors of obesity need to be studied because they are
common genetic traits across races. For immigrants from countries with low obesity risk,
exposure to the material circumstance may result in a sudden “nutritive shift” effect that
accelerates weight gain, but the extent to which genetic factors influence obesity is
contentious (Kumanyika et al., 2002). The research results that parental BMI affects
children's BMI (Rodriguez-Ramirez; 2011; Naja et al. 2015) are accepted as the consensus
theory with many research results.

Since 2000, sleep time has been reconsidered as obesogenic behavior. Sleep is
known to play an important hormonal role in various physiological functions, including
energy balance, physiological needs, and weight maintenance (Lumeng et al., 2007). In a
meta-analysis of 17 studies on the relationship between sleep and obesity, it was found that
children who slept less had a 58% risk of becoming obese (Chen et al., 2008). In the Korean
literature, a pattern was confirmed where the lower the sleep time, the higher the probability
of obesity and the negative pattern of obesogenic behaviors (Lee, Kim & Hong, 2018). In
a previous study on diet, the probability of getting enough sleep decreased as one drank
more carbonated drinks and sugary drinks, and the probability of getting enough sleep
increased as one ate breakfast (Kang et al., 2018). In other words, it has been reported that
the more sleep deprived, the more obesogenic behaviors occur.

In three studies of Korean literature, it was found that the lower the academic
performance, the more carbonated and sugary drinks consumed (Hong, 2019; Kim, Joeng

& Chae, 2019; Kim, Kim & Gae, 2018). Academic performance is expected to induce
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stress in middle school students and have a complex effect on obesogenic behaviors.
Although academic performance was classified as a behavioral factor in this study, it is

expected to be affected by social and psychological factors such as stress and anxiety.

Psychosocial factors

Previous studies on psychosocial factors affecting obesity and obesogenic
behaviors revealed that emotional eating is induced by psychological factors (Sutherland,
2021). These include negative emotions such as stress, anxiety, tension, boredom,
depression, loneliness, sadness, guilt, and anger. In a Korean secondary data analysis study,
the higher the stress and depression, and the worse the subjective health status, the higher
the probability of being obese. Other socio-psychological factors that can have a positive
effect include family function, conflicts with parents and resolution methods, self-esteem,
self-control, and health beliefs (Rillamas-Sun et al., 2019; Yang, Jang & Kim, 2012). In
the case of middle school students, the overall stress perception rate was 30.4% in 2020,
and female students (36.2%) showed a higher tendency than male students (24.9%) (Korea
Disease Control and Prevention Agency, 2021). The stress perception rate of both clusters
decreased significantly compared to that in 2019 (male: 29.1%, female: 45.9%). Previous
studies (Yoo& Hwang, 2016; Lee & Cho, 2017) revealed that there was no significant
difference in stress perception between ethnic minority adolescents and Korean adolescents;
however, a comparison between ethnic minority adolescents and Korean adolescents

among adolescents who regularly participate in physical activity for more than 60 minutes

36



a day showed that ethnic minority adolescents had higher stress perception (Lee & Cho,
2017).

The rate of experiencing depressive symptom was 22.9% for all middle school
students in 2020, and female students (28.4%) had a higher rate of experiencing depressive
symptom than male students (17.8%). The rate of experiencing depressive symptom of
both clusters decreased compared to that in 2019 (male: 20.1%, female: 34.1%). It is known
that ethnic minority adolescents experience more mental health problems such as
depression, anxiety, and social adjustment than native adolescents (Alegria et al., 2019).
As a result of comparative analysis, it was reported that there was no significant difference
in the depressive feelings experienced by ethnic minority adolescents and Korean
adolescents in Korea (Jang, 2020; Kim et al., 2015).

The singularity of ethnic minority adolescents compared to Korean adolescents is
because most of the results of studies on acculturation stress in children and adolescents
reported that BMI increased when acculturation stress was high (McLeod et al., 2016). In
summary, stress, depression, and subjective health status of ethnic minority adolescents

affected obesogenic behaviors according to previous domestic studies.

Material circumstances

Since the 2000s, foreign studies on obesity have not been limited to individual
factors, but have begun to investigate various material circumstances surrounding

individuals (Feng, 2010; Hill, 1998). In other words, it was noted that obesogenic behaviors
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including eating habits and physical activity are the result of not only individual choice but
also the influence of various material circumstances. Although many scholars have
contributed to policy intervention for obesity in each country, it is emphasized that
considering obesity as an individual factor cannot explain the rapid pace of the global
obesity population over the past two decades (Glanz, 2008, Huang, 2008), and research is
actively conducted to confirm the influence of material circumstances.

In particular, there is extensive research on the relationship between material
circumstances related to obesogenic behaviors, which is an individual's lifestyle that has
the greatest influence on the occurrence of obesity, and the relationship and the occurrence
of obesity. In a previous study in the United States that utilized the Child Nutrition
Questionnaire as a tool to measure the home environment, it was found that environmental
access to obesogenic behaviors varied depending on the region of residence, resulting in
differences in weight and obesogenic behaviors (Daly et al., 2017).

The variables to consider other than the physical environment more directly in
obesogenic behaviors are socioeconomic environmental factors, such as income inequality,
poverty rate, and crime rate. It is known that both healthy and unhealthy diets are highly
available as adolescents live in more developed areas, and it has been reported that the
relationship between socioeconomic status and regional characteristics affects obesogenic
behaviors(Levy et al., 2012). The higher these indices, the higher the obesity rate of local
residents (Singh, 2008; Nelson, 2005; Gomez, 2004). Therefore, among material

circumstances of adolescents, socioeconomic indicators such as the poverty rate were
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included in obesogenic behavior research as a factor to evaluate the local environment.

Also, in previous studies in Korea, there were differences in adolescent obesity
according to city size of residential areas. It is noteworthy that the obesity rate among
children and adolescents was higher in rural areas, which correspond to county areas, than
in urban areas, and that ethnic minority adolescents lived more in county areas (Song, 2020;
Song & Song, 2019). In the Korean secondary data analysis study, “city size” was the most
used variable, the city size was a major social determinant of health in the anlysis of
secondary data related to obesity in Korea.

In addition, the physical activity related environment and regional characteristics
such as local population density, land use diversity, public transport convenience, and
access to sports facilities are reported to cause differences in obesity rates through physical
activity practice by local residents (Feng, 2010). According to results of previous studies
that analyzed the relationship between “walkability,” a measure of how the built
environment is friendly to the walking people (Wang & Yang, 2019), and the relationship
between the material circumstance of the community and obesity related to walking,
revealed that the overall obese population is lower where residential area use was high, and
it is convenient to move around by walking if the area is walking-friendly (Saelens, 2009;
Frank, 2008; Sallis, 2006). As for the relationship between the width of the park,
availability of public sports facilities, and obesity, the study showing the tendency that
obesity decreases with broader park and more sports facilities was more dominant (Mei et

al., 2021). In summary, among the material circumstances related to physical activity, the

39



width of the park and the number of public sports facilities are social determinants of health
that are highly related to obesogenic behaviors and obesity. Adolescents who frequently
use snack bars are 21% more likely to be obese (Machado-Rodrigues et al., 2018),
confirming the need to measure obesity related material circumstances.

In addition, there have been studies on environmental factors that affect an
individual's diet such as food and beverage purchases; the obesity rate in areas where fast
food restaurants are concentrated is relatively higher than in other areas (Mylona et al.,
2020; Vogli, 2011), and the distribution of fast food restaurants also affects the obesity rate
of local residents according to the ratio of other general food and beverage outlets.

It was reported that in terms of the distribution of the number of convenience stores
in the region, the higher the number of convenience stores, the higher the obesity rate (Mei
et al., 2021). Even after controlling for individual characteristics, it was confirmed that the
material circumstance of these areas still affects the individual's obesity (Mehta, 2008). In
contrast, research results have reported that obesity rates are low when access to places
where healthy ingredients, such as fruits and vegetables can be purchased and consumed,
is high (Casey, 2008). The results of these preceding studies are meaningful because they
confirmed that in the current culture where the frequency of food delivery and eating out
is gradually increasing, the distribution and accessibility of food and beverage outlets in
the region determine the food that individuals can choose, which affects obesity, a negative
health result.

It has been reported that adolescents frequently use Internet cafes to play games

40



and eat high-calorie or refined foods there (Kartal&Rakicioglu, 2020), increasing the
obesity rate in adolescents (Barbouni et al., 2017). Internet cafes related to the obesogenic

behaviors of adolescents these days are also included in the material circumstances.
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Chapter 3. Conceptual framework

3.1 Conceptual Framework of the Social Determinants of Health

CSDH has categorized the social determinants of health (WHO, 2008) into two
types: Structural determinants social determinants of health inequities (hereinafter referred
to as Structural determinants), and intermediary determinants social determinants of health
(hereinafter referred to as Intermediary determinants, Solar & Irwin, 2010). According to
a 2010 report by Solar and Irwin submitted to the WHO which discusses the social
determinants of health, the conceptual framework of CSDH demonstrates how the social,
economic, and political systems can establish socioeconomic status.

The population is stratified by factors such as income, educational level, job,
gender, race/nationality, and others; moreover, the socioeconomic status, in turn, forms
specific determinants of health (Intermediary Determinants) that reflect people’s positions
within the social hierarchy. Additionally, individuals’ experiences related to exposure and
vulnerability to health threatening conditions vary by socioeconomic status. The disease
affects a specific individual’s socioeconomic status as well as their employment
opportunities and income decline. Certain infectious diseases also have similar effects,
entirely modifying the social, economic, and political institutions. Consequently, these
interactions influence health equity and well-being. In recent decades, the social and

economic policies aimed at narrowing the gap in social factors that determine health (e.g.,
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income, education) have not had a significant effect, and inequality has persisted across
populations.

The most important socioeconomic status—the structural class and its proxy
indicators—includes income, education, job, social class, gender, race/nationality, etc.
Additionally, the socioeconomic and political contexts along with the resulting
socioeconomic status of individuals are structural determinants and are, in fact, referred to
as social determinants of health inequality. The structural factors included: @D
Governance in the broadest sense and its processes (including demand, discrimination
patterns, civil society participation, and public administration responsibilities and
transparency); (2 Macroeconomic policies that combine finance, currency, balance, trade
policy, and labor market; (3 Social policies that influence labor, social welfare,
distribution of land, and housing; @ Public policies on education, healthcare, plumbing
work, sanitary, and other related fields; and (& Cultural and social values. The
fundamental social determinants of health inequality are mediated by the determinants of
health before the formation of health outcomes. The causal priorities of the structural
determinants over intermediary determinants are emphasized, as shown in Figure 2, with
arrangement of the terms “Structural Determinants” and “Intermediary Determinants.”

The social determinants of health are divided into four categories that affect each
other: behaviors and biological factors, psychosocial factors, material circumstances, and
the health system. Material circumstances include factors such as housing, neighbors’ level
of culture, consumption potential, and working environment. Psychosocial situations
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include social psychological stressors, stressful living environments and relationships, and
social support and coping styles.

Owing to this integrated approach, the CSDH conceptual framework has been
generally applied in five fields—natural science, practical science, formal science, social
science, and applied science. In particular, among the studies comparing the social
determinants that cause an imbalance between obesity and chronic diseases according to
the CSDH conceptual framework, a study of adolescents reviewed articles on obesity and
nutrition for female adolescents by country (Fatusi& Bello, 2015). The author emphasized
that policy intervention is necessary for improving the analysis results because underweight
and obesity levels cause gaps depending on the macroeconomic and political contexts and
socioeconomic status. Furthermore, in previous studies of the systematic literature on adult
obesity in several countries, the results of obesity are characteristics of general health
inequality, and the conceptual framework of CSDH is suitable for the theoretical
framework applicable to obesity research (Kumanyika, 2019). Therefore, this study
attempts to identify the social determinants of health that affect obesogenic behavioral

clusters by applying the CSDH conceptual framework.

3.2 Conceptual Framework of the Study

Based on the conceptual framework of CSDH, the factors applied in this study are

the same as each factor of the conceptual framework shown in Figure 2. Obesogenic
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behavior—a dependent variable—is affected by structural and intermediary determinants
of the social determinants of health.

Obesogenic behavior was not identified as a single behavior but as a complex
factor; it was investigated using three items on physical inactivity, sedentary time, and
obesogenic diet, because these behaviors affect each other. The connection of the arrows
in the conceptual framework of this study indicates that structural factors and intermediary
factors (behavior and biological factors, psychosocial factors, and material circumstances)
affect obesogenic behavior. First, the structural determinants include gender, age,
nationality of parents, educational level of parents, and economic status. The patterns of
obesogenic behavior vary depending on gender, and the pattern of obesogenic behavior in
children varies due to the influence of parents’ educational background and economic
status. Moreover, intermediary determinants are sub-factors, including behaviors and
biological factors, psychosocial factors, and material circumstances that are obesogenic
environments.

In summary, the behavioral and biological factors comprised sleep duration and
academic performance, and psychosocial factors were stress, depressive symptoms, and
self-rated health that affected obesogenic behavior. Material circumstances included the
poverty rate, city size, width of parks, number of public sports facilities, number of snack
bars, number of fast food restaurants, number of convenience stores, and number of
Internet cafes in the relevant city and county to which the adolescents belong.

Eventually, a cluster of obesogenic behaviors affects health outcomes and obesity.
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However, as the dependent variable of this study was not obesity but a latent class, obesity
is indicated using a dotted line. As a result of the final study, it was schematized that the

cluster (latent class) derived after analysis affects obesity as the health result.
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Chapter 4. Methods

4.1 Study Design

This study is a secondary data analysis study to understand the social determinants
of health based on clusters of obesogenic behaviors in ethnic minority adolescents and

Korean adolescents.

4.2Sample and Data

This study used data from the 2020 Korea Youth Risk Behavior Survey (KYRBS),
which is public data. KYRBS, a nation approved survey (National Statistical Office
#117058), is a self-administrated and anonymous (did not include personal data)
guestionnaire survey conducted by the Korea Disease Control and Prevention Agency for
determining the current state of Korean adolescents’ health behaviors.

The selected sample of adolescents participated in the survey by devoting 45~50
minutes of their class time to complete the survey in the computer room of each school,
where Internet is available, from August 3 to November 13, 2020. In the 2020 KYRBS,
some schools that were difficult to be investigated in the computer room due to COVID-
19 were surveyed in the classroom under the supervision of their teachers using mobile
devices (tablet PCs and smartphones).

The target population of this study is ethnic minorities and Korean adolescents
currently living in Korea. In this study, middle school students were selected in
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consideration of the higher proportion of ethnic minority adolescents and the importance
of early intervention for obesogenic behaviors. The 2020 (16th) KYRBS selected a total of
800 schools, including 400 middle schools and 400 high schools; however, the number of
schools that actually participated was 793, and although a sample size of 57,925 students
was planned, the number of participants who participated was 54,948. Of the 28,961 middle
school students who participated in this study, 18,001 adolescents were finally included,
excluding 10,960 missing data such as parents’ nationality, weight, and height, of which
539 were ethnic minorities and 17,462 were Korean adolescents (Figure 3).

The data of the adolescents’ health behavior survey were provided through the web
download method when the researcher’s personal information was entered on the website
of Korea Disease Control and Prevention Agency and requested raw data. Regional
statistical data of physical factors were downloaded through the websites of the National

Tax Service and Statistics Korea.
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Figure 3. Study sample

4.3 Definition and Characteristics of VVariables

Variables analyzed as obesogenic behavior and social determinants of health in

this study are as same as shown in Table 1.

4.3.1 Obesogenic behavior

Data on the adolescents’ physical inactivity (revised from physical activity for
interpretation with other obesogenic behaviors), as a subcategory of obesogenic behaviors,
were collected based on two items, namely moderate intensity physical activity (MPA) and
vigorous intensity physical activity(VPA). Data on sedentary time was separated into
weekday and weekend periods and defined as time spent sitting for purposes other than

learning (watching television, gaming, Internet usage, chatting, and sitting on the move).
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There were four items in the obesogenic diet category, gathered by inquiring about the
adolescents’ activities during the past seven days, divided into the following subsections:

(&) = 2days of skipping breakfast, (b) < 2 times/day of eating fruits, (c) = 3times/week
of drinking unhealthy drinks; carbonated or sugary drinks, (d) = 3 times/week of eating

fast foods.

Moderate-intensity physical activity(MPA)was defined as “the number of days out
of the past 7 days that yourheart rate was increased or you felt short of breath when
engaging in a physical activity for more than 60 minutes. ”Vigorous intensity physical
activity(VPA)was defined as “the number of days out of out of the past 7 days that you
exercised until you were short of breath or broke a sweat for more than 20 minutes.”
Physical activity was based on the official indicators of the CDC's Youth Risk Behavior
Surveillance System (2019) and Korea Disease Control and Prevention Agency (KCDA),
on the rate of moderate or vigorous physical activity practice in adolescents. MPA was
used as a nominal measure of the dichotomy by re-categorizing whether to practice it for 5
or more days a week and VPA for 3 or more days a week. The variable response values
and questions were modified so the higher the variable of obesogenic behavior response
value, the worse it was considered. For MPA, engaging 5 or more days a week was
categorized as a “Low,” and less than 5 days a week was categorized as a “High” For VPA,
engaging 3 or more days a week was categorized as a “Low” and less than 3 days was
categorized as a “High.”

The sedentary time was defined as the adolescents’ average time in the last 7
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days spent sitting for purposes other than learning on a weekday' in the last 7 days (Uddin,
et al., 2020). The CDC's YRBBS recommends a sedentary time maximum of 2 hours, and
WHO's GSHS(Global School-based Student Health Survey)presents a sedentary time
index of 3 hours, the previous study reported sedentary time over 5 hours. However, since
many participants exceeded the index value, the sedentary time, for purposes other than
learning, was classified into less than 3 hours and 3 or more hours on weekdays, or into
less than 5 hours and 5 or more hours on weekends, according to reference (Leatherdale &
Ahmed, 2011; Prince et al., 2020).

For the obesogenic diet, the researchers inquired about the number of days in the
last 7 days that the adolescents had eaten breakfast, and their frequency of eating fruits,
drinking soft drinks or sugary drinks, and eating fast foods. The variable response values
and questions were modified so that the higher the variable of obesogenic behavior
response value, the more obesogenic behaviors it was. The variables were defined as the
number of days in the last 7 days that the adolescents skipped breakfast, ate fruits, drank
unhealthy drinks; carbonated or sugary drinks, and ate fast food. Skipping breakfast was
re-categorized into those who ate for more than 2 days as ‘High’, and those who did not,
as ‘Low’, based on the index of eating for more than 5 days, which is an index of YRBSS.
Eating fruit was categorized as 'less than twice a day’ as ‘High’, ‘twice a day or more’ as
‘Low’ according to the recommended intake for adolescents, at least twice a day (Ministry
of Health and Welfare, 2020).

Unhealthy drinks; carbonated or sugary drinks were merged into a similar concept
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and converted into one variable. It was categorized as 'less than three times in a week’ as

‘Low’ or ‘three times or more in a week' as ‘High’ according to the index of GSHS and

YRBSS. Fast food intake was reclassified to 'less than three times in a week’ as ‘Low’ or

‘three times or more in a week’ as ‘High’ according to the index of GSHS and YRBSS.

Table 1. Category of variables in obesogenic behavior

Category  Variables Response Reclassification Reference
Physical MPA 1=0day,2=1day,3=2days, 02= > 5 days/week Indicator of
inactivity 4 = 3 days, 5=4 days, 6=5days,  13= <5 days/week KCDC,
7=6 days, 8=7 days YRBSS
VPA 1==0day, 2 =1day, 3=2days, 02= > 3 days/week Indicator of
4 =3days, 5=4 days, 6= > 5  1%=<3days/week KCDC,
days YRBSS
Sedentary Weekdays __ hours__ minutes 0%= < 3 hours Index of GSHS
time 13= > 3 hours
Weekend __ hours___ minutes 0%= <5 hours Prince et al.,
13= = 5hours 2020
Obesogenic ~ Skipping 1=0day, 2 =1day, 3=2days, 0°=<2days/week Indicator of
diet breakfast 4 =3 days, 5=4 days, 6=5days, 13= > 2 days/week KCDC,
7= 6 days, 8=7 days YRBSS
Eatingfruit 1= 0 day, 0%= > 2times/day Ministry of
2=1-2 times/week, 13= < 2 times/day ~ Health and
3=3-4 times/week, Welfare, 2020
Drinking 4= 5-6 times/week, 0%= < 3 times/week Index of GSHS
unhealthy 5= 1 time/day, 13= >3 times/week and YRBSS
drinks? 6= 2 times/day,
Eating fast 7= = 3times/day 02= < 3 times/week Index of GSHS
food 13= =3times/week and YRBSS

Note. MPA: Moderate intensity physical activity, VPA: Vigorous intensity physical activity

1= carbonated or sugary drinks, 2= Low, 3= High
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4.3.2 Social determinants of health
4.3.2.1 Structural determinants (socioeconomic position)

Specific variables of Structural determinants are gender, age, nationality of parents,
education level of parents, and economic status. Genders are two nominal scales: Males,
and females. Age was an interval scale. The nationality of the father was categorized
according to the frequency of the participants' responses among the 13 nationalities stated
in response to the question, 'In which country was the student's father born?' As a result of
confirming the order of the mother's birth country, it included China(Korean ) and Chinese
nationality, like the father's birth country, but Vietnam was added as a response item
because there were many mothers born in Vietnam. As for the parents' educational
background, four nominal measures of middle school graduation or lower, high school
graduation, university graduation or higher (including college graduation), were used the
same responses in KYRBS. The economic status was used without re-categorizing the
response as a five-point Likert ranking scale of 'high, middle-high, middle, middle-low,

low" in response to the question 'What is the economic status of the family?'

4.3.2.2 Intermediary determinants
Behaviors and biological factors
Sleep time and academic performance are included in Behaviors and Biological
Factors. For sleep time, this study obtains the mean of sleep hours in a day from the

guestion “bedtime on weekdays, wake-up time on weekdays, bedtime on the weekend,
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wake-up time on the weekend in the last 7 days” by calculating the unit of an hour. Sleep
time was a continuous variable. For academic performance, the question was “How was
your academic grade in the last 12 months?” and in order of Likert ordinal scale: ‘Very

well, well, moderate, bad, very bad’ and used the items without re-categorization.

Psychosocial Factors

Psychosocial factors include three entire variables ‘Stress, Depressive Symptoms,
and Self-rated Health’. For stress, the question was “How much are you suffering from
stress?” in order of Likert ordinal scale: ‘Very much suffering, much suffering, a little
suffering, not much suffering, never suffering” and used the items in reverse order due to
simplicity side of result analysis. For depressive symptoms, the question was “Have you
ever felt sorrow that make you quit from your daily life or feel despair for two whole weeks
within the last twelve months?” as in two items “Yes or No”, and used the items of 2
nominal scales which are changed in reverse order. For self-rated health, the question was
“How is your physical condition on ordinary days?” in order of Likert ordinal Scale: ‘Very
healthy, healthy, moderate, unhealthy, Very unhealthy’ and used the items by two
categories as Healthy (Very healthy, healthy and moderate), or Not healthy(unhealthy and

very unhealthy).

Material Circumstances

The Korea Youth Risk Behavior Survey (KYRBS) categorized 17 cities, provinces,
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counties, and provincial districts into three clusters: metropolitan city, small city, and
county area. Model sampling schools were selected after categorizing them into 39 local
clusters according to geographical accessibility, the number of local schools and population,
life environment, smoking rates, drinking rates, etc. Referring to prior research that
included associated variables about objectively measurable material circumstances, the
researchers included information about the number of public sports facilities, snack bars,
fast food restaurants, convenience stores, and Internet cafes per 100,000 people in the 39
regional clusters where the participants lived (Table 2). This study also considered material
circumstances including variables such as the poverty rate of the regional clusters, city size,
and width of parks.

The point of time of the survey in this study was at August 2020 or December 31st,
2020 as statistics had written, considering of Korea Youth Risk Behavior Survey had

gathered data from August to November 2020 (Table 3).
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Table 2. Category of variables in social determinants of health

Category Variables Response Reclassification
Structural determinants
Socioeconomic  Gender 1=Male, 2=Female Same
position Age __yearsold Same
Nationality of father 1=China (Korean), 2=China, 1= China (Korean)
3=North Korea, 4=Vietnam, 2= China
5=Philippine, 6= Japan, 3=Etc
Nationality of mother 7=Taiwan, 8=Mongol, 9=Thai, 1= China (Korean)
10=Cambodia, 2= China
11=Uzbekistan, 12=Russia, 3= Vietnam
13=Etc 4= Etc
Education levelof father 1= < Middle school, 2= High Same
Education level of mother school, 3= University,
4= Unknown
Economic status 1=High, 2=Middle-high, Same

3=Middle, 4=Middle-low, 5=Low
Intermediary determinants

Behaviors and ~ Sleep time Bedtime on weekdays, wake-up  Hours(calculated)
biological time on weekdays,
factors bedtime on weekends, wake-up
time on the weekend
Academic performance 1=Very well, 2=Well, Same
3=Moderate, 4=Bad, 5=Very bad
Psychosocial ~ Stress 1=Very much felt, 2=Much felt, 1=5, 2=4, 3=3, 4=2, 5=1
factors 3=A little felt,
4=Not much felt, 5= Never felt
Depressive symptom 1=No in the last 12 months, 2=Yes 0= Yes, 1= No
Self-rated health 1=Very healthy, 2=Healthy, 0=4,5 (Unhealthy),
3=Moderate, 4=Unhealthy, 1=1-3 (Healthy)
5=Very unhealthy
Material Poverty rate (Recipient of national basic Same
circumstances livelihood guarantees in relevant
city / Population in the relevant
city *100
City size 1= County area, 1=Metropolitan city,
2=Metropolitan city, 2=Small city,
3=Small city 3=County area
Width of parks Width of parks/ width of relevant
. Same
city
The number of public sports facilities - Calculating Same
The number of snack bars (The number of facilities in the

The number of fast foo_d restaurants oo\ ot city / Population in the
The number of convenience stores | itv*100.000
The number of internet cafe relevant city '

Variable for BMI Height, Weight __kg/m?

validity Obesity classification 1= Underweight: %tile< 5
2= Normal weight: 5<%tile <85
3= Overweight: 85<%tile<95
4= Obesity:  95< %tile
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Table 3. Reference of variables of material circumstances

Variables The point of time of the survey Reference
Poverty rate August 2020 Bokjiro, Social security statistics
City size August to November2020 KYRBS
Width of parks December 31, 2020 Ministry of Land, Infrastructure
The number of public sports and Transport, Urban planning
facilities status
The number of snack bars End of August 2020 The National Tax Service,
The number of fast food Present state of business place
restaurants (Top 100 Lifestyle Industries)
The number of convenience
stores

The number of Internet cafes
Note: KYRBS=Korea Youth Risk Behavior Survey

4.3.3 Obesity classification

To confirm the validity of each of the cluster classifications of ethnic minority
adolescents and Korean adolescents, the difference in the probability of becoming obese
for each cluster, Body Mass Index(BMI)had been changed to categorical variables of
obesity classification. BMI is calculated based on the data of “Height and Weight” which
candidate adolescents self-reported subjectively in the Korea Youth Risk Behavior
Survey(KYRBS), this study compared the obesity classification between ethnic minority
adolescents and Korean adolescents by considering gender, age, and percentile according
to BMI. That is based on the 2017 Korean National Growth Charts for children and
adolescents (J. Kim et al., 2018). Then composing categorical variables, 4 nominal scales
are divided as Obesity (95<percentile), Overweight (85<percentile <95), Normal weight

(5<percentile <85), and Underweight (percentile < 5).
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4.4 Data Analysis

First, comparing the frequency and mean of obesogenic behavior and social
determinants of health between ethnic minority adolescents and Korean adolescents by chi-
square test or t-test.

Second, doing latent class analysis about eight questions related to obesogenic
behavior of ethnic minority adolescents and Korean adolescents by cluster to identify the
latent class of obesogenic behavior which has a response probability value that is
heterogeneity.

Third, identifying differences in obesogenic behavior between the cluster of ethnic
minority adolescents and Korean adolescents out.

Fourth, using multinomial logistic regression of cluster for multivariate analysis
including social determinants of health after cluster analysis.

Fifth, analyze multinomial logistic regression and predict probability analysis to
identify the difference in obesity classification between clusters of ethnic minority

adolescents and Korean adolescents’ obesogenic behavior.

Both ethnic minority adolescents and Korean adolescents are differed by more than
10 times. Because this study distributed sample size by considering clusters of city-

province, city size/area cluster from the stage of sampling design, this is the sample which
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reflects size differential of both clusters in population. It is at risk of comparing by making
values equally when the population ratio is different from other data, which leads to a faulty
result that ignores the whole proportion of the population (Smith, 2004). Therefore, it is
possible to do a comparative analysis of two clusters by using the chi-square test, and t-
test. This study used latent class analysis, one of the cluster analyses.

In KYRBS, weights were calculated according to the ratio of stratified classes such
as attempts, school types, and class types planned in the sample survey design stage. Since
the participant was selected according to the purpose of this study, the original frame ratio
is destroyed in the subsampling stage, and the data is distorted when the weight is applied
(Cunningham & Huguet, 2012). When subsampling, it is impossible to calculate everything
when there are more than 10 variables because the ratio of the participant's attempt, school
type, and class type must be calculated and combined for each variable. Since it is difficult
to apply weights during subcluster analysis, it is adopted as a general analysis rather than
‘complex sample design'. As a result, although it is a survey representing Korean
adolescents, there is a disadvantage in that such data sampling loses its representation
(Saylor et al., 2012) because weights reflecting samples across the country are not applied.
To apply the weights, it should be used up the entire sample of raw data and not delete
missing. However, when analyzing the multiple regression of the entire sample, all missing
is deleted and analyzed, so it is impossible to apply the weight if there is missing data.

Latent class analysis is a method of analysis when categorizing different

subordinate clusters in a population basis on the replication pattern of categorical variables.
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Cluster Analysis, a traditional way of statistics, is known as a method that gathers similar
pattern cases into a cluster depending on variables, but there is a limitation that there’s no
index or test to decide the number of clusters. For that reason, there might be biases caused
by the researcher’s subjective judgment.

Whereas latent class analysis has the advantage that classifying subordinate latent
classes basis on Posterior Class Membership Probability and utilizing an official statistical
process. In contrast with confirmatory factor analysis which gathers variables as a common
factor, latent class analysis classifies candidates into subordinate latent classes based on
replication pattern by index so that the analysis gets attention as an analysis method due to
its person-centered accessible attributes (Nylund et al., 2004; Lanza et al., 2010;Visser
&Depaoli, 2022).

Generally, the latent class analysis assumes mutuality independent of each of the
observed variables, selects the best model by confirming each model’s suitability on
statistical criteria, starting from a cluster, and increases the number of clusters one by one
(Collins & Lanza, 2009). The number of the final model’s latent class is determined by
utilizing fit indices AIC (Akaike Information Criteria), BIC (Bayesian Information
Criteria), SSABIC (Sample-size adjusted BIC), VLMR-LRT (Voung-Lo-Mendell-Rubin
Likelihood Ratio Test), Entropy. So as the Goodness of fit index for assuming latent class,
AIC, BIC, SSABIC are used, and it is considered that the lower figures, the better goodness.
Model fit was assessed using the AIC,BIC and SSABIC, with lower values indicating a

better fit. The VLMR-LRT was also calculated. VLMR-LRT tested the parsimony of one
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more model against a model with one fewer class (e.g. 2 vs. 1 classes), provided with the
probability (p-value) that the one more model is not an appropriate on the model containing
one fewer class (Lo et al., 2001; Nylund et al., 2007). VLMR-LRT of latent class analysis
is composed by testing statistical significance between the differences in models of “k
cluster” and “k-1 cluster,” If the p-value is not significant, the model of “k-1 cluster” is
better than the model of “k cluster” (Lo et al., 2001). Moreover, the Entropy index means
the average classification accuracy on each observation value, it is indicated between 0~1,
and it means the observation objective is classified in a specific cluster correctly when it is
getting closer to 1 (Jedidi, Ramaswamy, & Desarbo, 1993). But the best model is known
that it is desirable to decide considering overall not only the statistical criteria of AIC, BIC,
SSABIC, and Entropy, but also the simplicity of the model, analysis possibility of latent
class, distribution range (the least ratio over 5% contrast in total subjects) (Jung
&Wickrama, 2008). It was performed for research analysis by LatentGOLD 6.0 (Statistical
Innovations, Belmont MA, USA) for latent class analysis , SPSS Statistics 26.0 (IBM Corp,
Chicago IL, USA) and Stata 16.0(Stata Corp, College Station, TX, USA) for analyzing
multinomial logistic regression, and SAS 9.4 version (SAS Institute, Cary, NC, USA) for

calculating BMI by sex and age of adolescents in Korean.

4.5 Ethical Considerations

This research is a secondary data analysis utilizing the 16th 2020 Korea Youth Risk

Behavior Survey and regional statistics of public data. The researcher could request the
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data of the Korea Youth Risk Behavior Survey (KYRBS) via the Internet website of the
Korea Disease Control and Prevention Agency by giving the researcher’s personal
information (name, email address and affiliation) to them.

All data for the study are collected in serial numbers which are unable to identify
personal data so that secure the anonymity of candidates and confidentiality. This study
had analyzed after obtaining approval of exemption from the Institutional Review Board

of Severance Hospital, Yonsei University Health System (IRB No. 4-2022-0083).
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Chapter 5. Results

5.1 Differences in Obesogenic Behaviors and Obesity
5.1.1 Differences in obesogenic behavior between ethnic minority

adolescents and Korean adolescents

Table 4 showed the obesogenic behavior between ethnic minority adolescents and
Korean adolescents. Regarding the physical activity of ethnic minority adolescents, 84.0%
of those practiced MPA less than 5 days a week, which is similar to the MPA level of
Korean adolescents (83.1%) with no statistically significant difference (x?=0.31, p=.578).
Similarly, the level of VPA less than 3 days a week among ethnic minority adolescents and
Korean adolescents was 69.6 vs. 67.9%, respectively and the difference was not
statistically significant (x>=0.69, p=.408).

In the sedentary time of ethnic minority adolescents, 65.9% of those spent three
hours or more sedentary time on weekdays, which is different in the sedentary time of
Korean adolescents(60.5%) in weekdays with a statistically significant difference(x?=6.35,
p=.012).Similarly, sedentary time in weekends among ethnic minority adolescents and
Korean adolescents64.7% vs. 53.9%, respectively and the difference was statistically
significant (x=24.62, p<.001).

The majority of ethnic minority adolescents(93.3% ) had fruit less than twice a day

per week while 90.5% of Korean adolescents had fruit less than twice a day per week.
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There was a statistically significant difference between two groups (x?=4.79, p=.029).

About the fast food of ethnic minority adolescents, 17.3% of those who consumed
fast food 3 or more times a week, which is different from consuming fast food among
Korean adolescents (21.5%) with a statistically significant difference among ethnic
minority adolescents and Korean adolescents (x?=5.56, p=.018).

There was no statistically significant difference in the case of ethnic minority youth
skipping breakfast two days a week or more, and 20.4% and 18.5% of Korean youth. There
was also no statistically significant difference in the consumption of unhealthy drinks
(carbonated or sugary) among ethnic minority adolescents, with 54.9% of those who

consumed three or more times a week and 52.2% of Korean adolescents.
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Table 4. Comparison of obesogenic behaviors among ethnic minority adolescents and Korean
adolescents(N = 18,001)

Ethnic minority Korean
Variables (n=539) (n=17,462) x2or F p-value
n (%)
Physical MPA Low 86 (16.0) 2945  (16.9) 0.31 578
inactivity (< 5 days/week)
High 453  (84.0) 14517 (83.1)
VPA Low 164 (30.4) 5608 (32.1) 0.69 408
(< 3 days/week)
High 375 (69.6) 11854 (67.9)
Sedentary  Weekdays Low 184 (34.1) 6901 (39.5) 6.35  .012
time (=3 hours/day)
High 355 (65.9) 10561  (60.5)
Weekends Low 190 (35.3) 8043 (46.1) 2462  <.001
(=5 hours/day)
High 349 (64.7) 9419 (53.9)
Obesogenic  Skipping Low 429 (79.6) 5794 (81.5) 127  .260
diet breakfast
(=2 daysiweek)  pigh 110 (20.4) 8439 (18.5)
Eating fruit Low 36 (6.7) 1654 (9.5) 479 029
(<2 times/day)
High 503 (93.3) 15808  (90.5)
Unhealthy Low 243 (45.1) 8348 (47.8) 1.55 213
drinks?
(= 3times/week)  pyigp 296 (54.9) 9114 (52.2)
Eating fastfood [ ow 446 (82.7) 13711 (78.5) 556  .018
(= 3times/week)
High 93 (17.3) 3751 (21.5)

Note. MPA=Moderate intensity physical activity, VPA=Vigorous intensity physical activity,
=carbonated or sugary drinks
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5.1.2 Differences in obesity between ethnic minority adolescents

and Korean adolescents

Figure 4 shows the results of comparing the obesity classification of ethnic
minority adolescents and Korean adolescents by obesity, overweight, normal weight, and
underweight, respectively. The percentage for obesity ethnic minority adolescents was 15.6%
(n=84), higher than 11.2% (n=1,954) for Korean adolescents. The percentage of
overweight ethnic minority adolescents was 10.4% (n=56) and that of overweight Korean
adolescents was 10.6% (n=1,843), which were similar. The percentage of ethnic minority
adolescents with normal weight was 66.2% (n=357) lower than 71.5% (n=12,488) of
Korean adolescents. Among the underweight adolescents, the percentage of an ethnic
minority was 7.8% (n=42), and that of Korean adolescents was 6.7% (n=1,177). As a result
of the chi-square test, the obesity classification of both groups was statistically significant

(x?=11.83, p-value=.008).
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Figure 4. Comparison of obesity in ethnic minority adolescents and Korean adolescents
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5.2 Difference in Social Determinants of Health

5.2.1 Structural determinants

Among the structural determinants of ethnic minority adolescents and Korean
adolescents, there were statistically significant differences in the variables for age, parents'
education level, and economic status (Table 5). The mean age was 13.42 (+0.99) years for
ethnic minority adolescents and 13.64 = (0.93) years for Korean adolescents. The
difference in mean age among both groups was statistically significant (F=4.51, p-
value=.034). More than 40 % of ethnic minority adolescents reported not knowing their
parents’ educational level (fathers: 44.5%, mothers: 49.4%), and the majority of students
who knew their parents’ educational level, reported their parents were high school
graduates (fathers: 27.6%, mothers: 22.6%). However, a difference in the educational level
was confirmed between parents of ethnic minority adolescents and Korean
adolescents(father; x>=571.75, p<.001, Mother: x*> = 463.53, p<.001), with more than 50%
of the respondents reporting that both parents were college graduates(fathers: 57.5%,
mothers: 56.7%).

Among the adolescents who responded that their family’s economic status was
“high,” the percentage of ethnic minority adolescents was 6.7% and that of Korean
adolescents was 14.2%. Additionally, among the adolescents whose family’s economic
status was “middle-high,” the proportion of ethnic minority adolescents was 19.1% and

that of Korean adolescents was 32.1%, with statistically significant differences (x>=109.15,
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p<.001).

The difference in gender between the two groups was not statistically significant.
As a result of determining the country of birth of the parents of ethnic minority adolescents,
the most common nationality among fathers was Korean at 80.0%, and that among mothers

was Vietnamese at 32.1%.

5.2.2 Intermediary determinants

5.2.2.1 Behaviors and biological factors

There was a statistically significant difference in academic performance, with 8.2%
of ethnic minority adolescents and 17.4% of Korean adolescents responding to 'very well'
(x3=106.01, p<.001). The average sleep time was 7.16 (+1.47) hours for ethnic minority
adolescents and 6.92 (+1.45) hours for Korean adolescents, which was a longer sleep time

for ethnic minority adolescents, although there was no statistically significant difference.

5.2.2.2 Psychosocial factors

In the self-rated health status, 8.9% of ethnic minority adolescents, and 5.1% of
Korean adolescents were “unhealthy”. Consequently, ethnic minority adolescents were
unhealthier, and there was a statistically significant difference ( x?=14.81, p<.001). In the
stress, 8.3% of ethnic minority adolescents, and 5.9% of Korean adolescents were “very
much”. In the depressive symptoms, 21.5% of ethnic minority adolescents, and 21.3% of

Korean adolescents were “Yes”. There were no statistically significant differences between
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the two groups in the variables for stress and depressive symptom.

5.2.2.3 Material circumstance

In terms of city size, 47.7% of ethnic minority adolescents and 50.2% of Korean
adolescents lived in small cities, while 14.1% of ethnic minority adolescents lived in the
county area, which was statistically significantly higher than 7.1% of Korean adolescents
( x?=37.53, p<.001). In addition, the mean number of public sports facilities was 2.42
(£2.54) for ethnic minority adolescents and 2.06 (+2.11) for Korean adolescents, and there
were statistically significant differences in the residential area of the two groups (F=22.88,
p<.001). There were no significant differences between the two groups in terms of poverty
rate, the width of parks, number of snack bars, number of fast food restaurants, number of

convenience stores, and number of Internet cafes.
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Table 5. Comparison of the social determinants of health among ethnic minority adolescents and

Korean adolescents

(N = 18,001)

Variables

Ethnic

minority(n=539)

Korean
(n=17,462)

n (%)/ Mean + SD

x?or F p-value

Structural determinants
Socioeconomic position
Gender Male
Female
Age
Nationality of fathers ~ Korean
Korean Chinese
Chinese
the other
Nationality of mothers  Korean

Korean

Chinese

Chinese
Vietnamese

the other
Father’s educational Middle school
level High school

University

Unknown

Mother’s educational Middle school
level High school
University

Unknown

263
276
13.42
431
41

19

48
30

94

86

173

156

49
149
101
240

33

122

118

266

(48.8)
(51.2)
+0.99
(80.0)
(7.6)
(3.5)
(8.9)
(5.6)

(17.4)

(16.0)
(32.1)
(28.9)
(9.2)

(27.6)
(18.7)
(44.5)
(6.1)

(22.6)
(21.9)

(49.4)

8631
8831
13.64

17,462

17,462

154
3098
10045
4165
131

3688

9904

3739

(49.4)
(50.6)
+0.93
(100.0)

(100.0)

(0.9)
17.7)
(57.5)
(23.9)
(0.8)

(21.1)

(56.7)

(21.4)

0.84 a72

451 .034

571.75 <.001

463.53 <.001
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Ethnic minority Korean
Variables (n=539) (n=17,462) x?orF p-value
n (%)/ Mean + SD
Economic status High 36 (6.7) 2481 (14.2) 109.15 <.001
Middle-high 103 (19.1) 5614 (32.1)
Middle 307 (57.0) 7852  (45.0)
Middle-low 82 (15.2) 1314 (7.5)
Low 11 (2.0) 201 (1.2
Intermediary determinants
Behaviors and biological factors
Sleep time (hours) 7.16 +1.47 6.92 1145 0.49 .824
Academic Very well 44 (8.2) 3054 (17.4) 106.01 <.001
performance Well 100 (18.6) 5219  (29.9)
Moderate 184 (34.1) 5070 (29.0)
Bad 154 (28.6) 3063 (17.5)
Very bad 57 (10.6) 1065 (6.1)
Psychosocial factors
Stress Never 23 (4.3 709 (4.1) 5.92 .206
Not much 107 (19.9) 3670 (21.0)
A little 237 (44.0) 7988 (45.7)
Much 127 (23.6) 4061 (23.3)
Very much 45 (8.3) 1034 (5.9)
Depressive symptoms  No 423 (78.5) 13750 (78.7) 0.22 .883
Yes 116 (21.5) 3712 (21.3)
Self-rated health Unhealthy 48 (8.9) 899 (5.1) 14.81 <.001
Healthy 491 (91.1) 16563 (94.9)
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Ethnic minority Korean
Variables (n=539) (n=17,462) x2or F  p-value

n (%)/ Mean £+ SD

Material circumstances

Poverty rate 435 +1.23 429 141 1.82 178
City size Metropolitan city 206 (38.2) 7446 (42.6) 37.53 <.001
Small city 257 (47.7) 8769 (50.2)
County area 76 (14.1) 1247 (7.1)
Width of parks 0.03 +0.03 0.04 +£0.03 0.13 719
The number of public sports facilities 242 254 206 =211 2288 <.001
The number of snack bars 105.20 #2561 106.96 +28.23 0.26 609
The number of fast food restaurants 84.05 #£17.10 83.26 £16.19 229 130
The number of convenience stores 87.14 +22.46 87.81 +23.08 0.17 676
The number of internet cafes 10.03 +4.45 19.60 +4.58 0.03 869

Note:SD = Standard deviation,
The number of= The number of facilities in the relevant city / Population in the relevant city*100,000

74



5.3 Cluster of Obesogenic Behaviors

For cluster analysis, the fitness of each model was analyzed by increasing the
number of clusters from one cluster to one on the premise of mutual independence. As a
result, ethnic minority adolescents were classified into three clusters (Table 6). To select
the appropriate number of latent classes, we estimated 1 to 5 class models. The number of
classes were selected by model fit indices, in sequence as Bayesian Information Criteria
(BIC), Akaike Information Criteria (AIC), Voung-Lo-Mendell-Rubin Likelihood Ratio
Test (VLMR-LRT), the p-value, the entropy value, and class membership
probability(cluster size).

Among ethnic minority adolescents, as the model fit index, BIC and AIC were
used, the lower the number, the better the model fit. If the number of clusters was three,
the BIC value was 4432.21, which tended to be the probability of clustering to three clusters
in Table 6. The AIC value decreased as the number of clusters increased; therefore, five
clusters were evaluated as the most suitable. In addition, the model comparison verification
of the latent class analysis was conducted through the (VLMR-LRT), and the p-value of
one - five clusters were judged to be appropriate. Additionally, in the case of ethnic
minority adolescents, the entropy value of the cluster 5 was 0.788, which was closest to 1.
Lastly, since the class membership probability (cluster size) should normally exceed 0.05
of the total for each cluster in Table 7 (Jung &Wickrama, 2008), one to four clusters were
found to be appropriate. Thus, three clusters were finally determined considering every

value of the model fit index.
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Among Korean adolescents, first of all, BIC and AIC were checked. If the number of
clusters was four, the BIC value was 145896.11; if the number of clusters was five, the BIC
value was 145564.11, which tended to be the probability of clustering four or five clusters
in Table 6. The AIC value decreased as the number of clusters increased, and thus, five
clusters were evaluated as the most suitable. In addition, the model comparison verification
of the latent class analysis was conducted through VLMR-LRT, and the p-value for all five
clusters was <.001. The entropy value in cluster three was 0.714, which was closest to 1.
As the cluster size should normally exceed 0.05 of the total for each cluster (Jung
&Wickrama, 2008), it could be one to five clusters (Table 7); however, three clusters were

finally determined considering other model fix indexes.
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Table 6. Fit statistics of the clusters of obesogenic behaviors among ethnic minority adolescents
and Korean adolescents

Adolescents glfulr;tére\; Liklgﬁ%;)o q Efgggf)r?]f BIC AIC V::RMTR' Entropy
classes
Ethnic 1 -2287.38 247 4625.09  4590.77 - 1.000
minorty 2 -2195.32 238 4497.57 442464 184.12°7 0.742
3 -2134.34 229 443221 432068  121.96™ 0.728
4 -2117.35 220 4454.85 430471 33.98" 0.759
5 -2106.97 211 4490.69  4301.94 20.77° 0.788
Korean 1 -77654.74 247 155387.63  155325.49 - 1.000
2 -75172.29 238 150510.64  150378.58  4964.903"*  0.683
3 -73069.40 229 146392.76  146190.80  4205.784™*  0.714
4 -72777.12 220 145896.11  145624.24  584.5655™"  0.647
5 -72567.17 211 145564.11  145222.33  419.9036™"  0.632
Note: ": <.05, *:<.01, *™:<.001

Table 7. Class membership probability among ethnic minority adolescents and

Korean adolescents

Cluster size
Adolescents
1 2 3 4 5
Ethnic 1.000
minority
0.666 0.334
0.559 0.261 0.180
0.522 0.210 0.173 0.095
0.515 0.204 0.139 0.099 0.044
Korean 1.000
0.756 0.244
0.488 0.358 0.153
0.428 0.326 0.144 0.102
0.371 0.232 0.190 0.110 0.097
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5.4 Cluster-specific Characteristics of Obesogenic Behavior

Ethnic minority adolescents and Korean adolescents were classified into three
clusters through latent class analysis. The response item of eight obesogenic behaviors was
classified according to the criteria of previous studies mentioned in the operational
definition. Additionally, the response was modified so that the higher the value of the eight
variables, the more obesogenic behaviors. All response values were converted into
percentages based on 0-100 to compare the ratio of obesogenic behavioral variables by
cluster. Among these, 50% were divided into upper and lower clusters, and the cluster
name was determined based on problematic behaviors of more than 50% of the cluster
name. In Tables9and 10, the higher the percentage, the worse the obesogenic behavior was.

In Table 8, the first cluster of ethnic minorities was “Inactive & unhealthy eater”
(a cluster that was high in Pl; MPA was less than 5 days, VPA was less than 3 days, had a
long sedentary time, and practices an unhealthy diet; eating less fruit, unhealthy drinks),
the second cluster was “Moderately active & unhealthy eater” (a cluster that was low in PI;
MPA was 5 days or more, VPA was 3 days or more, has a long sedentary time, and
practices an unhealthy diet; eating less fruit, unhealthy drinks)and the third cluster was
“Active & healthy eater” (a cluster that was high in PI; MPA was less than 5 days, VPA
was less than 3 days and has a short sedentary time and practiced a healthy diet; not
skipping breakfast, not drinking unhealthy drinks).

Compared with the cluster classification of ethnic minority adolescents, the cluster
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characteristics in Korean adolescents of cluster 1, cluster 2, and cluster 3 were similar,
respectively. There were subtle differences in sedentary time and dietary variables between

ethnic minority adolescents and Korean adolescents.

Table 8. The final cluster’s common name

Cluster number Cluster 1 Cluster 2 Cluster 3
High PI Low PI High PI
Character High ST High ST Low ST
Unhealthy diet Unhealthy diet Healthy diet
Inactive & Moderately active& Active &

Common name unhealthy eater unhealthy eater healthy eater

Note: PI = Physical inactivity, ST = Sedentary time

5.4.1 Ethnic minority adolescents

Ethnic minority adolescents were classified into three clusters using latent class
analysis. The response variables of eight obesogenic behaviors were classified according
to the criteria of previous studies mentioned in the operational definition. All response
values were converted into percentages based on 0-100 to compare the ratio of obesogenic
behavioral variables by cluster. Among these, 50% each were divided into upper and lower
clusters, and the cluster name was determined based on problematic behaviors of more than
50% of the cluster name. In Table 9, the higher the percentage, the worse the obesogenic
behavior.

The first cluster was “Inactive & unhealthy eater” (a cluster that is high in PI, has

a long sedentary time, and practices an unhealthy diet), the second cluster was “Moderately
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active& unhealthy eater” (a cluster that is low in PI, has a long sedentary time, and practices
an unhealthy diet), and the third cluster was “Active & healthy eater” (a cluster that is high
in Pl and has a short sedentary time and practices a healthy diet).

Among the ethnic minority adolescent clusters, the cluster with the most subjects
was the “Inactive & unhealthy eater”, accounting for 61.0% of the total subjects. In the
first cluster, “Inactive & unhealthy eater”, 97.7% of this cluster were ‘they practice
moderate-intensity physical activity less than 5 days a week’ and 82.1% of this cluster
practice vigorous-intensity physical activity less than 3 days a week, which is a result far
exceeding the standard 50% line(blue in Figure 5). In addition, 88.3% of respondents who
practiced sedentary time for 3 hours or more on weekdays and 90.1% who practiced
sedentary time for more than 5 hours on weekends were significantly higher than the
standard 50% line (blue in Figure 5).Two variables among dietary variables were also
higher than the 50% baseline, the rates of ‘eating less fruit and drinking unhealthy drinks’
were 96.9% and 57.3%, respectively, showing the unhealthy eating pattern among the three
clusters. When the overall obesogenic behavior pattern was evaluated, this cluster showed
high physical inactivity, a long sedentary time, and the unhealthiest pattern in dietary
variables. Among them, the most names characteristic was “Inactive & unhealthy eater”.

The second cluster, “Moderately active& unhealthy eater”, has 15.0% of the total
subjects. As a specific characteristic of this cluster, 22.6% of the respondents in this cluster
practiced moderate-intensity physical activity less than 5 days a week. The proportion of

subjects who practiced vigorous-intensity physical activity less than 3 days a week was
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5.2%, which was lower than the baseline 50% for all physical inactivity. In addition, 68.0%
of respondents who spent sedentary time for more than 3 hours on weekdays and 67.7%
who spent sedentary time for more than 5 hours on weekends were higher than the standard
50%. For dietary variables, two variables of responses were higher than the baseline of
50%. The rate of eating less fruit was 85.7%, and the rate of drinking carbonated or sugary
drinks three or more times a week was 65.0%, the highest among the three clusters. When
the overall obesogenic behavioral pattern was evaluated, this cluster was named
“Moderately active& unhealthy eater”, the most common characteristic of the three clusters.
This is because the behavioral patterns of this cluster included low physical inactivity(more
physical activity), more sedentary time, and unhealthy patterns of dietary variables.

The third cluster, “Active & healthy eater”, was the cluster to which 24.0% of the
total subjects belonged. Regarding the specific characteristics of this cluster, 94.3% of this
cluster did not practice moderate-intensity physical activity more than 5 days a week and
84.4% did not practice vigorous-intensity physical activity more than 3 days a week, in
addition, 14.7% of the respondents who spent sedentary time for more than 3 hours on
weekdays and 6.7% of those practiced sedentary time for more than 5 hours on weekends
were lower than the standard 50% line(blue in Figure 5). As for the dietary variables, 1
variable of eating less fruit was 90.5%, higher than the standard 50% line (blue in Figure
5). Moreover, the rate of drinking unhealthy drinks(carbonated or sugary) more than three
times a week was 42.9%, which was the lowest among the three clusters. Therefore, this

cluster can be regarded to have healthy patterns and low PlI(high PA). When the overall
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obesogenic behavior pattern was evaluated, the cluster was named “Active & healthy eater”
among the three clusters as the behavioral patterns of low physical inactivity and less
sedentary time and healthy patterns of the dietary variables were revealed.

Figures 5 shows the graphs of the ethnic minority adolescents’ clusters by
converting the percentage of obesogenic behavior variables to 0-1 point. The “Active &
healthy eater” cluster used as reference clusters for each cluster are indicated in red. In the
graph, the closer to 0, the less the obesogenic behavior, and the closer to 1, the more the
obesogenic behavior. As there are many variables located at the bottom of the third cluster
“Active & healthy eater” for ethnic minority adolescents, it can be confirmed that

obesogenic behavior is a cluster with a good pattern.

82



Table 9. Item-response probabilities of obesogenic behaviors among ethnic minority adolescents (%)

Inactive & M;Jg?\sggly Active & healthy
Variables unhealthy eater  \oo1thy eater eater
Cluster size 61.0 15.0 24.0
(n=329) (n=81) (n=129)
Physical MPA
inactivity (< 5 days/week) 97.7 22.6 94.3
VPA
(<3 days/week) 82.1 5.2 84.4
Sedentary ~ Weekdays
time (> 3 hours/day) 88.3 68.0 14.7
Weekends
(> 5 hours/day) 90.1 67.7 6.7
Obesogenic  Skipping breakfast
diet (> 2 days/week) 25.5 8.7 17.0
Eating fruit
(< 2 times/day) 96.9 85.7 90.5
Unhealthy drinks!
(> 3 times/week) 57.3 65.0 42.9
Eating fast food 18.8 167 1

(= 3 times/week)

Note: MPA = Moderate intensity physical activity, VPA = Vigorous intensity physical activity

1= carbonated or sugary drinks
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Figure 5. Distribution of obesogenic behavior by the cluster of ethnic minority adolescents
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5.4.2 Korean adolescents

Korean adolescents were also classified into three clusters using latent class
analysis. The response item of eight obesogenic behaviors was classified according to the
criteria of previous studies mentioned in the operational definition. All response values
were converted into percentages based on 0-100 to compare the ratio of obesogenic
behavioral variables by cluster. Among these, 50% each were divided into upper and lower
clusters, and the cluster name was determined based on the problematic behaviors of more
than 50% of the cluster name. In Table 10, the higher the percentage, the worse the
obesogenic behavior. Compared with the cluster classification of ethnic minority
adolescents, the cluster characteristics of cluster 1, 2 and 3 were similar. There were subtle
differences in sedentary time and dietary variables between clusters.

The first cluster is “Inactive & unhealthy eater” (a cluster that is high in PI, has a
long sedentary time, and practices an unhealthy diet), the second cluster is “Moderately
active& unhealthy eater” (a cluster that is low in PI, has a moderate sedentary time, and
practices an unhealthy diet) and the third cluster was 'Active & healthy eater' (a cluster that
is high in P1 and has a short sedentary time and practices a healthy diet).

Among the Korean adolescents’ clusters, that contained the most subjects was the
first cluster, accounting for 49.6% of the total subjects. In the first cluster, “Inactive &
unhealthy eater”, 97.0% of this cluster practiced moderate-intensity physical activity less
than 5 days a week and 81.0% of this cluster practiced vigorous-intensity physical activity

less than 3 days a week, which is a result far exceeding the standard 50%. In addition, 90.7%
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of the respondents who spent sedentary time for more than 3 hours on weekdays and 85.8%
of those who practiced sedentary time for more than 5 hours on weekends were
significantly higher than the standard 50%. Among the dietary variables, two variables
were higher than the 50% baseline; the rates of eating less fruit, and unhealthy
drinks(carbonated or sugary drinks)were 92.4% and 57.1%, respectively, showing the
unhealthy eating pattern among the three clusters. When the overall obesogenic behavior
pattern was evaluated, this cluster showed high physical inactivity, a long sedentary time,
and the unhealthiest pattern in dietary variables. Therefore, based on the most characteristic,
the cluster was named “Inactive & unhealthy eater”.

The second cluster, “Moderately active& unhealthy eater”, was the cluster to which
14.7% of the total subjects belonged. As a specific characteristic of this cluster, 8.1% of
this cluster practiced moderate-intensity physical activity less than 5 days a week. The
proportion of respondents who practiced vigorous-intensity physical activity less than 3
days a week was 0.9%, which was lower than the baseline 50% for all physical inactivity.
In addition, 55.6% of the respondents who spent sedentary time for more than 3 hours on
weekdays were higher than the standard 50%. Moreover, 48.7% practiced sedentary time
for more than 5 hours on weekends. For dietary variables, two variables were higher than
the baseline 50%; the rates of “eating less fruit”, and “drinking carbonated or sugary drinks
three or more times a week” was 85.5%, and 57.3%, respectively. When the overall
obesogenic behavioral pattern was evaluated, this cluster was named “Moderately active&

unhealthy eater”. It was revealed that the behavioral patterns of this cluster were low
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physical inactivity (high physical activity), moderate sedentary time, eating less fruit, and
more unhealthy drinks as the dietary variables.

The third cluster, “Active & healthy eater”, was the cluster to which 35.7% of the
total subjects belonged. As for the specific characteristics of this cluster, 96.4% of this
cluster did not practice moderate-intensity physical activity for more than 5 days a week,
and 78.7% of this cluster did not practice vigorous-intensity physical activity more than 3
days a week. Additionally, 21.4% of this cluster who spent sedentary time for more than 3
hours on weekdays and 12.8% who practiced sedentary time for more than 5 hours on
weekends were significantly lower than the standard 50%. As for the dietary variables, 1
variable of eating less fruit was 90.1%, which was higher than the 50% baseline. The rate
of drinking unhealthy (carbonated or sugary) drinks more than 3 times a week was 43.4%,
which was the lowest among the three clusters. When the overall obesogenic behavior
pattern was evaluated, the cluster was “Active & healthy diet” among the three clusters as
the behavioral pattern of high physical inactivity and more sedentary time and healthy
pattern in the dietary variables were revealed.

Figures 6 show the graphs of Korean adolescents’ clusters by converting the
percentage of obesogenic behavior variables to 0-1 point. “Active & healthy eater” was
used as reference for each group, as indicated in red. In the graph, the closer to 0, the better
the obesogenic behavior, and the closer to 1, the worse the obesogenic behavior. As there
are many variables located at the bottom of the “Active & healthy eater” cluster for Korean

adolescents, it was confirmed that obesogenic behavior is a cluster with a good pattern.
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Table 10. Item-response probabilities of obesogenic behaviors among Korean adolescents (%)

Inactive & Mgg?cggly Active &
Variables unhealthy eater unhealthy eater healthy eater
Cluster size 49.6 14.7 35.7
(n=8,666) (n=2,560) (n=6,236)
Physical MPA
inactivity (< 5days/week) 97.0 8.1 96.4
VPA
(<3 days/week) 81.0 0.9 78.7
Sedentary ~ Weekdays
time (> 3 hours/day) 90.7 55.6 21.4
Weekends
(> Shours/day) 85.8 48.7 12.8
Obesogenic  Skipping breakfast
diet (> 2 days/week) 205 16.0 16.9
Eating fruit
(< 2times/day) 92.4 85.5 90.1
Unhealthy drinks®
(> 3 times/week) 7.1 57.3 434
Eating fast food 954 3 sk

(> 3 times/week)
Note: MPA = Moderate intensity physical activity, VPA = Vigorous intensity physical activity
1= carbonated or sugary drinks
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Figure 6. Distribution of obesogenic behavior variables by the cluster of Korean adolescents
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5.5 Difference in Social Determinants of Health between Clusters

5.5.1 Ethnic minority adolescents

Table 11 showed the clusters of obesogenic behaviors in ethnic minority
adolescents. There were statistical significantly differences between the clusters among
ethnic minority adolescents by gender, sleep time, stress, self-rated health, city size and the
number of convenience stores. Those in the “Inactive & unhealthy eater” cluster were more
likely to be female, have less sleep, more stress, think of themselves as unhealthy, and live
in the county area, compared with other clusters. Those in the “Moderately active&
unhealthy eater” cluster were more likely to be male, sleep more, think of themselves as
healthy, live in a metropolitan city, and have more convenience stores, compared with other
clusters. Those in the “Active & healthy eater” cluster were more likely to be female, less
stressed, think of themselves as healthy, and live in a small city, compared with other
clusters. There were no significant differences among the clusters in terms of age,
nationality of fathers and mothers, father’s educational level, mother’s educational level,
economic status, academic performance, depressive symptom, poverty rate, width of parks,
the number of public sports facilities, the number of snack bars, the number of fast food

restaurants and the number of Internet cafes.
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Table 11. Characteristics across the three clusters of ethnic minority adolescents (N=1539)
Inactive & Modgrately Active &
active&
N unhealthy eater unhealthy healthy eater 201 F p-
ariables = = x2or
(n=329) eater (n= 81) (n=129) value
n (%)/ Mean = SD
Structural determinants
Socioeconomic position
Gender
Males 151 (45.9) 59 (72.8) 53 (411) 2292 <001
Females 178 (54.1) 22 (27.2) 76 (58.9)
Age 1348 +09 1326 +0% 1337 +£09 1.91 149
Nationality of Korean 268 (81.5) 63 (77.8) 100 (77.5) 7.61 268
fathers Korean Chinese 28 (8.5) 4 (4.9) 9 (7.0
Chinese 12 (3.6) 3 (3.7 4 (3.1)
Others 21 (6.4) 11 (13.6) 16 (12.4)
Nationality of Korean 16 (4.9 8 (9.9 6 (4.7 8.00 434
mothers Korean Chinese 60 (18.2) 13 (16.0) 21 (16.3)
Chinese 55 (16.7) 16 (19.8) 15 (11.6)
Vietnamese 104 (31.6) 21 (25.9) 48 (37.2)
Others 94 (28.6) 23 (28.4) 39 (30.2)
Father’s Middle school 27 (8.2 7 (8.6) 15 (11.6) 168 947
educational High school 93 (28.3) 22 (27.2) 34 (26.4)
level University 61 (18.5) 17 (21.0) 23 (17.8)
Unknown 148 (45.0) 35 (43.2) 57 (44.2)
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Moderately

Inactive & active & Active &
Variables unh?r?lztggggater unhealthy eater he?r:t:{g;ter x?or F p-
(n=81) value
n (%)/ Mean = SD
Mother’s Middle school 18 (5.5) 3 (37 12 (9.3) 494 552
education High school 73 (22.2) 17 (21.0) 32 (24.8)
level
University 70 (21.3) 21 (25.9) 27 (20.9)
Unknown 168 (51.1) 40 (49.4) 58 (45.0)
Economic High 19 (5.8) 6 (7.4) 11 (8.5) 11.81  .160
status Middle-high 65 (19.8) 19 (235) 19 (14.7)
Middle 177 (53.8) 47  (58.0) 83 (64.3)
Middle-low 59 (17.9) 9 (111 14 (10.9)
Low 9 (2.7) 0 (0.0) 2 (16)
Intermediary determinants
Behaviors and biological factors
Sleep time (hours) 7.01 +1.47 762 +141 726 #1.45 6.01 .003
Academic Very well 23 (7.0) 9 (11.1) 12 (9.3) 536 .719
performance ¢, 61 (18.5) 17 (21.0) 22 (17.1)
Moderate 112 (34.0) 27 (33.3) 45 (34.9)
Bad 93 (28.3) 24 (29.6) 37 (28.7)
Very bad 40 (12.2) 4 (4.9) 13 (10.1)
Psychosocial factors
Stress Never felt 8 (2.4) 4 (4.9 11 (8.5) 17.41  .026
Not felt much 60 (18.2) 23 (28.4) 24 (18.6)
Felt a little 144 (43.8) 30 (37.0) 63 (48.8)
Felt much felt 87 (26.4) 18 (22.2) 22 (17.1)
Feltverymuch 30 (9.1) 6 (7.4) 9 (7.0)
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Moderately

Inactive & active& Active & )
X2 or p-
Variables unheal_thy eater unhealthy eater healttly eater
(n=329) (n=81) (n=129) F value
n (%)/ Mean £+ SD
Depressive  No 259 (78.7) 68 (84.0) 96 (744) 271 258
symptom
Yes 70 (21.3) 13 (16.0) 33 (25.6)
Self-rated Unhealthy 37 (11.2) 3 37 8 (6.2 6.09 .048
health
Healthy 292 (88.8) 78 (96.3) 121 (93.8)
Material circumstances
Poverty rate 437 £1.18 428 1131 433 £1.29 0.17 .843
City size  Metropolitan city 117 (35.6) 40 (49.4) 49 (38.0) 9.45 .051
Small city 156 (47.4) 35 (43.2) 66 (51.2)
County area 56 (17.0) 6 (7.4) 14 (10.9)
Width of parks 0.03 +0.03 0.03 +0.03 0.03 +0.03 0.09 915
The number of public sports 252 +2.68 198 +1.77 246 255 149 227
facilities
The number of snack bars 104.23 +24.08 111.24 +31.48 1884 2497 2.67 .069
The number of fast food 83.16 +16.47 85.61 +17.59 8535 1831 1.16 .315
restaurants
The number of convenience 85.31 +21.32 91.84 +25.10 8886 2315 3.28 .039
stores
18.80 +4.45 19.40 £4.05 1938  +4.69 1.12 .326

The number of Internet cafes

Note:SD = Standard deviation
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5.5.2 Korean adolescents

Table 12 showed the clusters of obesogenic behaviors in Korean adolescents.

There were differences among the clusters by the socioeconomic position of
structural determinants (gender, age, nationality of fathers, nationality of mothers, father’s
educational level, mother’s educational level, economic status), behaviors and biological
factors of intermediary determinants (sleep time, academic performance), psychosocial
factors (stress, depressive symptom, self-rated health), and material circumstances (poverty
rate, city size, width of parks, the number of public sports facilities, the number of fast food
restaurants). Those in the “Inactive & unhealthy eater” cluster were more likely to be
female (53.9%) and aged older (13.694+0.935), less likely to have parents who graduated
university(father: 54.2%, mother: 53.4%), have less sleep (6.781+1.458), have worse
academic performance (“well”:28.6% and “very well”:14.3%, respectively), were the
lowest of the three clusters. Those in the “Inactive & unhealthy eater” cluster were also
more likely to have more stress(felt much: 24.8%, felt very much: 6.5%), feel more
depressive symptoms (22.6%), consider more unhealthy themselves (6.3%), live in a small
city or county area (51.1%, and 7.6%, respectively), have more public sports facilities
(2.109+ 2.109), and more fast food restaurants (83.815+16.535) than other clusters.

Those in the “Moderately active& unhealthy eater” cluster were more likely to be
male (71.6%), have better economic status(middle-high: 32.4%, high: 18.4%), have more
sleep (7.166+1.375), have worse academic performance; which was well or very well

(29.1%, 18.3%, respectively), were second-lowest of the three clusters. Those in the
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“Moderately active& unhealthy eater” cluster were also more likely to have less stress
(never felt: 6.9%, not felt much: 24.1%), think of themselves as unhealthy (2.6%), and live
in higher poverty rate areas (4.348+1.301) compared with other clusters.

Those in the “Active & healthy eater” cluster were more likely to be female
(55.0%), have more parents who graduated university (father: 62.1%, mother: 61.3%), have
better economic status (middle-high: 33.6%, high: 15.7%), have better academic
performance, which was “well” or “very well (32.1%, 3%, 21.4%, respectively), were the
highest of the three clusters. Those in the ‘Active & healthy eater’ cluster were also less
likely to feel depressive symptoms (19.2%), more likely to live in lower poverty rate areas
(4.229+1.590), live more in the metropolitan city (44.3%), have the highest width of parks
(0.038+0.035), have less the number of public sports facilities (1.989+2.159), the fewer
number of fast food restaurants (83.386+15.888) than other clusters. The numbers of snack
bars, convenience stores, and Internet cafes were not significantly different among the

clusters.
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Table 12. Characteristics across the three clusters of Korean adolescents (N=17462)
Inactive & Moderately active .
Active & healthy
- unhealthy eater & unhealthy eater _ 2 g
Variables (n=8,666) (n= 2,560) eater (n=6,236) x?orF  p-value
n (%)/ Mean + SD
Structural determinants
Socioeconomic position
Gender Males 3992 (46.1) 1834  (71.6) 2805 (45.0) 593.86  <.001
Females 4674  (53.9) 726 (28.4) 3431 (55.0)
Age 13.694 +0.935 13.602 +0.930 13.582  +0.929 28.66 <.001
Father’s Middle 84 (1.0) 20 (0.8) 50  (0.8) 10499 <001
- school
educational
level High school 1621 (18.7) 506  (19.8) 971 (15.6)
University 4698  (54.2) 1473 (57.5) 3874 (62.1)
Unknown 2263 (26.1) 561 (21.9) 1341 (21.5)
Mother’s Middle 73 (0.8) 16 (0.6) 42 (0.7) 94.46 <001
. school
educational
level High school 1943 (224) 566 (22.1) 1179 (18.9)
University 4630  (53.4) 1453  (56.8) 3821 (61.3)
Unknown 2020 (23.3) 525 (20.5) 1194 (19.1)
Economic High 1033  (11.9) 471 (18.4) 977 (15.7) 12676  <.001
status Middle-high 2686 (31.0) 830 (32.4) 2098  (33.6)
Middle 4123 (47.6) 1048  (40.9) 2681  (43.0)
Middle-low 714 (8.2) 175 (6.8) 425 (6.8)
Low 110 (1.3) 36 (1.4) 55 (0.9)
Intermediary determinants
Behaviors and biological factors
6.781 £1.458 7.166 +1.375 7.002 +1.458 86.75 <.001

Sleep time (hours)
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Inactive & _Moderately Active &
Variables ““*(‘sigf‘geg‘;‘ter aggt‘gerg(‘n‘i“ge;ggy hf(’ﬁ':tgyzgzt)er x2orF  p-value
n (%)/ Mean + SD
Academic Very well 1242 (14.3) 469 (18.3) 1334  (21.4) 248.12 <.001
performance g 2476  (28.6) 744 (29.1) 1999  (32.1)
Moderate 2638 (30.4) 680 (26.6) 1752  (28.1)
Bad 1694 (19.5) 488 (19.1) 881 (14.1)
Very bad 616 (7.1) 179  (7.0) 270 (4.3)
Psychosocial factors
Stress Never felt 248  (2.9) 177  (6.9) 284  (4.6) 149.55 <.001
Not felt much 1691 (19.5) 617 (24.1) 1362  (21.8)
Felt a little 4013 (46.3) 1093  (42.7) 2882  (46.2)
Felt much 2147 (24.8) 519 (20.3) 1395  (22.4)
Felt very much 567 (6.5) 154 (6.0) 313 (5.0)
Depressive ~ NoO 6708 (77.4) 2002 (78.2) 5040 (80.8) 2579  <.001
symptom Yes 1958  (22.6) 558 (21.8) 1196 (19.2)
Self-rated Unhealthy 543  (6.3) 66 (2.6) 290 (4.7) 59.96  <.001
health Healthy 8123 (93.7) 2494 (97.4) 5946  (95.3)
Material circumstances
Poverty rate 4325 +1.294 4348 +1.301 4229 +1.590 10.67 <.001
City size  Metropolitan city 3580 (41.3) 1105 (43.2) 2761  (44.3) 16.24 .003
Small city 4430 (51.1) 1270  (49.6) 3069  (49.2)
County area 656 (7.6) 185 (7.2) 406 (6.5)
Width of parks 0.034 +0.034 0.033 +0.034 0.038 +0.035 25.52 <.001
The number of public sports
facilities 2109 +2.109 2.087 £2.022 1989 +2.159 6.11 .002
The number of snack bars 107240  +27173 106701 +275% 106667 +29915 0.87 419
The number of fast food
+165% 856 +15674 BB +1588 14.53 <.001

restaurants
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Inactive & Moderately active& Active &
unhealthy eater unhealthy eater healthy eater
Variables (n=329) (n=81) (n=129) x?orF  p-value
n (%)/ Mean + SD
The number of
) 8192 +232% 8546 +2330 8138 27682 2.60 .074
convenience stores
The number of Internet
19658 +44% 19429  +4307 1956  +480 2.48 .084

cafes

Note:SD = Standard deviation,

The number of= The number of facilities in relevant city / Population in relevant city*100,000
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5.6 Social Determinants of Health Affecting the Clusters

The “Active & healthy eater” cluster, which is the second cluster for each cluster,
was set as a reference cluster for the social determinants of health of ethnic minority
adolescents and Korean adolescents, and the other two clusters (“Inactive & unhealthy
eater”, “Moderately active& unhealthy eater””) were analyzed using multinomial logistic
regression to determine the social determinants of health. In this analysis, for the ease of
the interpretation of the results, nominal variables with the ordinal scale of parent education,
economic status, academic performance, and stress were converted into continuous
variables. In ethnic minority adolescents from the 20 variables initially selected, 14
variables were not selected due to rejection in descriptive analysis (Chi-square test and T-
test) for cluster analysis.

As a result, only statistically significant variables among the social determinants
of health by cluster were extracted and included in Tables 13(Ethnic minority adolescents)
and 14 (Korean adolescents). It means that the variables (i.e. Male, Depressive symptom)
shown in the table or the risk of belonging to the cluster increases depending on the
direction of the variable arrow. Referring to Tables 13 and 14, in the case of gender, it was
found that male adolescents had an increased risk of belonging to the group than the
reference group, compared with female adolescents.

In the case of “Inactive & unhealthy eater”, the first cluster of ethnic minority

adolescents, the higher the stress level compared to the reference cluster “Active & healthy
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eater”, the higher the risk of belonging to “Inactive & unhealthy eater”. Additionally, as a
result of extracting and analyzing only those variables that were significant in the univariate
logistic regression analysis, the higher the level of stress, the higher the risk of belonging
to “Inactive & unhealthy eater”.

For the “Moderately active& unhealthy eater” cluster, the second cluster of the
ethnic minority adolescents, being male increased the risk of belonging to this cluster.

Compared to the reference cluster “Active & healthy eater”, the cluster “Inactive
& unhealthy eater” of Korean adolescents, being older, male, having lower economic status,
lower sleep time, and worse the academic performance, higher the stress level, and the
higher the number of fast food restaurants in the region, and increased the risk of belonging
to the “Inactive & unhealthy eater” cluster. In addition, as a result of extracting and
analyzing the only variables that were significant in the univariate logistic regression
analysis, the same variables were statistically significant.

Compared to the reference cluster “Active & healthy eater”, the cluster
“Moderately active& unhealthy eater” of Korean adolescents, as male, lower the father's
educational level, higher economic status, worse academic performance, depressive
symptoms, higher self-rated health status, higher the poverty rate, the more convenience
stores, and fewer Internet cafe, which increased the risk of belonging to the “Moderately
active& unhealthy eater” cluster. Furthermore, as a result of extracting and analyzing only
the variables that were significant in the univariate logistic regression analysis, only the

width of parks was significant in the material circumstances variables. The lower the width
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of parks, the higher the risk of belonging to this cluster, while the other statistically
significant variables remained the same.
Specific relative risk ratios (RRR) and 95% confidence intervals (CI) for each

cluster were prepared in Tables 13 ~ 16.

Table 13. Key points of the variables among ethnic minority adolescents (n=539)
Inactive & Moderately active&
Social determinants of health unhealthy eater unhealthy eater
All Partial” All Partial”

Structural determinants
Socioeconomic position - - Male Male
Intermediary determinants

Psychosocial factors Stress 1 Stress 1 - -

Note:": Only variables were analyzed as covariate which were statistically significant by univariate logistic regression.
That was ‘Gender, Nationality of fathers, Economic status, Stress, The number of snack bars’
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Table 14. Key points of the results among Korean adolescents

(N=17,462)

Social determinants of health

Inactive &

unhealthy eater

Moderately active&

unhealthy eater

All Partial” All Partial”
Structural determinants
Socioeconomic position Male, Male, Male, Male,
Age 1, Age 1, Father’s Father’s
Economic Economic education |, education |,
status | status | Economic Economic
status 1 status 1
Intermediary determinants
Behaviors and biological factors Sleep time |, Sleeptime|, Academic Academic
Academic Academic performance| performance|
performance| performance|
Psychosocial factors Stress 1 Stress 1 Depressive Depressive
symptom, symptom,
Self-rated Self-rated
health 1 health 1
Material circumstances Fast food Fast food Poverty rate 1,  Width of parks|
restaurantst  restaurants  Convenience

storest, Internet

cafes|

Note: ": Only those variables were analyzed as covariates which were statistically significant by univariate logistic regression.
That was ‘Gender, Age, Father’s education, Economic status, Sleep time, Academic performance, Stress, Depressive
symptom, Self-rated health, Poverty rate, City size, Width of parks, The number of public sports facilities, The number
of fast food restaurants, The number of convenience stores, The number of Internet cafes’
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5.6.1 Ethnic minority adolescents

The risk factors of belonging to the “Inactive & unhealthy eater” and “Moderately
active& unhealthy eater” clusters for each social determinant of health were analyzed by
setting the “Active & healthy eater” cluster as a reference cluster for ethnic minority
adolescents. As a result of analyzing the social determinants of health affecting the
obesogenic behaviors of ethnic minority adolescents by cluster, the statistically significant
variables were stress among psychosocial factors. Compared to the reference, the risk of
belonging to “Inactive & unhealthy eater”” was increased with more stress felt by 1.41 times
(95% CI: 1.10-1.82) compared to not feeling stress (Table 15).

As a result of analyzing the risk of being “Moderately active& unhealthy eater” in
the second cluster compared to the reference of “Active & healthy eater”, the statistically
significant variable was gender among the structural factors. In male, the risk increased by

3.72 times (95% ClI: 1.94-7.12) compared with female.
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Table 15. Social determinants of health affecting clusters among ethnic minority adolescents (N=539)

Inactive & Moderately active &
Variables unhealthy eater unhealthy eater
RRR 95% CI RRR 95% CI

Structural determinants

Socioeconomic position
Gender Males (ref.= females) 1.35 0.86-2.13 3.72™ 1.94-7.12
Age 1.13 0.91-1.40 0.91 0.66-1.25
Nationality of fathers 0.79 0.62-1.00 0.93 0.68-1.28
Nationality of mothers 0.83 0.69-1.01 0.77 0.59-1.00
Father’s education (higher) 1.05 0.82-1.34 0.86 0.61-1.21
Mother’s education (higher) 1.14 0.89-1.47 1.31 0.92-1.87
Economic status (worse) 1.08 0.83-1.41 0.89 0.61-1.29
Intermediary determinants

Behaviors and biological factors
Sleep time (hours) 0.92 0.79-1.07 1.12 0.89-1.40
Academic performance (worse) 1.08 0.88-1.33 0.97 0.73-1.29

Psychosocial factor
Stress (worse) 1.41™ 1.10-1.82 1.27 0.90-1.78
gﬁ;’ﬁfﬂ}"e Yes (ref. No) 0.59 0.34-1.01 0.61 0.28-1.36
Self-rated health hUergl‘fr%'/t)hy (ref. 1.47 0.63-3.45 0.54 0.13-2.24

Material circumstances
Poverty rate 0.99 0.75-1.30 0.85 0.59-1.22
City size (Smaller) 1.46 0.89-2.38 0.69 0.34-1.39
Width of parks 1.85 0.00-96222.47 0.12  0.00-234815.33
The number of public sports facilities 0.97 0.86-1.09 0.95 0.79-1.14
The number of snack bars 1.01 1.00-1.02 1.01 1.00-1.03
The number of fast food restaurants 1.00 0.98-1.02 1.01 0.99-1.04
The number of convenience stores 0.99 0.98-1.01 1.00 0.98-1.02
The number of internet cafe 0.99 0.93-1.04 0.97 0.90-1.05

Note: Reference cluster= Active & healthy eater, RRR=Relative risk ratio, CI= Confidence interval,
ref=reference, **:<.01 k% <001
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In Table 16, from the 20 variables selected initially, 14 were not selected due to
rejection in descriptive analysis (Chi-square test and T-test) for cluster analysis (i.e., Age,
Nationality of fathers and mothers, Father’s and mother’s education level, Economic status,
Academic performance, Depressive symptoms, etc). After performing a univariate logistic
regression analysis with social determinants of health and cluster, respectively, the
significant variables were Gender, Sleep time, Stress, Self-rated health, City size, and The
number of snack bars. Compared to the reference, the risk of belonging to the “Inactive &
unhealthy eater” cluster was increased due to feeling more stress by 1.33 times (95% CI:
1.06-1.68), as compared to not feeling stress (Table 16).

As a result of analyzing the risk of being “Moderately active& unhealthy eater” in
the second cluster compared to the reference of “Active & healthy eater”, the statistically
significant variable was gender among the structural factors. In male adolescents,

compared to females, the risk increased by 3.93 times (95% CI: 2.10-7.35).
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Table 16. Selected factors in social determinants of health affecting the cluster among ethnic minority

adolescents (N=539)
Inactive & Moderately active&
Variables unhealthy eater unhealthy eater

RRR 95% CI RRR 95% ClI
Structural determinants
Socioeconomic position
Gender Males (ref.= females) 1.38 0.90-2.14 3.93™ 2.10-7.35
Intermediary determinants
Behaviors and biological factors
Sleep time (hours) 0.90 0.77-1.04 1.10 0.89-1.37
Psychosocial factors
Stress (worse) 1.33" 1.06-1.68 1.18 0.86-1.61
Self-rated health Unhealthy (ref. healthy) 151 0.67-3.44 0.48 0.12-1.94
Material circumstances
City size 1.23 0.90-1.68 0.66 0.42-1.04
The number of convenience stores 0.99 0.98-1.00 1.01 0.99-1.02

Note: Reference cluster= Active & healthy eater, RRR=Relative risk ratio, CI= Confidence interval, ref= reference,

*

<05 <001

5.6.2 Korean adolescents

The risk factors of belonging to the “Inactive & unhealthy eater” and “Moderately

active& unhealthy eater” clusters for each social determinant of health were analyzed by

setting the third cluster “Active & healthy eater” as a reference cluster for Korean

adolescents.

The risk of belonging to the “Inactive & unhealthy eater” cluster compared to the

“Active & healthy eater” cluster was analyzed. The statistically significant variables were
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gender, age, father’s educational level, economic status (among structural factors), sleep
time, academic performance (among behaviors and biological factors), stress (among
psychosocial factors), and the number of fast food restaurants (among material
circumstances of intermediary factors).

Compared to the reference, the risk of belonging to “Inactive & unhealthy eater”
was increased in males by 1.159 times (95% CI: 1.081-1.241) compared with females
(Table 17). As the age increased, the risk of being “Inactive & unhealthy eater” increased
by 1.082 times (95% CI: 1.043-1.122) and as the economic status worsened, the risk of
‘Inactive & unhealthy eater’ increased by 1.073 times (95% CI: 1.031-1.117). Among the
behaviors and biological factors, the risk of belonging to this cluster decreased by 0.915
times (95% CI: 0.893-0.937) as sleep time increased, and the risk of belonging to this
cluster increased by 1.211 times (95% CI: 1.175-1.249) as the academic performance
worsened. Regarding psychosocial factors, the higher the stress level, the more the risk of
being in this cluster increased 1.069 times (95% CI: 1.027-1.113). Among the material
circumstances, as the number of fast food restaurants increased, the risk of belonging to
this cluster increased by 1.004 times (95% CI: 1.001-1.007).

The risk of belonging to the “Moderately active& unhealthy eater” cluster was
analyzed compared with the “Active & healthy eater” cluster. As a result, the statistically
significant variables were gender, father’s educational level, economic status (among
structural factors), academic performance (among behaviors and biological factors),

depressive symptom, self-rated health (among psychosocial factors), poverty rate, number
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of convenience stores, and number of Internet cafe (among material circumstances of
intermediary factors) (Table 17).

Compared to the reference, the risk of belonging to ‘Moderately active& unhealthy
eater’ increased in males by 3.227 times (95% CI: 2.909-3.581) compared with females.
The higher the father's educational level, the lower the risk of “Moderately active&
unhealthy eater” by 0.909 times (95% CI: 0.831-0.994). As the economic status worsened,
the risk of being “Moderately active& unhealthy eater” decreased by 0.922 times (95% ClI:
0.871-0.976). Among the behaviors and biological factors, as academic performance
worsened, the risk of belonging to this cluster increased by 1.193 times (95% CI: 1.142-
1.246). As for the psychosocial factors, the risk of belonging to this cluster for depressed
adolescents increased by 1.424 times (95% CI: 1.257-1.613). Furthermore, the risk of
belonging to this cluster was reduced by 0.542 times (95% CI: 0.411-0.715) among
adolescents who were unhealthy in their self-rated health. Among the material
circumstances, as the poverty rate increased, the risk of belonging to this cluster decreased
by 1.076 times (95% Cl: 1.021-1.133). As the number of convenience stores increased, the
risk of belonging to this cluster decreased by 1.003 times (95% CI: 1.001-1.006); moreover,
as the number of Internet cafes increased, the probability of belonging to this cluster

decreased by 0.982 times (95% CI: 0.969-0.995).
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Table 17. Social determinants of health affecting the cluster among Korean adolescents (N=17,462)

Inactive & Moderately active&
Variables unhealthy eater unhealthy eater
RRR 95% CI RRR 95% ClI

Structural determinants

Socioeconomic position
Gender Males (ref.= females) 1.159™ 1.081-1.241 3.227"" 2.909-3.581
Age 1.082" 1.043-1.122 0.999 0.9495-1.052
Father’s education (higher) 1.022 0.959-1.089 0.909" 0.831-0.994
Mother’s education (higher) 0.993 0.932-1.058 0.942 0.861-1.030
Economic status (worse) 1.073™ 1.031-1.117 0.922" 0.871-0.976
Intermediary determinants

Behaviors and biological factors
Sleep time (hours) 0.915™" 0.893-0.937 0.999 0.965-1.036
Academic performance (worse) 1.211™ 1.175-1.249 1.193™ 1.142-1.246

Psychosocial factors
Stress (worse) 1.069" 1.027-1.113 0.966 0.913-1.022
Depressive symptom  Yes (ref. No) 1.056 0.967-1.153 1.4247 1.257-1.613
Self-rated health Unhealthy (ref. healthy) 1.152 0.991-1.339 0.542"" 0.411-0.715
Material circumstances
Poverty rate 1.029 0.991-1.068 1.076™ 1.021-1.133
City size (Smaller) 1.076 0.998-1.161 1.008 0.905-1.123
Width of parks 0.355 0.084-1.505 0.143 0.018-1.124
The number of public sports facilities 0.993 0.971-1.016 0.988 0.957-1.020
The number of snack bars 1.000 0.999-1.002 0.998 0.996-1.000
The number of fast food restaurants 1.004™ 1.001-1.007 1.003 0.999-1.007
The number of convenience stores 1.000 0.998-1.002 1.003° 1.001-1.006
The number of Internet cafe 0.994 0.985-1.004 0.982" 0.969-0.995

Note: Reference cluster= Active & healthy eater, RRR=Relative risk ratio, CI= Confidence interval,
ref=reference, : <.05  ™:<.01 *": <.001
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In Table 18, from the 18 variables selected initially, 3 variables were discarded due
to rejection in descriptive analysis (Chi-square test and T-test) for cluster analysis (i.e., The
number of snack bars, The number of convenience stores, The number of Internet cafes).

Compared to the reference, the risk of belonging to “Inactive & unhealthy eater”
increased by 1.159 times (95% CI: 1.082-1.242) in males compared with females. As the
age increased, the risk of being “Inactive & unhealthy eater” increased by 1.082 times (95%
Cl: 1.043-1.122). Moreover, as the economic status worsened, the risk of being “Inactive
& unhealthy eater” increased by 1.073 times (95% CI: 1.031-1.117). Among the behaviors
and biological factors, as sleep time increased, the risk of belonging to this cluster
decreased by 0.915 times (95% CI: 0.893-0.937), and as the academic performance
worsened, the risk of belonging to this cluster increased by 1.211 times (95% CI: 1.174-
1.249). Furthermore, as stress increased in psychosocial factors, the risk of belonging to
this cluster increased by 1.069 times (95% CI: 1.027-1.112). Among the material
circumstances, as the number of fast food restaurants increased, the risk of belonging to
this cluster increased by 1.004 times (95% CI: 1.001-1.006).

Compared to the reference, the risk of belonging to the “Moderately active&
unhealthy eater” cluster increased in males by 3.217 times (95% CI: 2.900-3.569), as
compared to females. The higher the father’s educational level, the lower the risk of being
“Moderately active& unhealthy eater” by 0.874 times (95% CI: 0.815-0.938). As the

economic status worsened, the risk of being “Moderately active& unhealthy eater”
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decreased by 0.923 times (95% CI: 0.873-0.977). Among the behaviors and biological
factors, as academic performance worsened, the risk of belonging to this cluster increased
by 1.191 times (95% CI: 1.140-1.244). As the adolescents felt depressive symptoms in
psychosocial factors, the risk of belonging to this cluster increased by 1.428 times (95%
Cl: 1.261-1.618). Additionally, the risk of belonging to this cluster was reduced by 0.542
times (95% CI: 0.411-0.715) among adolescents who were unhealthy in their self-rated
health. Among the material circumstances, as the width of parks increased, the risk of

belonging to this cluster decreased by 0.037 times (95% CI: 0.006-0.238).
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Table 18. Selected variables in social determinants of health affecting cluster among Korean adolescents

Variables

(N=17,462)

Inactive & Moderately active&
unhealthy eater unhealthy eater

RRR 95% ClI RRR 95% ClI

Structural determinants

Socioeconomic position

Gender Males (ref.= females)

Age

Father’s education (higher)

Economic status (worse)

Intermediary determinants
Behaviors and biological factors

Sleep time (hours)

Academic performance (worse)
Psychosocial factors

Stress (worse)

Depressive symptom Yes (ref. No)

Self-rated health
Material circumstances

Poverty rate

City size (Smaller)

Width of parks

The number of public sports facilities

The number of fast food restaurants

The number of convenience stores

Unhealthy(ref.healthy)

1.159""  1.082-1.242 3.217 2.900-3.569
1.082""  1.043-1.122 1.001 0.950-1.054
1.017 0.968-1.070 0.874™" 0.815-0.938
1.073"™"  1.031-1.117 0.923™ 0.873-0.977
0.915™"  0.893-0.937 1.000 0.965-1.037
1211 1.174-1.249 1.191"* 1.140-1.244
1.069™"  1.027-1.112 0.966 0.913-1.022
1.057 0.968-1.154 1.428™" 1.261-1.618
1.152  0.991-1.339 0.542™* 0.411-0.715
1.024 0.993-1.055 1.020 0.980-1.062
1.068 0.991-1.151 0.992 0.891-1.104
0.288 0.076-1.089 0.037" 0.006-0.238
0.996 0.975-1.018 1.004 0.974-1.034
1.004"*  1.001-1.006 1.001 0.997-1.005
1.000 0.998-1.001 1.001 0.999-1.004

Note: Reference cluster: Active & healthy eater, RRR=Relative risk ratio, CI= Confidence interval,

*

ref=reference, "1 <.01 "™ <.001
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5.7 Validation of Differences in Obesity Classification by Clusters

To confirm the validity of all three cluster classifications of ethnic minority
adolescents and Korean adolescents, the difference in the probability of becoming obese
for each cluster was analyzed using multinomial logistic regression. In addition, the graphs
and the frequency of subjects were analyzed and compared to confirm the predictive

probability of obesity according to clusters (Appendix 2).

5.7.1 Ethnic minority adolescents

In the obesogenic behavior cluster of ethnic minority adolescents, the probability
of obesity classification compared to normal weight was statistically significant at
underweight. The risk of being “underweight” decreased in the “Moderately active&
unhealthy eater” by 0.19 times (95% CI: 0.04-0.86), as compared to the reference (Table
19). In other words, the probability of becoming underweight increased compared to the
“Moderately active& unhealthy eater” cluster. This can be explained by the higher number
of males in the obesity group, compared with the female in the “Moderately actively &
unhealthy eater” cluster; therefore, subjects in this cluster tended to be obese or overweight
rather than underweight. However, it was not statistically significant for obesity or

overweight.
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Table 19. The obesity classification related to cluster among ethnic minority adolescents (N=539)

Variables Clusters RRR 95% ClI

Obesity Inactive & unhealthy eater 0.76 0.43-1.32
Moderately active& unhealthy eater 0.68 0.31-1.51
Active & healthy eater ref

Overweight Inactive & unhealthy eater 0.80 0.40-1.62
Moderately active& unhealthy eater 1.42 0.61-3.29
Active & healthy eater ref

Underweight Inactive & unhealthy eater 0.58 0.29-1.16
Moderately active& unhealthy eater 0.19 0.04-0.86
Active & healthy eater ref

Note: Reference= Normal weight, RRR=Relative risk ratio, CI= Confidence interval, ref= reference
*:<.05
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5.7.2 Korean adolescents

In the obesogenic behavior cluster of Korean adolescents, the probability of obesity
was statistically significant for obesity, overweight, and underweight. The risk of having
“obesity” was increased in the “Inactive & unhealthy eater” and “Moderately active&
unhealthy eater” clusters by 1.22 times (95% CI: 1.10-1.36) and 1.38 times (95% CI: 1.20-
1.59), respectively, compared to the “Active & healthy eater” cluster (Table 20).

This can be explained by the worse pattern cluster of obesogenic behavior having a
positive correlation with obesity, compared to the relatively good pattern cluster. The risk
of being “overweight” was increased in the “Moderately active& unhealthy eater” cluster
by 1.28 times (95% CI: 1.10-1.48), as compared to the “Active & healthy eater” cluster.
Finally, the risk of being “underweight” decreased in the “Moderately active& unhealthy
eater” by 0.49 times (95% CI: 0.39-0.63), as compared with the “Active & healthy eater”
cluster. This can be explained by the higher number of males in the obesity group,

compared with the females in the “Moderately actively & unhealthy eater” cluster;
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Table 20. The obesity classification related to cluster among Korean adolescents (N=17,462)

Variables Clusters RRR 95% ClI

Obesity Inactive & unhealthy eater 1.22™ 1.10-1.36
Moderately active & unhealthy eater 1.38™ 1.20-1.59
Active & healthy eater Ref

Overweight Inactive & unhealthy eater 1.10 0.99-1.23
Moderately active & unhealthy eater 1.28™ 1.10-1.48
Active & healthy eater ref

Underweight Inactive & unhealthy eater 1.13 0.99-1.28
Moderately active & unhealthy eater 0.49™ 0.39-0.63
Active & healthy eater ref

Note: Reference= Normal weight, RRR=Relative risk ratio, CI= Confidence interval, ref= reference
<001
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Chapter 6. Discussion

This study aimed to identify the cluster of obesogenic behavior, confirm the social
determinants of health, and compare the determinants of the cluster of obesogenic behavior
among ethnic minority adolescents and Korean adolescents. This chapter explains the
results and discusses the meaning of findings in the area of obesogenic behaviors, the
difference in characteristics of the cluster, social determinants of health associated with the
cluster of obesogenic behaviors, and the validity of the clusters of obesogenic behaviors of
ethnic minority adolescents and Korean adolescents. Finally, the chapter concluded with a
discussion on the study’s limitations, suggestions, and the implication and significance of

the study in nursing theory, research and practice.

6.1 Obesogenic Behaviors among Ethnic minority adolescents and

Korean adolescents

Obesogenic behavior is several complex behaviors that affect obesity and refers to
behavioral factors that are correlated with obesity(Liberali et al., 2021).In this study, it was
also found that the behavioral factors (Physical inactivity, sedentary time, obesogenic diet)
affecting obesity of ethnic minority adolescents and Korean adolescents were accompanied
with high correlation. Overall, ethnic minority adolescents in this study are sedentary for a
longer time on weekdays and weekends and eat less fruit than Korean adolescents. The

findings are consistent to another study by Kim (2019) that showed that ethnic minority
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adolescents are also more sedentary than Korean adolescents on weekdays and weekends.
In the United States, research comparing sedentary time among different ethnic groups
showed that black and Hispanic adolescents spend more sedentary time than Caucasian
adolescents, confirming the length of sedentary time gap among the various ethnic groups
of adolescents(Yang et al., 2019). In a comparative study among ethnic minority
adolescents in Korea, those from North Korea and other countries spent longer sedentary
time than those from the parents of East Asian nationalities(Kim, 2019). Therefore,
showing a sedentary time may be accepted at different levels among various ethnicities.
The difference in sedentary time by ethnic group is likely to occur due to differences
in parenting styles of various cultural backgrounds. South Asian women dislike structured
exercise and have a cultural feature that prefers a sedentary lifestyle because of virtues such
as humility and social events based on religious beliefs(Lucas et al., 2013). Therefore,
intervention considering the difference like preference of sedentary lifestyle by culture is
recommended to reduce ethnic minority adolescents’ sedentary time. The recommendation
also applies to the ethnic minority parents with adolescent children in Korea, as many
studies show that providing knowledge on health regarding sedentary time to the parents
effectively reduces the sedentary time of their teenage children(Altenburg, Kist-van Holthe,
&Chinapaw, 2016). Although this study had no comparative analysis of the sedentary time
by nationality of the parents of ethnic minority adolescents, we suggest investigating its

relationship with children’s sedentary time by parents’ cultural background in a future study.
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Fruit intake is considered a component of a balanced diet as it is a major vitamin
source in adolescents and provides a feeling of satiety, potentially preventing obesity
(Aprilia et al., 2018; Sharma et al., 2016; Tetens&Alinia, 2009). In previous studies,
insufficient fruit intake of adolescents is found to be a primary factor in obesogenic
behavior(Pengpid, &Peltzer, 2019; Liberali et al., 2021), and diseases (Krishnaswamy &
Gayathri, 2018). However, it has been known that both adolescents in Korea(KDCA, 2021)
and abroad(Li et al., 2021) gradually consume less fruit yearly. It is also confirmed that
ethnic minority adolescents consume less fruit than Korean adolescents in Korea (Lee et
al., 2015; Choi, 2015; Song, 2020), and longitudinal research abroad also shows
corresponding results to this study that ethnic minority adolescents consistently consumed
less fruit(Huang et al., 2019).

In the United States, adolescents from various ethnic groups showed disparities in fruit
intake and preferred types of fruit(Herrick et al., 2015). For instance, Asian consumed more
citrus and dried fruits than other ethnic groups, and Caucasians consumed berries the most.
Such disparity originates from acculturation, accessibility to fruit intake, and the social
experience of each ethnic group(Herrick et al., 2015). Moreover, there is a difference in the
cultural belief on fruit that ‘healthy food is not tasty.” The study showed that Asians tend to
choose healthy food even though it is not tasty(Briers et al., 2020). Also, it is reported that
various ethnic groups have different amounts of family mealtime, affecting nutritional
education and a balanced diet, leading to disparity in fruit intake (Surjadi et al., 2017).

Accordingly, intervention based on fruit preference in culture, the cause of insufficient fruit
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intake such as cultural belief, and family mealtime by ethnicity will effectively boost the
fruit intake of ethnic minority adolescents. Follow-up research on why ethnic minority
adolescents in Korea consume less fruit is also required.

This study found that ethnic minority adolescents consume fast food less frequently
than Korean adolescents. In the same context, a study comparing the fast food consumption
frequency of ethnic minority adolescents and Korean adolescents in 2018-2019 proved that
adolescents from ethnic minority groups had fast food less frequently (Song, 2020).
Meanwhile, research showed that ethnic minority adolescents took fast food more regularly
in other countries when compared fast food consumption by each ethnic group, contrasting
the result of the domestic research (Noonan, 2018). The reason can be found in the
accessibility to fast food restaurants. In this research, the number of ethnic minority
adolescents was more than twice that of Korean adolescents in rural areas. A preceding
study (Dunn, Sharkey, & Horel, 2012) shows the limited accessibility to fast food
restaurants in rural areas, causing contrasting results of ethnic minority adolescents eating
less fast food. In this research, the two groups did not show the disparity in material
circumstance related to fast food consumption (number of fast food restaurants,
convenience stores, and snack bars). It is recommended to execute a study on the
relationship between the material circumstance related to fast food consumption and ethnic
minority adolescents having fast food to prove the significance of the material circumstance
in the future.

Fast food is an affordable food option for adolescents (Janssen et al., 2018), and fast
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food consumption is reported to be an important representation of a social and cultural
affiliation with peers (Bugge, 2011). According to this study, only 17.3% of ethnic minority
adolescents ate fast food, but intervention is necessary to continuously reduce fast food
consumption in the future based on an understanding of not only the material circumstance
but also the psychosocial factors (a sense of belonging with peers) that affect fast food
consumption.

This study found that 67-84% of both ethnic minorities and Korean adolescent groups
did not meet the WHO’s recommended guidelines for MPA and VPA. In the case of
physical activity of domestic adolescents, middle school students engaged in a relatively
similar MPA rate over five years and the rate of physical activity engagement decreased
only recently in 2020 (KDCA, 2021). VPA values have continuously decreased over the
past five years with the largest decline (7.3%) occurring between 2019 and 2020 (KDCA,
2021). As physical activity has declined for both groups, regional or national measures are
urgently needed to promote physical activity for domestic adolescents.

Foreign studies also show that the rate of adolescents engaging in physical activity
has continuously declined over 10 years. In particular, a comparison of the rates of physical
activity engagement by race found that Caucasian adolescents engaged in a consistent level
of physical activity while African-American and Latino adolescents showed a decrease in
rates of physical activity engagement over 10 years (Chen et al., 2021). In Korea, cross-
sectional research reports that ethnic minority middle school students practiced in lower

levels of physical activity compared to Korean middle school students (Song, 2020; Lee
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&Cho, 2017); however, there was a lack of studies tracking yearly changes in physical
activity. Because a longitudinal design study can identify the various causes that affect
fluctuations in physical activity levels with considerations for time and can predict obesity
probability health outcomes based on changing levels of physical activity at two or more
points in time, a longitudinal design study is proposed to investigate the physical activity
of ethnic minority adolescents.

The data source for this study was investigated in 2020, after the outbreak of the
COVID-19 pandemic. In studies of obesity-inducing behaviors among adolescents abroad
and in Korea, there were changes such as decreased physical activity, increased sedentary
time (Pietrobelli et al., 2020), increased number of meals, and increased consumption of
fried and sweet foods(Ruiz-Roso et al., 2020). The obesity rate among adolescents in the
United States increased rapidly for one year among all adolescents (Dutta, 2020), and as a
difference in the risk of obesity between races was confirmed (Eneli& Pratt, 2022), changes
in the obesity rate and obesogenic behaviors among ethnic minority adolescents in Korea

are also expected, so further research is needed.

6.2 Difference in Characteristics of Clusters among Ethnic Minority

Adolescents and Korean Adolescents

The purpose of this study was to identify the cluster of obesogenic behaviors affecting

obesity by understanding obesogenic behavior as a combination of complex behavioral
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factors. Complex obesogenic behavior varies from person to person and is a combination
of multiple behaviors, making it a difficult health problem in which to intervene (Montesi
et al., 2016). There are recent cluster analysis studies on domestic adolescents (Lee & La,
2021), but there is no research on obesogenic behavior in ethnic minority adolescents. This
study is significant in that it is the first attempt to identify obesogenic behavior in ethnic
minority adolescents through cluster analysis.

Latent class analysis results from this study show that obesogenic behavior in ethnic
minority adolescents and Korean adolescents was identified in three clusters, in this study.
Most subjects belonged to the “Inactive & unhealthy eater” cluster(ethnic minority: 61.0%,
Korean: 49.6%), which was the cluster that had the highest incidence of obesogenic
behavior. However, in previous studies, the cluster that most subjects (30%) fell under,
overall, was healthy behavior patterns ‘high physical activity and short sedentary time’
(Fleary, 2017; Kim et al., 2015). Therefore, it was found difference the ratio of the cluster
that they belonged to in each study. For the validity of the ratio of the cluster after the
cluster analysis, it is suggested that a study should be conducted reflecting the real life of
adolescents in the future as an intervention study or a qualitative study.

Among the variables comprising the clusters in this study, the difference in sedentary
time was the most prominent and confirmed a successive difference between the three
clusters. The “Inactive & unhealthy eater” cluster had the longest sedentary time and
showed the highest number of obesogenic behaviors, while the cluster with the second

longest sedentary time. And the cluster with the shortest sedentary time followed a positive
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direction in the degree of obesogenic behaviors. Therefore, the most critical variable in
obesogenic behavior is sedentary time. Previous research also shows that a sedentary
lifestyle has the greatest influence on obesity, making it the most notable behavior among
obesogenic behaviors (Liberali et al., 2021; Tabacchi et al., 2018). The results of this study
and previous studies emphasize the need for sedentary time intervention to solve the
adolescent obesity problem.

As a result of confirming the difference in characteristics between the clusters of the
two groups(ethnic minority adolescents and Korean adolescents), the three clusters in this
study showed similar results if they belonged to a cluster with the same name, whether
ethnic minority adolescents or Korean adolescents. Three pairs of clusters with the same
number and similar characteristics were suitable for comparison between the two groups.
However, in the "Moderately active &unhealthy eater" cluster, the item-response
probability of physical inactivity and sedentary time among obesogenic behavior of ethnic
minority adolescents was higher than that of Korean adolescents. Among the clusters, the
"Moderately active &unhealthy eater" had a mixed pattern of a higher level of physical
activity and long sedentary time. This pattern of cluster behavior was frequently reported
in previous studies (Ferrar et al., 2013; Tassitano et al., 2020). Cluster is known as the
occurrence of healthy and unhealthy behaviors at the same time (Liberali et al., 2021), so
it is difficult to regard them as bad behaviors. The time units of questions about physical

activity(the number of days during the week) and sedentary time (hours during the
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weekdays or weekends) are different, and it is difficult to reflect meal time, sleep time, and
standing time other than two actions, so it is not a concept that can be counted relatively.

To date, the mixed behavioral patterns of clusters are known to be a problem that should
not be considered “the two sides of the same coin,” due to the complex interaction between
behaviors (Miranda et al., 2021). Thus, a future intervention study should be performed to
prove the relationship between physical activity and a sedentary lifestyle.

One of the obesogenic behavior variables, sedentary time, in which three step-by-step
differences were confirmed, produced outcomes that were identical across clusters
provided they shared the same name, whether they belonged to ethnic minority adolescents
or Korean adolescents. The results of the study in Czech, which analyzed adolescents aged
12~16, showed that the amount of recreational sedentary time on weekends increased more
than on weekdays (Sigmundova & Sigmund, 2021), and was similar to that of the entire
adolescents in this study.

However, it was found that the main difference between ethnic minority adolescents
and Korean adolescents was the amount of sedentary time on the weekends. In both clusters
(Inactive & Unhealthy Eater, Moderately Active & Unhealthy Eater) of this study, ethnic
minority adolescents' weekend sedentary time was longer than that of Korean adolescents.
Similarly, a European study reported that sedentary time on the weekends of ethnic
minority adolescents was higher than that of native adolescents (Iguacel et al., 2018). That
was explained that adolescents' sedentary time decreased because they were free to spend

time with their families or do outdoor activities on weekends. However, in the case of
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vulnerable groups such as immigrant families or parents of unemployed families,
adolescents' sedentary time was reported to be longer, and fewer adolescents joined sports
clubs (Iguacel et al., 2018). It has been reported that for adolescent children whose parents
are working, the child's sedentary time rises if they are not subject to penalties or
supervision (Hatakeyama, 2020). Also, adolescents with non-working mothers are more
involved in sports programs because working mothers do not have time to take their
children to activities such as sports programs (Hofferth & Sandberg, 2001). Not only that,
working moms preferred to sit together and relax after work rather than engage in physical
activities with their children, and there was a pattern that allowed their children watch TV
while the mother’s doing chores (Beyens & Eggment, 2017). As such, it can be interpreted
that ethnic minority adolescents in Korea are unable to engage in outdoor and physical
activities due to having a working mom and a lack of cultural or activity space to enjoy,
and instead spend time sitting watching TV, playing on Internet games, etc. Another study
reported that the obesity rate was higher among adolescents who were often sedentary
during the weekends, and the intervention using weekend time was paid attention as an
essential factor in preventing adolescent obesity (Li et al., 2019). Therefore, it is considered
necessary for a health program to induce ethnic minority adolescents to do outdoor activity
or be physically active so that their weekend leisure time is not biased toward sedentary
time compared to Korean adolescents.

Physical activity variables among the obesogenic behavior variables were classified

into two clusters with high physical inactivity levels and one cluster with low physical
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inactivity levels. In this study, both ethnic minority adolescents and Korean adolescents
reported that more than 60% of the total subjects had a high level of physical inactivity. In
particular, fewer ethnic minority adolescents practiced MPA for more than five days a week.
The future study is suggested why ethnic minority adolescents practiced less MPA than
Korean adolescents.

The self-reported responses to the frequency of five food intakes in this study made
up the obesogenic diet factors, which were included in the obesogenic behavioral variables.
However, the results of the obesogenic diet between ethnic minority adolescents and
Korean adolescents were very similar, so the difference between clusters was not confirmed.
Future research on the obesogenic diets of Ethnic minority adolescents and Korean
adolescents is recommended to take a range of dietary factors (particular food preference,
meal cost, family meal time, regularity; Kim et al., 2012) into account to distinguish
between the characteristics of each cluster.

Regarding the number of clustering and variables, in previous studies that conducted
cluster analysis on adolescent obesogenic behavior, the number of clusters varied in each
study (Liberali et al., 2021). In previous studies, the number of clusters was mainly
narrowed down to two to seven clusters, with two to four clusters being the most common
(Liberali et al., 2021). The number of variables consisting of clusters was used down to five
to seventeen (Liberali et al., 2021). because affiliation probabilities may vary depending on

the number of variables and responses included in the cluster analysis (Dean & Raftery,
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2010), for this study, response values were recategorized using a binary scale in
consideration of a large number of variables with eight variables for obesogenic behavior.

In this study, the three clusters were named ‘Inactive & unhealthy eater’, ‘Moderately
active & unhealthy eater’, and ‘Active & healthy eater’. While clusters were directly
referred to and intuitively named High PA, High ST, etc. in previous research (Park & Kim,
2020), this study considered names that were easy to understand, conveyed meaning and

revealed all variable characteristics of obesogenic behavior.

6.3 Social Determinants of Health Associated with Cluster of Obesogenic

Behaviors

Social determinants of health, including gender, ethnicity, stress and material
circumstances, influence obesogenic behavior (Fleary & Freund, 2018). Mainly, ethnicity
crucially affects the obesogenic behavior of ethnic minority adolescents (Fleary, 2017),
thus it is worthy to identify ethnic minority specific social determinants of health and their

implication for research and practice compared to those in Korean adolescents.

6.3.1 Ethnic minority adolescents

Among the social determinants of health of ethnic minority adolescents, gender
among socioeconomic position of structural determinants and stress among psychosocial

factors of intermediary determinants were found to have significant correlations with the
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‘Moderately active & unhealthy eater’ and ‘Inactive & unhealthy eater’ cluster, respectively.
The other variables were found to have no significant correlations with any clusters.

First of all, gender of socioeconomic position in structural determinants affected
‘Moderately active & unhealthy eater’ cluster. Compared to the ‘Active & healthy eater’
reference group, male adolescents were more likely to be in the ‘Moderately active &
unhealthy eater’ cluster than female adolescents. In the other study with cluster analysis,
‘Techno-active gamers,’ the similar cluster with ‘Moderately active & unhealthy eater’ in
this study, showed a pattern of having low physical inactivity and spending longer
sedentary time (Tassitano et al., 2020), being appeared a pattern similar to the results of
this study. Compared to the reference group (average in all variables), male adolescents
were 10.37 times (95% CI: 7.35-14.62) more likely to be in the ‘Techno-active gamers’
cluster, supporting the result that male adolescents have a higher chance of being in
‘Moderately active & unhealthy eater’ cluster from this research. Among them, in a cluster
analysis study classifying gender, it was reported that 40% of male students and 60% of
female students practiced high physical inactivity(Kim et al., 2016). Although gender was
not categorized and examined in this study, a future study is suggested since it is expected
that the level of physical inactivity of the cluster produced from cluster analysis will differ
when defining gender. Moreover, this cluster with the occurrence of healthy or unhealthy
behavior in obesogenic behavior is prevalent among male adolescents (Huh et al., 2011)
and female adolescents (Lee & La, 2021), confirming inconsistent results. Additional

studies on obesity behavior clusters according to gender are needed, and gender-specific

129



interventions are needed according to the characteristics of different clusters according to
gender.

Nextly, the stress of psychosocial factors in intermediary determinants, affected
‘Inactive & unhealthy eater’ cluster. According to the analysis of social determinants of
health in ethnic minority adolescents by cluster, the adolescents were more likely to be in
the ‘Inactive & unhealthy eater’ cluster when they get more stressed, compared to the
‘Active & healthy eater,” the reference group. Obesogenic behaviors of the ‘Inactive &
unhealthy eater’ cluster include high physical inactivity, long sedentary time, and
obesogenic dietary habits like small eating fruit and having many carbonated drinks.

Preceding foreign study also shows that higher stress level is linked to high physical
inactivity (Ajibewa et al., 2021). It supports the result from this research that more stressed
adolescents are more likely to be in the ‘Inactive & unhealthy eater’ cluster with high
physical inactivity. Among the studies on the correlation between physical inactivity and
stress, the results of the study that physical inactivity affects stress are predominant, also
indicate that the two factors are strongly related to each other. Physical activity can have
immediately a positive effect on emotions (Liao et al., 2017) and also distract from negative
thoughts as well as stress (Mikkelsen et al., 2017).

Also, among the studies on the correlation between ST and stress, more research
results have been reported that ST has an effect on stress than the effect of stress on ST.
Within the ‘Inactive & unhealthy eater,” the result is consistent with the preceding study

that sedentary time is in proportion to stress (Fang et al., 2014). Sedentary behaviors have
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been reported to cause stressbecause they displace time spent on other important activities
such as cleaning the house, work-related job (Teychenne et al., 2016).Therefore, the higher
the stress, the longer the sedentary time, so stress management is required to reduce the
sedentary time of adolescents.

Among the studies on the correlation between obesogenic diet and stress, more
research results have been reported that obesogenic diet has an effect on stress than on the
effect of stress on obesogenic diet. Another point that stress level is more likely to increase
in a cluster with little eating fruit and heavy drinking of carbonated and sweetened drinks
is concurrent with this research’s finding (Lee & La, 2021).Instead of eating fruits or
vegetables, teenagers eat foods rich in sugar and fat, called comfort foods, to cope with
stress and raise temporary positive moods through compensation feelings (Michels, 2019).
Most are followed by negative emotions such as shame and guilt, so this emotional eating
is reported to cause a vicious cycle (Michels, 2019).That is, stress management is crucial
to reducing obesogenic behavior of the ‘Inactive & unhealthy eater’ cluster among ethnic
minority adolescents.

Meanwhile, the importance of stress management is highlighted as a directly
influencing mechanism of stress to obesity is emphasized, not that obesogenic behavior has
a successively mediating effect between stress and obesity (Foss & Dyrstad, 2011). It is
explained as a pathophysiological mechanism including the stress reaction system of the
body and cortisol release. The studies tell that stress directly triggers cell transformation or

alters gene structure beyond simply affecting obesogenic behavior (Kansra et al., 2021;
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Kappes et al., 2021). Notably, it is clarified that chronic stress induces enlargement of a fat
cell and expedites transformation from a pre-fat cell to a mature fat cell (Kappes et al.,
2021). It indicates that stress intervention is required not only for obesogenic behavior but
also for obesity.

As ethnic minority adolescents get stressed from cultural adaptation and have limited
ways to release stress (Eun et al., 2019), the quantity and quality of their stress are expected
to show a gap from those of Korean adolescents. Therefore, evaluating and managing
ethnic minority adolescents’ stress will improve their mental health as well as ultimately

deter obesogenic behaviors, and solve the obesity problem.

6.3.2 Korean adolescents

Among the social determinants of health of Korean adolescents, structural
determinants (gender, age, father’s educational level, economic status) and intermediary
determinants (behaviors and biological factors: sleep time, academic performance;
psychosocial factors: stress, depressive symptom and self-rated health; material
circumstances: width of parks, fast food restaurants) were found to have significant
correlations with the clusters. The other factors were found to have no significant
correlations with any clusters.

First of all, gender affected ‘Inactive & unhealthy eater’ and ‘Moderately active &
unhealthy eater’ clusters among Korean adolescents. Participants were more likely to be in

the cluster than the reference group of ‘Active & healthy eater’ when they are male. A
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previous study also demonstrated that adolescents tend to have more obesogenic behaviors
when they are male adolescents from low-income families (Fan & Zhang, 2021). As a result
of the scoping review of this study, the high PA cluster was mainly reported in male
students, and the long sedentary time cluster was identified primarily in female students,
demonstrating similar cluster characteristics to those in these clusters (Fleary, 2017; Kim
et al., 2015; Tassitano et al., 2020). In conclusion, these results indicated that there was a
definite difference in behavioral patterns between male and female adolescents.

In this study, the probability of belonging to the 'Inactive & unhealthy eater' cluster
increased with increasing age. Similar to the results of this study, previous studies have
reported that obesogenic behavior increases with age (Sigmundova& Sigmund, 2021). It
was considered that obesogenic behavior increased with age as autonomy increased and
the influence of parents’ supervision decreased. Further research is needed for alternatives
to manage obesogenic behaviors in older adolescents.

About the father’s educational level in this study, the lower the parent's educational
level, the higher the PA cluster ‘Moderately active & unhealthy eater’. In previous
studies(Mufioz-Galiano, et al., 2020), it was confirmed that the higher the parent's
educational background, the higher the PA, which contradicted the results of this study.

About the economic status of clusters, the difference was confirmed, which was
identified that the economic status of the physically active cluster was higher. A previous
study also demonstrated that adolescents tend to have more physical activity when they are

from high-income families (Fan & Zhang, 2021). Higher SES of households was associated
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with longer sitting times for adolescent children, which was identical to the results found
by the current study (Atkin et al., 2013). The phenomenon has been explained as the
sedentary lifestyles of parents with high SES, who have relatively longer sitting times,
affecting their children; in the current study, the parents' behavior patterns could not be
confirmed. Future studies should also analyze additional variables—parents' thoughts and
attitudes toward the sedentary lifestyle of their adolescent children, and the length of sitting
time for the parents—to identify the influence of parents.

Among behaviors and biological factors, adolescents with a longer sleep time are less
likely to be in the ‘Inactive & unhealthy eater’ cluster. As sleep time is involved in
regulating appetite-controlling hormones, lacking sleeping time is a primary behavior and
biological factor causing aggravated obesogenic behavior (Miller et al., 2015). They
suggested starting to sleep earlier and longer because obesity behavior is altered with sleep
duration as a mediating factor to help the recovery of hormonal balance and control of
obesogenic dietary habits. So the intervention regarding sleep time will be needed to
manage obesogenic behaviors.

Among behaviors and biological factors in the intermediary determinants, there was
a higher risk of being in the ‘Inactive & unhealthy eater’, ‘Moderately active & unhealthy
eater’ cluster among those with lower academic achievements. There were more studies on
the effect of PA on academic performance than on the effects of academic performance on
PA, and the interpretation of the correlation was as follows. Previous research indicated

that academic achievement scores increased with the addition of 1 minute of daily physical
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activity (PA), which did not agree with the results of the current study (Lima et al., 2019).
However, it has been explained that PA can be associated with academic achievement via
various paths. PA is known to be related to brain activations—such as executive functions,
neurobiological measures of the brain, psychosocial measures, and mental health
outcomes—in increasing academic achievement. As a result, the association between PA
and academic achievement can be said to be controversial.

Like ethnic minority adolescents, Korean adolescents with higher stress among
psychological factors also had a higher chance of being categorized in the ‘Inactive &
unhealthy eater’ cluster. A study explained that stress leads to obesity with psychological,
behavioral, and physiological influences, and obesity induces stigma of the obesity itself,
creating a cycle leading back to stress (Tomiyama, 2019). Accordingly, supervising stress
is crucial for obesity management.

Among the psychosocial factors, there was a higher risk of being in ‘Moderately active
& unhealthy eater’ cluster for those who had higher levels of depression and better
assessments of perceived health. Well-known research articles indicate that adolescents
with high PA are less likely to indicate symptoms of depression, which did not agree with
the results of the current study (McDowell et al., 2017; Schuch et al., 2018).

Regarding self-rated health, there were more studies on the effect of PA on self-rated
health than on the effects of self-rated health on PA. Among the factors related to the self-
rated health of adolescents, PA was reported to have the greatest influence, and it was found

that the subjective health level of adolescents who practiced PA every day was high
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(Lachytova et al., 2017). Since the correlation between the two variables is reported to be
high, if the self-rated health is high, other health behaviors can be evaluated as positive.

Among material circumstances, there was a higher risk of being in ‘Moderately active
& unhealthy eater’ cluster for smaller widths of parks. As a result of previous systematic
review studies on the material circumstances, it was reported that there was no relationship
between widths of parks and PA(Zhang et al., 2019). In this study, ‘Moderately active &
unhealthy eater’ as a cluster that does PA a lot, but it is possible that they do not practice
PA in the park. As there have been few studies on the size of parks among adolescents in
Korea, further research is needed on the obesogenic behavioral patterns of adolescents
related to width of park and park use.

Lastly, among material circumstances, Korean adolescents residing in the area with
many fast food restaurants are more likely to be in the ‘Inactive & unhealthy eater’ cluster.
The number of fast food restaurants is an obesogenic environment (ECHO, 2016), and it is
reported that simpler access to fast food restaurants leads to a higher obesity rate (An et al.,
2019). Based on previous research that adolescents living in the area with highly accessible
fast food restaurants are more likely to have fast food (Wu et al., 2021), if there are more
fast-food restaurants in the ‘Inactive & unhealthy eater’ cluster’s residential area, eating
fast food more often is likely to lead to obesity.

Some countries impose legal restrictions on starting fast food restaurants near schools
to promote healthy eating behaviors in adolescents (Bhawra et al., 2018). In South Korea,

a law was enforced since 2010 to designate and manage areas within 200m distance from
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schools as Green Food Zone (Bae et al., 2012). The Special Act on Safety Management of
Children’s Dietary Lifestyle bans the sale and advertising of high-calorie, low-nutrient and
high-caffeine foods inside Green Food Zone. By 2016, it was reported that Green Food
Zones were implemented in over 7,333 schools (Ministry of Food and Drug Safety, 2021).
In Canada, policies for adolescent obesity banned advertising fast foods, imposed taxations
and had calorie, high sugar, and high salt labeled on all menus of fast food restaurants to
restrict fast food intake. Menu labeling was reported to have the largest effect on BMI
(Bhawra et al., 2018). Therefore, the results of this study suggest that to restrict fast food
consumption in adolescents, policy interventions such as restricting material circumstance

such as fast food restaurants, banning advertisements, and food labeling are necessary.

6.4 The Validity of the Clusters of Obesogenic Behaviors

This study aimed to secure the validity of the three clusters of obesogenic behaviors
derived by checking the probability of obesity according to the clusters. In this regard,
multinomial logistic regression analysis was used to confirm differences in obesity by
cluster. In addition, obesity classification differences of predict probability by cluster were
explained using the percentage distribution (Appendix 2).

Based on the ‘Active & healthy eater’ cluster that had the lowest obesogenic behaviors
among ethnic minority adolescents’ clusters, the probability of being obese and overweight

compared to normal weight was not significant in the other clusters. In the case of
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‘Moderately active & unhealthy eater’ cluster, the probability of being underweight
decreased compared to normal weight. (However, based on the ‘Active & healthy eater’
cluster that showed less obesogenic behaviors among Korean adolescent clusters, the
probability of being obese and overweight compared to normal weight increased in the
other clusters. Compared to ‘Active & healthy eater’ cluster, the probability of being obese
increased in the ‘Inactive & unhealthy eater’ cluster. In the ‘Moderately active & unhealthy
eater’ cluster, the probability of being obese and overweight increased, and the probability
of being underweight decreased.)

Reflection on statistically insignificant factors—in the relationship between clusters
of multicultural youth and obesity—can be organized into four reasons, as follows.

The reason for statistically non-significant results regarding the association between
ethnic minority adolescents’ clusters and obesity is that obesity and being overweight may
not appear at the same time as obesogenic behaviors, and it may take a long period to reach
obesity. Time differences were observed in adolescents for obesogenic behaviors to reach
obesity, and it was reported that as age increased, physical activity and sedentary lifestyle
increased, leading to increased BMI (Datar et al., 2013; lannotti& Wang, 2013).

In addition, the physical activity variable analyzed in this study did not measure the
amount of physical activity by objective method, but the number of days of physical
activity depending on the subject's recollection. This may not sufficiently reflect the energy
consumption that affects obesity, and thus the correlation with obesity may not have been

confirmed because there was no difference in the characteristics of each cluster. So, an
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objective data collection method that uses a wearable activity tracker to estimate energy
consumption in real life is recommended (Brickwood et al., 2019). Wearable devices are
known to be useful for research on physical activity because they can collect data related
to 24-hours steps and energy consumption or provide real-time feedback to medical
professionals(Cadmus-Bertram et al., 2015).

Third, as BMI was measured using a self-report survey in this study, there is a
possibility that subjective answers were not accurately reported real weight or height. In
the United Kingdom, as a result of comparing self-report values and directly measured
values of height and weight of students aged 15-16, self-report bias was observed, where
weights were underestimated by an average of 0.52kg (Elgar et al., 2005). In particular,
those who were obese or overweight underestimated their weight more compared to those
who were normal or underweight, confirming that the obesity rate of the measured values
was higher than the self-report values (Elgar et al., 2005; Leatherdale & Laxer, 2013).

Lastly, while another study reported ‘not intake of vegetables, intake of bread or
snacks, not intake of fish, and high-fat diet’ as major obesogenic eating behaviors (Leandro
etal., 2019; Liberali et al., 2020), this study did not include ‘frequencies of vegetable intake,
high-fat diet, and carbohydrates intake’ in obesogenic behavior. As a result, due to this, it
is possible that the difference in obesity or overweight by obesogenic behavior clusters,
was not statistically significant, because it was insufficient to support the theoretical basis

of obesogenic behavior. Therefore, it is suggested future studies with ‘vegetables, high-fat
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diet, etc.” included in obesity-related diet should be conducted to classify obesogenic
behavior clusters.

In this study, ethnic minority adolescents showed a higher probability of being
underweight. Previous studies also reported a higher probability of being underweight in
ethnic minority adolescents compared to Korean adolescents (Park, 2017; Song, 2020). The
problem of being underweight was confirmed by the insufficient nutritional intake of ethnic
minority adolescents (Song & Song, 2020). Associated factors with ethnic minority
adolescents being underweight were reported to be cultural adaptation stress, body image
dissatisfaction (McCullough et al., 2020), depression symptoms (Lim & Park, 2014), or
dietary problems of international marriage migrant women who are their mothers (Yang,
2016). Therefore, appropriate nutrition education should be provided in consideration of
psychosocial factors for underweight ethnic minority adolescents. In addition, because the
socioeconomic environment of ethnic minority adolescents is the primary factor
determining household food security, level of nutritional knowledge in parents, health
behaviors, selection of foods in adolescents, and quality of diet (Noonan, 2018), it can lead
to being underweight. Therefore, among them, guidelines for selecting healthy foods and
food culture education are needed to enhance food literacy among a group of immigrants
as a possible intervention factor (Blanchet et al., 2018).

In addition to the regression method used in this study (Magee et al., 2013; Kim,
Barreira, & Kang, 2016; Tassitano et al., 2020), other studies conducted validity analyses

using likelihood ratio tests or hypothesis tests such as ANOVA (Liberali et al., 2020),
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percentages of ‘obese, overweight, normal, underweight’ (Liberali et al., 2020; lannotti&
Wang, 2013), or distribution (Huh et al., 2011). As alternative statistical methods,
Propensity Score Matching (PSM) analysis (Dhdda& Greene, 2018) or regression analysis
with moderators (Riley et al., 2021) are suggested. In other words, after securing
homogeneity by selecting subjects with similar socioeconomic levels for the two groups
(ethnic minority adolescents and Korean adolescents) using PSM, we can then compare
differences between obesogenic behavior clusters for each group. In addition, we propose
a study to identify the mediating factors affecting obesity that can be intervened in nursing
practice using moderation analysis of regression analysis.

In summary, differences in obesity between the three obesogenic behavior clusters of
ethnic minority adolescents and Korean adolescents were identified. For ethnic minority
adolescents, it was confirmed that interventions for being underweight rather than
overweight are necessary. In the case of Korean adolescents, the probability of being obese
was highest in ‘Moderately active & unhealthy eater’ cluster, thus suggesting development
of obesity education program according to the obesogenic behavioral characteristics of that

cluster.

6.5. Nursing Implications

6.5.1 Nursing theoretical aspect
This study is meaningful in that it analyzed ethnic minority adolescents’ obesogenic

behavior clusters based on social determinants of health to identify characteristics of the
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clusters and associated social determinants of health (structural determinants, intermediary
determinants; behaviors and biological factors, psychosocial factors, material
circumstances), which provide evidence-based body of knowledge for preventing obesity
in ethnic minority adolescents. Gender among the structural factors and stress among the
social-psychological factors were identified as social determinants of health that affected
the clusters, thus providing evidence for consideration of gender differences during
obesogenic behavior interventions, and provision of stress management programs to

increase intervention effects.

6.5.2 Nursing research aspect

This study was one of the first attempts to project the latent subtypes by analyzing the
ethnic minority adolescents’ obesogenic behaviors. The three clusters which were derived
through the cluster analysis showed the biggest difference in sedentary lifestyle, with the
ethnic minority adolescents being more sedentary than Korean adolescents during the
weekends. The obesogenic behavior cluster with the highest frequency was ‘the cluster
with less physical activities, longer sedentary hours and unhealthy dietary intake (fewer
fruits and more carbonated drinks).” We presented the basis for the design of an integrated
obesity intervention program which will overcome the limitations of the existing obesity
intervention programs focusing on the increase of physical activities and the decrease of
fast-food intake, by identifying the traits of each obesogenic behavior cluster. Additionally,

we presented the fact that there are differences in the food preference among the ethnic
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minority adolescents by their ethnic and cultural background as well as the necessity of a
new approach which is informed by the psychosocial factors such as the sense of belonging

with their peer group and the stress of cultural adaptation.

6.5.3 Nursing practice aspect

This study stresses the necessity to manage the psychosocial factors such as stress when
institutions for the ethnic minority adolescents’ health consider the obesity prevention and
intervention, based on the fact that the ‘inactive & unhealthy eater’ was the most common
factor with stress being an affiliated one for the obesogenic behavior clusters of the ethnic
minority adolescents who are more vulnerable than Korean adolescents. Difference in the
sedentary hours during the weekends was identified between Korean adolescents and the
ethnic minority adolescents which will be the basis to support the necessity of the health

improvement intervention to help them better utilize their leisure time on the weekends.

6.6Limitations of the study

Though this study has some important implications, it has some limitations.

First, the sample may be representative of adolescents residing in South Korea.
However, it is difficult to generalize the findings of this study because the samples of this
study were selected for the study. Moreover, the results by LCA have a limitation because

of being highly data-driven. Therefore, the results of the current study will need to be
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supported by other independent samples of ethnic minority adolescents.

Second, the data relied on adolescents’ self-report for obesogenic behaviors, height,
weight, economic status, and academic performance, which may have led to information
bias. Adolescents seem to overestimate health behavior, which can be an indicator of social
desirability bias. The weight and height information was analyzed after confirming the
measurements beyond the acceptable limit and the outlier. We also used standardized
protocols and indicators of obesogenic behaviors to minimize measurement errors. We also
considered that this problem does not impair the relevance of the study because the

analyzed cluster of obesogenic behavior was recognized to be associated with obesity.

Third, in this study, there is a limitation in that the sedentary time of real life is not
reflected because the sedentary time means time for purposes other than learning of
weekdays and weekends, not including time for purposes the learning or eating of
weekdays and weekends. Therefore, the interpretation was not clear why adolescents did a
high frequency of physical inactivity and short sedentary time or adolescents did a low

frequency of physical inactivity and long sedentary lifetime.

Forth, cluster classification may not have been elaborated because obesogenic
dietary variables were not included fully according to the purpose of this study as secondary
data. In particular, the vegetable intake questionnaire surveyed until 2019 in KYRBS was
excluded in 2020 in KYRBS. To understand the validity and characteristics of cluster
classification, it is suggested that an investigation into not only vegetables, but also high-

fat and high-calorie diets are needed.
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Chapter 7. Conclusion and suggestions

This secondary data analysis study showed evidence of the social determinants of
health in the ethnic minority adolescents’ and Korean adolescents’ obesogenic behavior
clusters, based on the conceptual framework of the social determinants of health (Solar &
Irwin, 2010). This study is meaningful in that it aimed to identify the obesogenic behavior
clusters by considering the simultaneous and complex behavioral patterns rather than
regarding individual behaviors as a single factor, and was also considered the material
circumstance for the ethnic minority adolescents’ obesogenic behaviors.

In this study, the level of obesogenic behaviors of ethnic minority adolescents were
greater than that of Korean adolescents, and three clusters of obesogenic behaviors were
derived. The obesogenic behaviors were classified into three areas such as physical
inactivity, sedentary time and the obesogenic diet, while social determinants of health were
classified into the structural factor and intermediary factors which include the behaviors
and biological factors, psychosocial factors and material circumstances. The cluster
analysis revealed the clusters such as ‘Inactive & unhealthy eater’, ‘Moderately active &
unhealthy eater’, and ‘Active & healthy eater’ for both the ethnical minority adolescents
and Korean adolescents. For ethnic minority adolescents, the social determinant for health
that affects ‘Inactive & unhealthy eater’ cluster was stress and the social determinant of
health that affects the ‘Moderately active & unhealthy eater’ cluster was the male gender.

By identifying the social determinants of health affecting the identified clusters, this study
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provided an evidence on the group in need of obesity prevention and management,
suggesting cluster-specific intervention. Only the difference in the underweight was
identified for the ethnic minority adolescents while the difference in both the obesity and
underweight were identified for Korean adolescents, which provided the validity of the
clusters.

This study utilized representative and publicly open secondary data about the ethnical
minority adolescents and Korean adolescents residing in South Korea, which was extracted
through a stratified sampling method by region. However, due to the decrease of the sample
size caused by the data cleaning process against the no-responses and not applying the
value of the weight, discretion is required in the generalized interpretation. It is suggested
the follow-up studies use larger samples of the ethnic minority adolescents in regional
communities, perform the cluster analysis, and compare each cluster’s traits.

There was a difference between adolescents’ genders in the obesogenic behaviors and
therefore a gender-specific cluster analysis is suggested as a follow-up study as long as the
size of the sample becomes large enough.

Obesogenic behaviors among adolescents are being accelerated due to the increased
screen-based lifestyles and this study revealed that the sedentary lifestyle was the biggest
differentiator between clusters. Therefore, it is crucial for nurses and researchers in the
adolescents’ health care field to provide interventions for reducing the sedentary time and

seeking ways to improve the physical activities as an alternative.

146



References

Abdullah, N. F., Teo, P. S., & Foo, L. H. (2016). Ethnic differences in the food intake patterns and
its associated factors of adolescents in Kelantan, Malaysia. Nutrients, 8(9), 551.

Ajibewa, T. A., Beemer, L. R., Sonneville, K. R., Miller, A. L., Toledo-Corral, C., Robinson, L. E.,
& Hasson, R. E. (2021). Psychological stress and lowered physical activity enjoyment in
adolescents with overweight/obesity. American Journal of Health Promotion, 35(6), 766-774.

Alegria, M., Shrout, P. E., Canino, G., Alvarez, K., Wang, Y., Bird, H., ... & Duarte, C. (2019). The
effect of minority status and social context on the development of depression and anxiety: a
longitudinal study of Puerto Rican descent adolescents. World Psychiatry, 18(3), 298-307.

Algren, M. H., Ekholm, O., Nielsen, L., Ersbgll, A. K., Bak, C. K., & Andersen, P. T. (2018).
Associations between perceived stress, socioeconomic status, and health-risk behaviour in
deprived neighbourhoods in Denmark: a cross-sectional study. BMC Public Health, 18(1), 1-
12.

Altenburg, T. M., Kist-van Holthe, J., &Chinapaw, M. J. (2016). Effectiveness of intervention
strategies exclusively targeting reductions in children’s sedentary time: a systematic review of
the literature. International Journal of Behavioral Nutrition and Physical Activity, 13(1), 1-18.

An,R., He, L., & Shen, M. J. (2020). Impact of neighbourhood food environment on diet and obesity
in China: a systematic review. Public health nutrition, 23(3), 457-473.

Aprilia, N., Tantomo, D., Pawito, P., & Murti, B. (2018). The Effects of Water Intake, Fruits and
Vegetables Consumption, and Socio-Cultural on Obesity among Adolescents. Journal of
Health Promotion and Behavior, 3(4), 279-289.

Atkin, A. J., Corder, K., Ekelund, U., Wijndaele, K., Griffin, S. J., & van Sluijs, E. M. (2013).

147



Determinants of change in children’s sedentary time. PL0S One, 8(6), e67627.

Bae, S. G., Kim, J. Y., Kim, K. Y., Park, S. W., Bae, J., & Lee, W. K. (2012). Changes in dietary
behavior among adolescents and their association with government nutrition policies in Korea,
2005-2009. Journal of Preventive Medicine and Public Health, 45(1), 47.

Balantekin, K. N., Birch, L. L., & Savage, J. S. (2015). Patterns of weight-control behavior among
15 year old girls. International journal of eating disorders, 48(6), 589-600.

Bames, J., Behrens, T. K., Benden, M. E., Biddle, S., Bond, D., Brassard, P., ... & Woodruff, S.
(2012). Standardized use of the terms" sedentary” and" sedentary behaviours". Applied
Physiology Nutrition and Metabolism-PhysiologieAppliquee Nutrition Et Metabolisme, 37,
540-542.

Barbouni, A., Amanaki, E., Lagiou, A., Barbounis, D., Kalogirou, S., &Merakou, K. (2017).
Association between Weight Status and the Built Environment around Schools in Greece Using
Geographical Information Systems Technology. International Journal of Caring
Sciences, 10(3), 1391.

Beyens, 1., &Eggermont, S. (2017). Understanding children’s television exposure from a life
logistics perspective: a longitudinal study of the association between mothers’ working hours
and young children’s television time. Communication Research, 44(5), 691-716.

Bhawra, J., Reid, J. L., White, C. M., Vanderlee, L., Raine, K., & Hammond, D. (2018). Are young
Canadians supportive of proposed nutrition policies and regulations? An overview of policy
support and the impact of socio-demographic factors on public opinion. Canadian Journal of
Public Health, 109(4), 498-505.

Blanchet, R., Nana, C. P., Sanou, D., Batal, M., & Giroux, I. (2018). Dietary acculturation among
black immigrant families living in Ottawa—a qualitative study. Ecology of food and
nutrition, 57(3), 223-245.

148



Boone-Heinonen, J., Gordon-Larsen, P., & Adair, L. S. (2008). Obesogenic clusters:
multidimensional adolescent obesity-related behaviors in the US. Annals of Behavioral
Medicine, 36(3), 217-230.

Braveman, P., &Gruskin, S. (2003). Defining equity in health. Journal of Epidemiology &
Community Health, 57(4), 254-258.

Brickwood, K. J., Watson, G., O'Brien, J., & Williams, A. D. (2019). Consumer-based wearable
activity trackers increase physical activity participation: systematic review and meta-
analysis. JMIR mHealth and uHealth, 7(4), e118109.

Briers, B., Huh, Y. E., Chan, E., & Mukhopadhyay, A. (2020). The unhealthy= tasty belief is
associated with BMI through reduced consumption of vegetables: A cross-national and
mediational analysis. Appetite, 150, 104639.

Brown, W. J., Bauman, A. E., & Owen, N. (2009). Stand up, sit down, keep moving: turning circles
in physical activity research?.British Journal of Sports Medicine, 43(2), 86-88.

Bugge, A. B. (2011). Lovin'it? A study of youth and the culture of fast food. Food, culture &
society, 14(1), 71-89.

Cabanas-Sanchez, V., Martinez-Gémez, D., Esteban-Cornejo, 1., Castro-Pifiero, J., Conde-Caveda,
J., &Veiga, 0. L. (2018). Reliability and validity of the adolescents leisure-time sedentary
behavior questionnaire (YLSBQ). Journal of science and medicine in sport, 21(1), 69-74.

Cadmus-Bertram, L. A., Marcus, B. H., Patterson, R. E., Parker, B. A., & Morey, B. L. (2015).
Randomized trial of a Fitbit-based physical activity intervention for women. American journal
of preventive medicine, 49(3), 414-418.

Campana, B., Brasiel, P. G., de Aguiar, A. S., & Dutra, S. C. P. L. (2019). Obesity and food addiction:
similarities to drug addiction. Obesity Medicine, 16, 100136.

Centers for Disease Control and Prevention. (2020). Youth Risk Behavior Surveillance System

149



(YRBSS) > Results.

https://www.cdc.gov/healthyadolescents/data/yrbs/factsheets/2019 obesity trend yrbs.htm

Centers for Disease Control and Prevention. (2022). Childhood Obesity Facts.

https://www.cdc.gov/obesity/data/childhood.html

Centers for Disease Control and Prevention. (2011). How much physical activity do children need.
Centers for Disease Control and Prevention.

Centers for Disease Control and Prevention. (2008). State Nutrition, Physical Activity and Obesity
(NPAO) Program: Technical Assistance Manual. Division of Nutrition, Physical Activity, and

Obesity. https://www.cdc.gov/obesity/downloads/dnpao_evidence sources_factsheet.pdf

Chaput, J. P., Lambert, M., Mathieu, M. E., Tremblay, M. S., O'loughlin, J., & Tremblay, A. (2012).
Physical activity vs. sedentary time: independent associations with adiposity in
children. Pediatric obesity, 7(3), 251-258.

Chen, T. J., Watson, K. B., Michael, S. L., & Carlson, S. A. (2021). Sex-Stratified Trends in Meeting
Physical Activity Guidelines, Participating in Sports, and Attending Physical Education
Among US Adolescents, Youth Risk Behavior Survey 2009-2019. Journal of Physical Activity
and Health, 18(S1), S102-S113.

Chen, X., Beydoun, M. A., & Wang, Y. (2008). Is sleep duration associated with childhood obesity?
A systematic review and meta-analysis. Obesity, 16(2), 265.

Cheval, B., Sivaramakrishnan, H., Maltagliati, S., Fessler, L., Forestier, C., Sarrazin, P., ...
&Boisgontier, M. P. (2021). Relationships between changes in self-reported physical activity,
sedentary behaviour and health during the coronavirus (COVID-19) pandemic in France and
Switzerland. Journal of sports sciences, 39(6), 699-704.

Choi, Y. S. (2015). Comparison of Dietary Habits of Adolescents from Multicultural and General

150


https://www.cdc.gov/healthyadolescents/data/yrbs/factsheets/2019_obesity_trend_yrbs.htm
https://www.cdc.gov/obesity/data/childhood.html
https://www.cdc.gov/obesity/downloads/dnpao_evidence_sources_factsheet.pdf

Korean Families: The 9th Korea Youth Risk Behavior Web-based Survey. Korean Parent-
Child Health Journal, 18(2), 58-67.

Cole, T. J., Bellizzi, M. C., Flegal, K. M., & Dietz, W. H. (2000). Establishing a standard definition
for child overweight and obesity worldwide: international survey. Bmj, 320(7244), 1240.
Collese, T. S., De Moraes, A. C. F., Fernandez-Alvira, J. M., Michels, N., De Henauw, S., Manios,
Y., ... & Moreno, L. A. (2019). How do energy balance-related behaviors cluster in

adolescents?. International journal of public health, 64(2), 195-208.

Collins, L. M., & Lanza, S. T. (2009). Latent class and latent transition analysis: With applications
in the social, behavioral, and health sciences (Vol. 718). John Wiley & Sons.

Crocker, P., Bailey, D., Faulkner, R., Kowalski, K., & McGrath, R. (1997). Measuring general levels
of physical activity: preliminary evidence for the Physical Activity Questionnaire for Older
Children. Medicine & Science in Sports & Exercise, 29(10), 1344-1349.

Cummins, S., & Macintyre, S. (2006). Food environments and obesity—neighbourhood or
nation?.International journal of epidemiology, 35(1), 100-104.

Cunningham S. D., Huguet N. (2012). Weighting and complex samples design adjustments in
longitudinal studies. In Newson J. T., Jones R. N., Hofer S. M. (Eds.), Longitudinal data
analysis: A practical guide for researchers in aging, health, and social sciences (pp. 43-69).
New York, NY: Routledge Taylor & Francis Cluster.

Daly, C. M., Foote, S. J., & Wadsworth, D. D. (2017). Physical Activity, Sedentary Behavior, Fruit
and Vegetable Consumption and Access: What Influences Obesity in Rural Children?.Journal
of community health, 42(5), 968-973.

Datar, A., Nicosia, N., & Shier, V. (2013). Parent perceptions of neighborhood safety and children’s
physical activity, sedentary behavior, and obesity: evidence from a national longitudinal
study. American journal of epidemiology, 177(10), 1065-1073.

151



Davis, M. M., Gance-Cleveland, B., Hassink, S., Johnson, R., Paradis, G., &Resnicow, K. (2007).
Recommendations for prevention of childhood obesity. Pediatrics, 120(Supplement_4), S229-
S253.

Dean, N., & Raftery, A. E. (2010). Latent class analysis variable selection. Annals of the Institute of
Statistical Mathematics, 62(1), 11-35.

de Aradjo, L., Turi, B. C., Locci, B., Mesquita, C., Fonsati, N. B., & Monteiro, H. L. (2018). Patterns
of Physical Activity and Screen Time Among Brazilian Children. Journal of physical activity

& health, 15(6), 457-461. https://doi.org/10.1123/jpah.2016-0676

Department of Health and Ageing. (2004). Australia’s physical activity recommendations for 5-12
yearolds. Canberra: Department of Health and Ageing.

Dhadda, A., & Greene, G. (2018). ‘The healthy migrant effect’for mental health in England:
Propensity-score matched analysis using the EMPIRIC Survey. Journal of immigrant and
minority health, 20(4), 799-808.

Di Renzo, L., Gualtieri, P., Pivari, F., Soldati, L., Attina, A., Cinelli, G., ... & De Lorenzo, A. (2020).
Eating habits and lifestyle changes during COVID-19 lockdown: an Italian survey. Journal of
translational medicine, 18(1), 1-15.

Donnelly, J. E., Greene, J. L., Gibson, C. A., Smith, B. K., Washburn, R. A., Sullivan, D. K., ... &
Williams, S. L. (2009). Physical Activity Across the Curriculum (PAAC): a randomized
controlled trial to promote physical activity and diminish overweight and obesity in elementary
school children. Preventive medicine, 49(4), 336-341.

Dutta, M. (2020). COVID-19 and Impact of School Closures on the Children of the United States;
a Point of View with an Empirical Analysis. Available at SSRN 3596096.

Ebbeling, C. B., Feldman, H. A., Chomitz, V. R., Antonelli, T. A., Gortmaker, S. L., Osganian, S.
K., & Ludwig, D. S. (2012). A randomized trial of sugar-sugarydrinks and adolescent body

152


https://doi.org/10.1123/jpah.2016-0676

weight. N Engl J Med, 367, 1407-1416.

Eitle, D., &Eitle, T. M. (2018). Obesity, overweightness, and depressive symptomology among
American Indian youth. Journal of racial and ethnic health disparities, 5(6), 1305-1314.
Elgar, F. J., Roberts, C., Tudor-Smith, C., & Moore, L. (2005). Validity of self-reported height and

weight and predictors of bias in adolescents. Journal of Adolescent Health, 37(5), 371-375.

Eneli, 1., Xu, J., & Pratt, K. (2022). Change in weight category among youth early in the COVID-
19 pandemic. Clinical Obesity, 12(3), e12522.

Epstein, L. H., Roemmich, J. N., Paluch, R. A., & Raynor, H. A. (2005). Influence of changes in
sedentary behavior on energy and macronutrient intake in adolescents. The American journal
of clinical nutrition, 81(2), 361-366. https://doi.org/10.1093/ajcn.81.2.361

Eun, S., Lee, S., & Leg, K. (2019). Acculturative stress amongst multicultural adolescents: Patterns,
predictors, and psychosocial outcomes. Studies on Korean Youth,30(2),177-211.

Falconer, C. L., Park, M. H., Croker, H., Kessel, A. S., Saxena, S., Viner, R. M., &Kinra, S. (2014).
Can the relationship between ethnicity and obesity-related behaviours among school-aged
children be explained by deprivation? A cross-sectional study. BMJ open, 4(1), e003949.

Fan, H., & Zhang, X. (2021). Prevalence of and trends in the co-existence of obesogenic behaviors
in adolescents from 15 countries. Frontiers in pediatrics, 9.

Fang, L., Zhang, V. F., Poon, H. L. M., Fung, W. L. A., &Katakia, D. (2014). Lifestyle practices,
psychological well-being, and substance use among Chinese-Canadian youth. Journal of
Ethnic And Cultural Diversity in Social Work, 23(3-4), 207-222.

Fatima, Y., Doi, S. A. R., & Mamun, A. A. (2015). Longitudinal impact of sleep on overweight and
obesity in children and adolescents: a systematic review and bias-adjusted meta-analysis.
Obesity reviews, 16(2), 137-149.

Fatusi, A. O., & Bello, B. (2015). Social Determinants of Health in Adolescents and Young

153



Women's Health and Nutrition: Current Evidence. In Health and nutrition in adolescents and
young women: Preparing for the next generation (Vol. 80, pp. 61-69). Karger Publishers.
Fazzino, T. L., Fleming, K., Sher, K. J., Sullivan, D. K., &Befort, C. (2017). Heavy drinking in
young adulthood increases risk of transitioning to obesity. American journal of preventive

medicine, 53(2), 169-175.

Ferrar, K., Chang, C., Li, M., &0lds, T. S. (2013). Adolescent time use clusters: a systematic
review. Journal of Adolescent Health, 52(3), 259-270.

Fleary, S. A. (2017). Combined patterns of risk for problem and obesogenic behaviors in adolescents:
a latent class analysis approach. Journal of School Health, 87(3), 182-193.

Fleary, S. A., & Freund, K. M. (2018). Social disparities in obesogenic behaviors in adolescents.
Journal of racial and ethnic health disparities, 5(1), 24-33.

Fuhner, T., Kliegl, R., Arntz, F., Kriemler, S., &Granacher, U. (2021). An update on secular trends
in physical fitness of children and adolescents from 1972 to 2015: a systematic review. Sports
Medicine, 51(2), 303-320.

Garvey, W. T., Garber, A. J., Mechanick, J. I., Bray, G. A., Dagogo-Jack, S., Einhorn, D., ...
&Umpierrez, G. (2014). American Association of Clinical Endocrinologists and American
College of Endocrinology consensus conference on obesity: building an evidence base for
comprehensive action. Endocrine Practice, 20(9), 956-976.

Garvey, W. T., &Mechanick, J. I. (2020). Proposal for a Scientifically Correct and Medically
Actionable Disease Classification System (ICD) for Obesity. Obesity (Silver Spring,
Md.), 28(3), 484-492. https://doi.org/10.1002/0by.22727

Ghanemi, A., Yoshioka, M., & St-Amand, J. (2020). Will an obesity pandemic replace the
coronavirus disease-2019 (COVID-19) pandemic?.Medical Hypotheses.

Gooding, H. C., Milliren, C., Austin, S. B., Sheridan, M. A., & McLaughlin, K. A. (2015). Exposure

154



to violence in childhood is associated with higher body mass index in adolescence. Child abuse
& neglect, 50, 151-158.

Gortmaker, S. L., Peterson, K., Wiecha, J., Sobol, A. M., Dixit, S., Fox, M. K., & Laird, N. (1999).
Reducing obesity via a school-based interdisciplinary intervention among adolescents: Planet
Health. Archives of pediatrics & adolescent medicine, 153(4), 409-418.

Guo, S. S., Huang, C., Maynard, L., Demerath, E., Towne, B., Chumlea, W. C., &Siervogel, R. M.
(2000). Body mass index during childhood, adolescence and young adulthood in relation to
adult overweight and adiposity: the Fels Longitudinal Study. International Journal of Obesity
& Related Metabolic Disorders, 24(12), 1628-1635.

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2020). Global trends in insufficient physical
activity among adolescents: a pooled analysis of 298 population-based surveys with 1- 6
million subjects. The Lancet Child & Adolescent Health, 4(1), 23-35.

Hassink, S. G. (2009). Weighing risk: the Expert Committee's recommendations in practice.
Seminars in Pediatric Surgery, 18(3), 159-167.

Hatakeyama, N., Kamada, M., & Kondo, N. (2020). Parental working hours and children’s sedentary
time: a cross-sectional analysis of the J-SHINE. Journal of epidemiology, JE20200170.

Harding, S., Teyhan, A., Maynard, M. J., & Cruickshank, J. K. (2008). Ethnic differences in
overweight and obesity in early adolescence in the MRC DASH study: the role of adolescent
and parental lifestyle. International journal of epidemiology, 37(1), 162-172.

Hardy, L. L., Grunseit, A., Khambalia, A., Bell, C., Wolfenden, L., & Milat, A. J. (2012). Co-
occurrence of obesogenic risk factors among adolescents. Journal of adolescent health, 51(3),
265-271.

Hofferth, S. L., & Sandberg, J. F. (2001). How American children spend their time. Journal of
Marriage and Family, 63(2), 295-308.

155



Huang, P., O’Keeffe, M., Elia, C., Karamanos, A., Goff, L. M., Maynard, M., ... & Harding, S.
(2019). Fruit and vegetable consumption and mental health across adolescence: evidence from
a diverse urban British cohort study. International journal of behavioral nutrition and physical
activity, 16(1), 1-13.

Huh, J., Riggs, N. R., Spruijt-Metz, D., Chou, C. P., Huang, Z., &Pentz, M. (2011). Identifying
patterns of eating and physical activity in children: a latent class analysis of obesity
risk. Obesity, 19(3), 652-658.

lannotti, R. J., & Wang, J. (2013). Patterns of physical activity, sedentary behavior, and diet in US
adolescents. Journal of Adolescent Health, 53(2), 280-286.N

Iguacel, 1., Fernandez-Alvira, J. M., Bammann, K., Chadjigeorgiou, C., De Henauw, S., Heidinger-
Felso, R., ... & Moreno, L. A. (2018). Social vulnerability as a predictor of physical activity
and screen time in European children. International journal of public health, 63(2), 283-295.

Institute of Medicine (2001). Health and behavior: the interplay of biological, behavioral and
societal influences. Washington DC: National Academy Press.

Jacobs, M. (2019). Adolescent smoking: the relationship between cigarette consumption and
BMI. Addictive behaviors reports, 9, 100153.

Janssen, H., Davies, I., Richardson, L., & Stevenson, L. (2018). Determinants of takeaway and fast
food consumption: A narrative review. Nutrition Research Reviews, 31(1), 16-34.
d0i:10.1017/S0954422417000178

Janssen, I., Malece, W. F., Simpson, K., & Pickett, W. (2006). Influence of individual-and area-
level measures of socioeconomic status on obesity, unhealthy eating, and physical inactivity in
Canadian adolescents. The American Journal of Clinical Nutrition, 83(1), 139-145.

Kang, N., Kim, N., & Lee, B. G. (2018). Effects of dietary habits on sleep duration in Korean adolescents: based
on results from the 2016 Korea Youth Risk Behavior Web-based Survey. Journal of Korean Academy of

156



Community Health Nursing, 29(4), 440-449.

Kansra, A. R., Lakkunarajah, S., & Jay, M. S. (2021). Childhood and adolescent obesity: a review. Frontiers in
Pediatrics, 8, 581461.

Kappes, C., Stein, R., Kérner, A., Merkenschlager, A., &Kiess, W. (2021). Stress, Stress Reduction and Obesity
in Childhood and Adolescence. Hormone Research in Paediatrics, 94(7-8), 279-287.

Kartal, F., &Rakicioglu, N. (2020). The effects of media tools on food consumption and obesity in
adolescents. Progress in Nutrition, 22(1), 58-67.

Kim, J. (2019). Health disparities of multicultural adolescents in South Korea: An exploratory study.
Research Papers Collection of ChildFund Korea, 2019(0), 1-60.

Kim, J. H., Yun, S., Hwang, S. S., Shim, J. O., Chae, H. W, Lee, Y. J,, ... & Moon, J. S. (2018).
The 2017 Korean National Growth Charts for children and adolescents: development,
improvement, and prospects. Korean Journal of Pediatrics, 61(5), 135.

Kim, J. M., Kong, B. G., Kang, J. W., Moon, J., Jeon, D., Kang, E., ... & Jung, D. (2015).
Comparative study of adolescents’ mental health between multicultural family and
monocultural family in korea. Journal of the Korean Academy of Child & Adolescent
Psychiatry, 26(4),279-287.

Kim, E. S., Kwon, Y., Choe, Y. H., & Kim, M. J. (2021). COVID-19-related school closing
aggravate obesity and glucose intolerance in pediatric patients with obesity. Scientific
Reports, 11(1), 1-7.

Kim, S. K., Choi, S., & Kim, H. (2021). Multilevel factors associated with adolescents’ obesity:
Analysis of 2017-2019 Korea Youth Risk Behavior Survey data. Korean Journal of Health
Education and Promotion, 38(1).

Kim, Y. A, Seo, Y. A., & Yoon, S. (2018). The effects of obesity intervention programs for
adolescents in Korea: A systematic review and meta-analysis. Journal of the Korean Data and

157



Information Science Society, 29(3),689-703.

Kim, Y., Barreira, T. V., & Kang, M. (2016). Concurrent associations of physical activity and
screen-based sedentary behavior on obesity among US adolescents: a latent class
analysis. Journal of Epidemiology, 26(3), 137-144.

Kim, Y. J.,, (2014). A study on dietary life of children in multicultural families - focused on the
elementary schools in the Daegu-Gyeonghbuk Area-. Korean Education Inquiry, 32(2),155-174.

Ko, S. D. (2015). Correlate of the smoking and drinking behavior among adolescents from multi-

cultural families. Alcohol and Health Behavior Research, 16(1), 99-108.

Korea Disease Control and Prevention Agency. (2021). Korea health statistics 2021: Korea National
Health and Nutrition Examination Survey [Internet]. Cheongju: Korea Disease Control and
Prevention Agency; 2020 [cited 2021 May 5].

Korea Disease Control and Prevention Agency. (2021). Statistics of Korea Youth Risk Behavior

Surveys 2020. Retrieved July, 30, 2021, from: http://www.kdca.go.kr/yhs/

Korea Health Promotion Institute. (2021a). Obesity Statistical Data Collection for National Health
Promotion (2016-2020).
https://www.khealth.or.kr/kps/publish/view?menuld=MENU00888&page_no=B2017001&pa
geNum=1&siteld=&srch_text=&srch_cate=&srch_type=&str_clft_cd_list=&str_clft_cd_type
_list=&board_idx=10688

Korea Health Promotion Institute. (2021b). Health Plan 2030, School health, Retrieved Dec, 30,

2021, from: https://www.khealth.or.kr/board?menuld=MENU00823&siteld=null-

Korea Institute of Sport Science. (2017). Analysis and study of participation in sports activities of
youth from multicultural families.

https://sejong.nl.go.kr/search/searchDetail.do?rec_key=SH1 KM0201823658&upperMenuld

=&menuld=&part=&topF1=

158


http://www.kdca.go.kr/yhs/
https://www.khealth.or.kr/board?menuId=MENU00823&siteId=null-
https://sejong.nl.go.kr/search/searchDetail.do?rec_key=SH1_KMO201823658&upperMenuId=&menuId=&part=&topF1
https://sejong.nl.go.kr/search/searchDetail.do?rec_key=SH1_KMO201823658&upperMenuId=&menuId=&part=&topF1

Krishnaswamy, K., & Gayathri, R. (2018). Nature's bountiful gift to humankind: Vegetables &
fruits& their role in cardiovascular disease & diabetes. The Indian journal of medical
research, 148(5), 569.

Kumanyika, S., Jeffery, R. W., Morabia, A., Ritenbaugh, C., &Antipatis, V. J. (2002). Obesity
prevention; the case for action. International journal of obesity, 26(3), 425-436.

Kumanyika, S. K. (2019). Unraveling common threads in obesity risk among racial/ethnic minority
and migrant populations. Public health, 172, 125-134.

Kuczmarski, R. J. (2002). 2000 CDC Growth Charts for the United States: methods and
development (No. 246). Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Health Statistics.

Lachytova, M., Katreniakova, Z., Mikula, P., Jendrichovsky, M., &Nagyova, I. (2017). Associations
between self-rated health, mental health problems and physical inactivity among urban
adolescents. The European Journal of Public Health, 27(6), 984-989.

Lanza, S. T., Rhoades, B. L., Nix, R. L., Greenberg, M. T., & the Conduct Problems Prevention
Research Cluster. (2010). Moderating the interplay of multilevel risk factors for future
academic and behavior problems: A person-centered approach. Developmental
Psychopathology, 22(2), pp.313-335.

Larose, C., Harel, O., Kordas, K., & Dey, D. K. (2016). Latent class analysis of incomplete data via
an entropy-based criterion. Statistical methodology, 32, 107-121.

Laxer, R. E., Brownson, R. C., Dubin, J. A., Cooke, M., Chaurasia, A., & Leatherdale, S. T. (2017).
Clustering of risk-related modifiable behaviours and their association with overweight and
obesity among a large sample of youth in the COMPASS study. BMC public health, 17(1), 1-
11.

Lazzeri, G., Panatto, D., Domnich, A., Arata, L., Pammolli, A., Simi, R., ... & Gasparini, R. (2018).

159



Clustering of health-related behaviors among early and mid-adolescents in Tuscany: results
from a representative cross-sectional study. Journal of Public Health, 40(1), e25-e33.

Leandro, C. G., Fonseca, E. V. D. S. D., de Lim, C. R., Tchamo, M. E., & Ferreira-e-Silva, W. T.
(2019). Barriers and enablers that influence overweight/obesity/obesogenic behavior in
adolescents from lower-middle income countries: a systematic review. Food and nutrition
bulletin, 40(4), 562-571.

LeBlanc, A. G., Broyles, S. T., Chaput, J. P., Leduc, G., Maleer, C., Borghese, M. M., & Tremblay,
M. S. (2015). Correlates of objectively measured sedentary time and self-reported screen time
in Canadian children. International journal of behavioral nutrition and physical activity, 12(1),
1-12.

Lee, H., Kim, K. E., Kim, M. Y., & Park, C. G. (2021). Cluster Analysis of the Combined
Association of Sleep and Physical Activity with Healthy Behavior and Psychological Health
in Pregnant Women. International Journal of Environmental Research and Public
Health, 18(4), 2185.

Lee, H.,, & La, I. S. (2021). Latent class Analysis of Obesogenic Behaviors among Korean
Adolescents: Associations with Weight-Related Outcomes. International Journal of
Environmental Research and Public Health, 18(21), 11059.

Lee, J. H.,, Jeong, S. O., & Kim, C. (2015). Comparison of Eating Habits and Food Preference of
Elementary School Children between Multi-cultural Families and Ordinary Families in
Gyeongnam Province. The Korean Journal of Food And Nutrition, 28(6), 973-987.
https://doi.org/10.9799/KSFAN.2015.28.6.973

Lee, S. B.,& Cho, W. J. (2017). The Study of Physical Activity Habit for Academic Achievement,
Stress Detection, Subjective Happiness and School Violence Experience in Multicultural
Adolescents. Journal of Holistic Education, 21(1):79-94.

160



Leech, R. M., McNaughton, S. A., & Timperio, A. (2014). The clustering of diet, physical activity
and sedentary behavior in children and adolescents: a review. International Journal of
Behavioral Nutrition and Physical Activity, 11(1), 1-9.

Leatherdale, S. T., & Ahmed, R. (2011). Screen-based sedentary behaviours among a nationally
representative sample of youth: are Canadian kids couch potatoes. Chronic Dis Inj Can, 31(4),
141-146.

Leatherdale, S. T., & Laxer, R. E. (2013). Reliability and validity of the weight status and dietary
intake measures in the COMPASS questionnaire: are the self-reported measures of body mass
index (BMI) and Canada’s food guide servings robust?. International Journal of Behavioral
Nutrition and Physical Activity, 10(1), 1-11.

Liao, Y., Chou, C. P., Huh, J., Leventhal, A., & Dunton, G. (2017). Examining acute bi-directional
relationships between affect, physical feeling states, and physical activity in free-living
situations using electronic ecological momentary assessment. Journal of behavioral
medicine, 40(3), 445-457.

Lima, R. A,, Pfeiffer, K. A., Mgller, N. C., Andersen, L. B., &Bugge, A. (2019). Physical activity
and sedentary time are positively associated with academic performance: a 3-year longitudinal
study. Journal of Physical Activity and Health, 16(3), 177-183.

Li, N., Zhao, P., Diao, C., Qiao, Y., Katzmarzyk, P. T., Chaput, J. P., ... & Hu, G. (2019). Joint
associations between weekday and weekend physical activity or sedentary time and childhood
obesity. International Journal of Obesity, 43(4), 691-700.

Liberali, R., Del Castanhel, F., Kupek, E., & Assis, M. A. A. D. (2021). Latent class analysis of
lifestyle risk factors and association with overweight and/or obesity in children and adolescents:
Systematic review. Childhood Obesity, 17(1), 2-15.

Liberali, R., Kupek, E., & Assis, M. A. A. D. (2020). Dietary patterns and childhood obesity risk: a

161



systematic review. Childhood Obesity, 16(2), 70-85.

Lobo, A. S., de Assis, M. A. A, Leal, D. B., Borgatto, A. F., Vieira, F. K., Di Pietro, P. F., &Kupek,
E. (2019). Empirically derived dietary patterns through latent profile analysis among Brazilian
children and adolescents from Southern Brazil, 2013-2015. PLoS One, 14(1), e0210425.

Lucas, A., Murray, E., &Kinra, S. (2013). Heath beliefs of UK South Asians related to lifestyle
diseases: a review of qualitative literature. Journal of obesity, 2013.

Lumeng, J. C., Somashekar, D., Appugliese, D., Kaciroti, N., Corwyn, R. F., & Bradley, R. H.
(2007). Shorter sleep duration is associated with increased risk for being overweight at ages 9
to 12 years. Pediatrics, 120(5), 1020-1029.

Machado-Rodrigues, A. M., Gama, A., Mourd&o, I., Nogueira, H., Rosado-Marques, V., &Padez, C.
(2018). Eating away from home: a risk factor for overweight in children. European journal of
clinical nutrition, 72(12), 1724-1727.

Magee, C. A., Caputi, P., & Iverson, D. C. (2013). Patterns of health behaviours predict obesity in
A ustralian children. Journal of paediatrics and child health, 49(4), 291-296.

Maia, E. G., Mendes, L. L., Pimenta, A. M., Levy, R. B., & Claro, R. M. (2018). Cluster of risk and
protective factors for obesity among Brazilian adolescents. International Journal of Public
Health, 63(4), 481-490.

Matias, T. S., Silva, K. S,, Silva, J. A. D., Mello, G. T. D., & Salmon, J. (2018). Clustering of diet,
physical activity and sedentary behavior among Brazilian adolescents in the national school-
based health survey (PeNSE 2015). BMC public health, 18(1), 1-9.

McDowell, C. P., MacDonncha, C., & Herring, M. P. (2017). Brief report: associations of physical
activity with anxiety and depression symptoms and status among adolescents. Journal of
adolescence, 55, 1-4.

McLeod, D. L., Buscemi, J., &Bohnert, A. M. (2016). Becoming American, becoming obese? A

162



systematic review of acculturation and weight among Latino adolescents. Obesity Reviews,
17(11), 1040-1049.

Mei, K., Huang, H., Xia, F., Hong, A., Chen, X., Zhang, C., ... & Jia, P. (2021). State-of-the-art of
measures of the obesogenic environment for children. Obesity reviews, 22, e13093.

Méjean, C., Traissac, P., Eymard-Duvernay, S., Delpeuch, F., & Maire, B. (2009). Influence of
acculturation among Tunisian migrants in France and their past/present exposure to the home
country on diet and physical activity. Public health nutrition, 12(6), 832-841.

Mello, G. T. D., Lopes, M. V. V., Minatto, G., Costa, R. M. D., Matias, T. S., Guerra, P. H., ... &
Silva, K. S. (2021). Clustering of physical activity, diet and sedentary behavior among youth
from low-, middle-, and high-income countries: a scoping review. International journal of
environmental research and public health, 18(20), 10924.

Menigoz, K., Nathan, A., &Turrell, G. (2016). Ethnic differences in overweight and obesity and the
influence of acculturation on immigrant bodyweight: evidence from a national sample of
Australian adults. BMC Public Health, 16(1), 1-13.

Michels, N. (2019). Biological underpinnings from psychosocial stress towards appetite and obesity
during youth: research implications towards metagenomics, epigenomics and
metabolomics. Nutrition research reviews, 32(2), 282-293.

Mikkelsen, K., Stojanovska, L., Polenakovic, M., Bosevski, M., &Apostolopoulos, V. (2017).
Exercise and mental health. Maturitas, 106, 48-56.

Ministry of Education. (2020). Announced by 2019 Student Health Examination Sample Statistics.
Nov, 30, 2020, Retrieved from:

https://www.moe.go.kr/boardCnts/view.do?board|D=294&lev=0&status Y N=W&s=moe&m=

0204&0pType=N&boardSeq=81310

Ministry of Food and Drug Safety. (2021). Retrieved from:

163


https://www.moe.go.kr/boardCnts/view.do?boardID=294&lev=0&statusYN=W&s=moe&m=0204&opType=N&boardSeq=81310
https://www.moe.go.kr/boardCnts/view.do?boardID=294&lev=0&statusYN=W&s=moe&m=0204&opType=N&boardSeq=81310

https://www.foodsafetykorea.go.kr/portal/speciallnfo/childFoodSafetyGuardArea.do?menu_g

rp=MENU NEWO03&menu_no=3605

Ministry of Gender Equality and Family. (2019). 2018 research of national survey of multicultural

families. http://www.mogef.go.kr/mp/pcd/mp_pcd s001d.do?mid=plc503&bbtSn=704820

Ministry of Justice. (2015). Retrieved from:

https://www.law.go.kr/LSW/IsInfoP.do?lsiSeq=85988&viewCls=engLsInfoR&urIMode=en

gLsInfoR&chrClsCd=010203#0000

Ministry of Health and Welfare. (2020). Retrieved from:

http://www.mohw.go.kr/react/jb/sjb030301vw.jsp?PAR_MENU ID=03&MENU 1D=03290

1&CONT_SEQ=362385

Miranda, V. P. N., Coimbra, D. R., Bastos, R. R., Miranda Junior, M. V., & Amorim, P.R. D. S.
(2021). Use of latent class analysis as a method of assessing the physical activity level,
sedentary behavior and nutritional habit in the adolescents’ lifestyle: A scoping review. PloS
one, 16(8), e0256069.

Mohammadi, S., Jalaludin, M. Y., Su, T. T., Dahlui, M., Azmi Mohamed, M. N., & Abdul Majid,
H. (2019). Determinants of diet and physical activity in Malaysian adolescents: a systematic
review. International journal of environmental research and public health, 16(4), 603.

Montesi, L., El Ghoch, M., Brodosi, L., Calugi, S., Marchesini, G., &Dalle Grave, R. (2016). Long-
term weight loss maintenance for obesity: a multidisciplinary approach. Diabetes, metabolic
syndrome and obesity: targets and therapy, 9, 37.

MulticulturalFamilies Support Act, No. 15204. 2 Stat. 1 (2015).
https://www.law.go.kr/IsSc.do?section=&menuld=1&subMenuld=15&tabMenuld=81&eve
ntGubun=060101&query=%EB%8B%A4%EB%AC%B8%ED%99%94%EA%B0%80%EC
%A1%B1%EC%AT7%80%EC%9IB%I0%EB%B2%95#undefined

164


https://www.foodsafetykorea.go.kr/portal/specialInfo/childFoodSafetyGuardArea.do?menu_g
http://www.mogef.go.kr/mp/pcd/mp_pcd_s001d.do?mid=plc503&bbtSn=704820
https://www.law.go.kr/LSW/lsInfoP.do?lsiSeq=85988&viewCls=engLsInfoR&urlMode=engLsInfoR&chrClsCd=010203#0000
https://www.law.go.kr/LSW/lsInfoP.do?lsiSeq=85988&viewCls=engLsInfoR&urlMode=engLsInfoR&chrClsCd=010203#0000
http://www.mohw.go.kr/react/jb/sjb030301vw.jsp?PAR_MENU_ID=03&MENU_ID=032901&CONT_SEQ=362385
http://www.mohw.go.kr/react/jb/sjb030301vw.jsp?PAR_MENU_ID=03&MENU_ID=032901&CONT_SEQ=362385

Mufioz-Galiano, I. M., Connor, J. D., Gmez-Ruano, M. A., & Torres-Luque, G. (2020). Influence
of the parental educational level on physical activity in schoolchildren. Sustainability, 12(9),
3920.

Mylona, E. K., Shehadeh, F., Fleury, E., Kalligeros, M., &Mylonakis, E. (2020). Neighborhood-
level analysis on the impact of accessibility to fast food and open green spaces on the

prevalence of obesity. The American Journal of Medicine, 133(3), 340-346.

Nagata, J. M., Cortez, C. A., Dooley, E. E., lyer, P., Ganson, K. T., & Gabriel, K. P. (2022).
Moderate-to-vigorous intensity physical activity among adolescents in the USA during the
COVID-19 pandemic. Preventive medicine reports, 25, 101685.

Naja, F., Hwalla, N., Itani, L., Karam, S., Sibai, A. M., &Nasreddine, L. (2015). A Western dietary
pattern is associated with overweight and obesity in a national sample of Lebanese adolescents
(13-19 years): a cross-sectional study. British Journal of Nutrition, 114(11), 1909-1919.

Korean. (2022). In Merriam-Webster’s learners dictionary. Retrieved from https://www.merriam-
webster.com/dictionary/Korean

Nelson, M. C., Gordon-Larsen, P., Adair, L. S., & Popkin, B. M. (2005). Adolescent physical
activity and sedentary behavior: patterning and long-term maintenance. American journal of

preventive medicine, 28(3), 259-266. https://doi.org/10.1016/j.amepre.2004.12.006

Noonan, R. J. (2018). Poverty, weight status, and dietary intake among UK adolescents.
International Journal of Environmental Research and Public Health, 15(6), 1224.

Nylund, K .L. (2004). Latent transition analysis: Modeling extensions and an application peer
victimization. Doctoral dissertation, University of California, Los Angeles.

Nylund, K. L., Asparouhov, T., &Muthén, B. O. (2007). Deciding on the number of classes in latent
class analysis and growth mixture modeling: A Monte Carlo simulation study. Structural
equation modeling: A multidisciplinary Journal, 14(4), 535-569.

165


https://doi.org/10.1016/j.amepre.2004.12.006

Office of Disease Prevention and Health Promotion. Healthy People 2020 [Internet]. Washington,
DC: Office of Disease Preventtion and Health Promotion; Retrieved Dec 22, 2020, from

https://www.healthypeople.qgov/2020/topics-objectives/topic/social-determinants-of-health

Owen, N., Leslie, E., Salmon, J., & Fotheringham, M. J. (2000). Environmental determinants of
physical activity and sedentary behavior. Exercise and sport sciences reviews, 28(4), 153—
158.

Park, H. (2017). Comparison of the Risk for Being Underweight between Multicultural and
Korean -Origin Adolescents. The Journal of the Korean society of school health, 30(3), 240-
250.

Park, J., Ma, H., Lee, Y., & Oh, H. (2017). Trends in Intervention Study for Childhood Obesity in
Korea. Child Health Nursing Research. Korean Academy of Child Health Nursing, 23(1), 81-
90. https://doi.org/10.4094/chnr.2017.23.1.81.

Park, S., & Kim, J. (2020). Patterns of Problem Behaviors and Predictors of Class Membership
among Adolescents in the Republic of Korea: A Latent Class Analysis. Journal of Child and
Family Studies, 29(2), 315-326.

Pengpid, S., &Peltzer, K. (2019). Underweight and overweight or obesity and associated factors
among school-going adolescents in five ASEAN countries, 2015. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 13(6), 3075-3080.

Pereira, S., Katzmarzyk, P. T., Gomes, T. N., Borges, A., Santos, D., Souza, M., ... & Maia, J. A.
(2015). Profiling physical activity, diet, screen and sleep habits in Portuguese
children. Nutrients, 7(6), 4345-4362.

Pietrobelli, A., Pecoraro, L., Ferruzzi, A., Heo, M., Faith, M., Zoller, T., ... &Heymsfield, S. B.
(2020). Effects of COVID-19 lockdown on lifestyle behaviors in children with obesity living
in Verona, Italy: a longitudinal study. Obesity, 28(8), 1382-1385.

166


https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health

Pinho, L. D., Silveira, M. F., Botelho, A. C. D. C., &Caldeira, A. P. (2014). Identification of
dietary patterns of adolescents attending public schools. Jornal de pediatria, 90, 267-272.

Plachta-Danielzik, S., Pust, S., Asbeck, I., Czerwinski-Mast, M., Langnése, K., Fischer, C., ... &
Muiller, M. J. (2007). Four-year follow-up of school-based intervention on overweight
children: the KOPS study. Obesity, 15(12), 3159-3169.

Prince, S. A., Melvin, A., Roberts, K. C., Butler, G. P., & Thompson, W. (2020). Sedentary
behaviour surveillance in Canada: trends, challenges and lessons learned. International
Journal of Behavioral Nutrition and Physical Activity, 17(1), 1-21.

Rey-Lopez, J. P, Ruiz, J. R., Vicente-Rodriguez, G., Gracia-Marco, L., Manios, Y., Sjostrom,

M., ... & HELENA Study Cluster. (2012). Physical activity does not attenuate the obesity risk
of TV viewing in youth. Pediatric obesity, 7(3), 240-250

Riley, T. N., Clifton, R. L., Khazvand, S., &Zapolski, T. C. (2021). Discrimination and Substance
Use: Examining the Moderating Role of Impulsivity among Racial-Ethnic Minority
Adolescents. Substance Use & Misuse, 56(6), 897-904.

Rillamas-Sun, E., Bishop, S., Cisneros, O., Mendoza, J. A., Kratz, M., & Ko, L. K. (2019).
Psychosocial factors of diet and physical activity among rural, Hispanic children: findings from
a multilevel health intervention study. Journal of racial and ethnic health disparities, 6(6),
1218-1227.

Rivera, J. A ., de Cossio, T. G., Pedraza, L. S., Aburto, T. C., Sénchez, T. G., & Martorell, R. (2014).
Childhood and adolescent overweight and obesity in Latin America: a systematic review. The
lancet Diabetes & endocrinology, 2(4), 321-332.

Rodriguez-Ramirez, S., Mundo-Rosas, V., Garcia-Guerra, A., &Shamah-Levy, T. (2011). Dietary
patterns are associated with overweight and obesity in Mexican school-age children. Arch

LatinoamNutr, 61(3), 270-8.

167



Rosenberg, M. (2015). Society and the adolescent self-image. Princeton university press.

Ruiz-Roso, M. B., de Carvalho Padilha, P., Mantilla-Escalante, D. C., Ulloa, N., Brun, P., Acevedo-
Correa, D., ... &Davalos, A. (2020). Covid-19 confinement and changes of adolescent’s dietary
trends in Italy, Spain, Chile, Colombia and Brazil. Nutrients, 12(6), 1807.

Sanchez, A., Norman, G. J., Sallis, J. F., Calfas, K. J., Cella, J., & Patrick, K. (2007). Patterns and
correlates of physical activity and nutrition behaviors in adolescents. American journal of
preventive medicine, 32(2), 124-130.

Saylor, J., Friedmann, E., & Lee, H. J. (2012). Navigating complex sample analysis using national
survey data. Nursing research, 61(3), 231-237.

Schréder, H., Bawaked, R. A., Ribas-Barba, L., Izquierdo-Pulido, M., Roman-Vifias, B., Fito, M.,
& Serra-Majem, L. (2017). Cumulative Effect of Obesogenic Behaviours on Adiposity in
Spanish Children and Adolescents. Obesity facts, 10(6), 584-596.

Sharma, S. P., Chung, H. J., Kim, H. J., & Hong, S. T. (2016). Paradoxical effects of fruit on
obesity. Nutrients, 8(10), 633.

Sigmundova, D., & Sigmund, E. (2021). Weekday-weekend sedentary behavior and recreational
screen time patterns in families with preschoolers, schoolchildren, and adolescents: Cross-
sectional three cohort study. International journal of environmental research and public
health, 18(9), 4532.

Singleton, C. R., Kessee, N., Chatman, C., &Spreen, C. (2020). Racial/ethnic differences in the
shopping behaviors and fruit and vegetable consumption of farmers’ market incentive program
users in Illinois. Ethnicity & Disease, 30(1), 109.

Smith, M. H. (2004). A sample/population size activity: Is it the sample size of the sample as a
fraction of the population that matters?.Journal of Statistics Education, 12(2).

Smith, L. H., Laurent, D., Baumker, E., & Petosa, R. L. (2018). Rates of Obesity and Obesogenic

168



Behaviors of Rural Appalachian Adolescents: How Do They Compare to Other Adolescents
or Recommendations?. Journal of physical activity & health, 15(11), 874-881.
https://doi.org/10.1123/jpah.2017-0602

Solar, O., & Irwin, A. (2010). A conceptual framework for action on the social determinants of
health. WHO Document Production Services. Adapted from:

https://apps.who.int/iris/bitstream/handle/10665/44489/?sequence=1

Song, J. H., & Kim, E. J. (2019). A Study on the Growth of Low Income and Multicultural Families'
Children in Dae-jeon Area. The Journal of Pediatrics of Korean Medicine, 33(1), 46-57.

Song, S. J. (2020). Comparison of dietary and lifestyle behavior and weight status among

adolescents from multicultural families and non-multicultural families: based on the 2017-
2018 Korea youth risk behavior surveys data. Korean Journal of Human Ecology, 29(1),
105-117.

Song, Y., Park, M. J., Paik, H. Y., &Joung, H. (2010). Secular trends in dietary patterns and obesity-
related risk factors in Korean adolescents aged 10-19 years. International journal of obesity,
34(1), 48-56.

Stahlmann, K., Hebestreit, A., DeHenauw, S., Hunsberger, M., Kaprio, J., Lissner, L., ... &Tornaritis,
M. (2020). A cross-sectional study of obesogenic behaviours and family rules according to
family structure in European children. International Journal of Behavioral Nutrition and
Physical Activity, 17(1), 1-12.

Stavridou, A., Kapsali, E., Panagouli, E., Thirios, A., Polychronis, K., Bacopoulou, F., ... &Tsitsika,
A. (2021). Obesity in children and adolescents during COVID-19 pandemic. Children, 8(2),
135.

Surjadi, F. F., Takeuchi, D. T., &Umoren, J. (2017). Racial and ethnic differences in longitudinal
patterns of family mealtimes: link to adolescent fruit and vegetable consumption. Journal of

169



nutrition education and behavior, 49(3), 244-249.

Tabacchi, G., Faigenbaum, A., Jemni, M., Thomas, E., Capranica, L., Palma, A,, ... & Bianco, A.
(2018). Profiles of physical fitness risk behaviours in school adolescents from the ASSO
project: A latent class analysis. International journal of environmental research and public
health, 15(9), 1933.

Tetens, 1., &Alinia, S. (2009). The role of eating fruit in the prevention of obesity. The Journal of
Horticultural Science and Biotechnology, 84(6), 47-51.

Teychenne, M., & Hinkley, T. (2016). Associations between screen-based sedentary behaviour and
anxiety symptoms in mothers with young children. PLoS One, 11(5), e0155696.The, N. S.,
Suchindran, C., North, K. E., Popkin, B. M., & Gordon-Larsen, P. (2010). Association of
adolescent obesity with risk of severe obesity in adulthood. JAMA, 304(18), 2042-2047.

Tomiyama, A. J. (2019). Stress and obesity. Annual Review of Psychology, 70(1), 703-718.

Townshend, T., & Lake, A. (2017). Obesogenic environments: current evidence of the built and
food environments. Perspectives in public health, 137(1), 38-44.

Van Der Horst, K., Paw, M. J. C. A., Twisk, J. W., & Van Mechelen, W. (2007). A brief review on
correlates of physical activity and sedentariness in adolescents. Medicine & Science in Sports
& Exercise, 39(8), 1241-1250.

Vandevijvere, S., Molloy, J., Hassen de Medeiros, N., & Swinburn, B. (2018). Unhealthy food
marketing around New Zealand schools: a national study. International journal of public
health, 63(9), 1099-1107.

Visser, M., &Depaoli, S. (2022). A Guide to Detecting and Modeling Local Dependence in Latent
Class Analysis Models. Structural Equation Modeling: A Multidisciplinary Journal, 1-12.

Wang, H., Swain, S., Luo, J., Blake, H., & Chattopadhyay, K. (2020). Barriers and facilitators to
physical activity among ethnic Chinese children: a qualitative systematic review. JBI Evidence

170



Synthesis, 18(12), 2445-2511.

Winkler, M. R., Bennett, G. G., & Brandon, D. H. (2017). Factors related to obesity and overweight
among Black adolescent females in the United States. Women & health, 57(2), 208-248.
Wilkinson, R. G., & Marmot, M. (Eds.). (2003). Social determinants of health: the solid facts. World

Health Organization.

World Health Organization [WHQOY]. (2008). Closing the gap in a generation: Health equity through
action on the social determinants of health. World Health Organization.

World Health Organization. (2012). Report of the Formal Meeting of Member States to conclude
the work on the comprehensive global monitoring framework, including indicators, and a set
of voluntary global targets for the prevention and control of noncommunicable diseases (No.
A/NCD/2). https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416

WHO Multicentre Growth Reference Study Cluster. (2006). WHO Child Growth Standards:
Length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass
index-for-age: methods and development. Geneva: World Health Organization.

WHO. (2020a). Obesity and overweight. Retrieved December 6, 2020, from

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

WHO. (2020b). Why does childhood overweight and obesity matter? Retrieved December 6, 2020,

from https://www.who2020c.int/dietphysicalactivity/childhood consequences/en/

WHO. (2020c). What are the causes? Retrieved December 6, 2020, from

https://www.who.int/dietphysicalactivity/childhood_why/en/

Wu, Y., Wang, L., Zhu, J., Gao, L., & Wang, Y. (2021). Growing fast food consumption and obesity
in Asia: Challenges and implications. Social Science & Medicine, 269, 113601.

Yang, L., Cao, C., Kantor, E. D., Nguyen, L. H., Zheng, X., Park, Y., Giovannucci, E. L., Matthews,
C. E.,, Colditz, G. A., & Cao, Y. (2019). Trends in Sedentary Behavior Among the US

171


file://///https:/www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who2020c.int/dietphysicalactivity/childhood_consequences/en/
file://///https:/www.who.int/dietphysicalactivity/childhood_why/en/

Population, 2001-2016. JAMA, 321(16), 1587-1597. https://doi.org/10.1001/jama.2019.3636

Yang, S., Guo, B., Ao, L., Yang, C., Zhang, L., Zhou, J., & Jia, P. (2020). Obesity and activity
patterns before and during COVID-19 lockdown among youths in China. Clinical
obesity, 10(6), e12416.

Yang, Y., Hu, X. M., Chen, T. J., & Bai, M. J. (2016). Rural-urban differences of dietary patterns,
overweight, and bone mineral status in Chinese students. Nutrients, 8(9), 537.

Zhang, R., Wulff, H., Duan, Y., & Wagner, P. (2019). Associations between the physical
environment and park-based physical activity: a systematic review. Journal of sport and health

science, 8(5), 412-421.

172


https://doi.org/10.1001/jama.2019.3636

Appendix 1. Previous studies regarding the cluster of obesogenic behaviors in ethnic minority adolescents

(N=4)

First Loca.t lon, Study Subjects, Variables, used as the latent . _
Questionna . . L . Conclusion class=
No  author ire. data design, male:female, Cluster name Related factors Ethnicity class indicators and their key (% or RRR)
(Year) ¢ oll’ ection Analysis (age) covariates
1 Fleary = America, Cross- 14,815, Male *Age * White * PA 5+days OWOB
(2017)  YRBSS, sectional 7345:7470 « class 1 (17%) Healthy * Race * Black * PA 7 days * (Male) White, Other
self study, (9th-12th * class 2 (31%) Physically » Gender * Hispanic ~ * SA daily (Physically Active:
reported Latent grade) active « Cigarette e Hispanic  * Diet(fruit, vegetables, breakfast) 0.69,0.33)
class * class 3 (24%) Sedentary smoking -Multiple * Insufficient Sleep < 8 hours * (Female) White,
by analysis activity * Alcohol use * Asian * Substance use Black
students * class 4 (28%) HRB/PA * Binge drinking * Other * Tried to lose weight (Physically Active:
* Marijuana use * Perceived overweight 0.61, 0.52)
Female * Physical fight * Unhealthy weight control

« class 1 (14%) Healthy

» class 2 (19%) Physically
active

« class 3 (40%) Sedentary
activity

e class 4 (6%) HRB/F&V
* class 5 (21%) HRB

Note: OW/OB=0Overweight/Obesity, YRBSS=Youth risk behaviors surveillance system, HRB=Health Risk Behaviors, F&V=Fruit & Vegetable, PA=Physical activity,

SA=Sedentary activity, RRR=Relative risk ratio, Bold denote reference cluster
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First

Location,

author  Questionna Study Subjects, Variables, used as the latent Conclusion class=
No ire. data design, male: female  Cluster name Related factors Ethnicity  class indicators and their key (%, RRR)
(Year) collection  Analysis (age) covariates )
2 Kimet  America, Cross- 12,081, Male, Female * Gender * Non- * Physical activity OW/OB
al., YRBSS, sectional 6109:5972 * class 1 (20.3%, 17.6%) « grade(9th—12th),  Hispanic, (MVPA(moderate and vigorous  (Male) Low PA
(2015)  Self- study, (9th-12th High PA/High SB * race/ethnicity white physical activity), STP (sports /High SB: 4.7
reported Latent grade) * class 2 (38.6%, 23.1%) (non-Hispanic * Non- team participation), MSEx
by class Low PA/High SB white, non- Hispanic, (muscle-strengthening exercise) High PA
students analysis * class 3 (7.7%, 26.4%) Hispanic black, Black * Sedentary behavior /High SB: 2.7
Low PA/Low SB Hispanic, or e Hispanic ~ (TV hours, Computer hours)
* class 4 (33.5%, 33.0%) others) « Others * Diet * (Female) Low PA/
High PA/Low SB (Breakfast consumption, Fruit and High SB: 23.5
vegetable consumption, Soda
consumption) High PA
* Obese /High SB: 10.8
3 Maia Brazil, Cross- 109,104, e cluster 1 (57.13%) (low * Age * White * Physical activity X
etal., National sectional 52,015:57,089  frequency of both risk and * Gender « Black or (active commuting, PA at school,
(2018)  School study, (9th grade) protective factors for * School brown PA at leisure times)
Health K-means obesity) management * Asian or « Sedentary behavior
Survey, cluster * cluster 2 (42.87%) (high + Ethnicity/skin American (TV watching, Time sitting)
Self- anaylsis frequency of both risk and color * Indian * Diet
reported protective factors for obesity ~ « Mother’s (Healthy foods, Unhealthy foods,
by educational level Eating behavior)
students * Geographical
region

Note: OW/OB=0verweight/Obesity, YRBSS=Youth risk behaviors surveillance system, PA=Physical activity, SB=Sedentary behavior, RRR=Relative risk ratio, Bold denote reference cluster
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First Location, . Subjects, Variables, used as the latent .
No author Qil::,s:;:l;:a mﬁl’ fl::lrzlael‘e Cluster name Related factors Ethnicity class i.ndicators and their key g,z:mn class=
. covariates
(Year) collection (age)
4 Tassita  Brazil, Cross- 5520, * cluster 1 (13.6%) Computer  * Sex » White, * Moderate-to-vigorous physical OW/OB
no et National sectional 2462:3058 users * Age * Non- activity * Overweight
al., School study, (16.3+1.0 * cluster 2 (11.3%) Short + Skin color white * Active commuting to school cluster 1 (25.5%)
(2020)  Health Latent year) sleepers * Home location « Sitting time cluster 2 (22.0%)
Survey, profile * cluster 3 (35.7%) Typical * Mother * Video game cluster 3 (19.3%)
Self- analyses behaviors class education » Computer time cluster 4 (20.3%)
reported * cluster 4 (6.4%) Techno- * School * Television cluster 5 (17.3%)
by active-gamers attendance * Sleep
students « cluster 5 (33.1%) Lower * Obesity
screen engagement cluster 1 (9.0%)
cluster 2 (7.7%)
cluster 3 (7.4%)
cluster 4 (6.3%)

cluster 5 (6.0%)

Cluster 1 (vs 3): 1.52
(95% CI=1.25-1.86)

Note: RRR=Relative risk ratio, OW/OB=0verweight/Obesity, Bold denote reference cluster
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Appendix 2. The shape of Differences in Obesity Classification by Clusters
(predict probability)

1. Ethnic minority Adolescents

As a result of predictive probability analysis, analyzing the difference in the shape
of obesity classification in each cluster on the graph (Figure 7), there was a difference in
the frequency of each cluster (Table 21). ‘Inactive & unhealthy eater’ cluster had a high
ratio of obesity and normal weight, and ‘Moderately active& unhealthy eater’ cluster had
a high ratio of overweight, so it was confirmed that obesity preventive intervention is
needed. Unexpectedly, ‘Active & healthy eater’ as a high-risk cluster about obesity
represented a high ratio of obesity and underweight, a low ratio of normal weight. It was

confirmed that required both obesity and underweight intervention.
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Figure 7. Differences in predicted probability of obesity classification by clusters
in ethnic minority adolescents

Table 21. Predicted probability of obesity classification by clusters in ethnic minority

adolescents
Obesity Inactive & Moderately active & Active &
Classification unhealthy eater unhealthy eater healthy eater
Obesity 0.152 0.136 0.178
Overweight 0.091 0.160 0.101
Normal 0.681 0.679 0.605
Underweight 0.076 0.025 0.116
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2. Korean adolescents

As a result of predictive probability analysis, analyzing the difference in the shape
of obesity classification in each cluster on the graph (Figure 8), there was a difference in
the frequency of each cluster (Table 22). ‘Inactive & unhealthy eater’ cluster had a high
ratio of obesity and underweight, and ‘Moderately active& unhealthy eater’ cluster had a
high ratio of obesity and overweight, a low ratio, so it was confirmed that obesity
preventive intervention is needed. Expectedly, ‘Active & healthy eater’ represented a high
ratio of normal weight and underweight, a low ratio of obesity and overweight. It was
confirmed as a high-risk cluster of obesity that required both obesity and underweight
intervention. Among the clusters, ‘Active & healthy eater’ was considered relatively the
healthier patterns of obesogenic behaviors, which was confirmed that has a positive relation

with normal weight.
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Figure 8. Differences in predicted probability of obesity classification by clusters in Korean
adolescents

Table 22. Predicted probability of obesity classification by clusters in Korean adolescents

Obesity Inactive & Moderately active & Active &
Classification unhealthy eater unhealthy eater healthy eater
Obesity 0.116 0.132 0.098
Overweight 0.105 0.123 0.099

Normal 0.704 0.711 0.733
Underweight 0.076 0.034 0.070
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